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@ Euclid Mission Profile {zesa

= ESA medium class science mission

= to explore dark energy and dark matter

(in order to understand the evolution of the Universe since the
Big Bang and its present accelerating expansion)

= Launch:
Soyuz-Fregat from Kourou
End of 2020

= Operational Orbit: L2

= Nominal Duration: 6 years
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@ The Euclid Spacecraft &&-esa

S/C facts relevant for the Euclid Ground Segment:
= Data generated per day: —100 GByte

= “Offline” mission (4h communication per day)

= One-Way Light Time (orbit around L2): Max. —6 s
= X-band uplink (16 kbps) and downlink (26 kbps)
= K-band downlink (75 Mbps)

= MMU hosts on-board file store

* File up- and download using CFDP
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@ Space-Ground-Interface &&iesa
= High rate downlink via K-band for huge data amount

= K-band not reliable

= CCSDS File Delivery Protocol (CFDP) will ensure
completeness of file transfer via K-band

= Two ground stations on both hemispheres

= Pass scheduling considers lower rain probability
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Euclid Ground Segment - Sites {zesa

Darmstadt

- Villafranca

b o

35m Cebreros

SDC-CH:
SDC-DE: Munich
SDC-ES: Barcelona
SDC-FI: Helsinki

Geneva

SDC-FR: Lyon 35m Malargiie
SDC-UK: Edinburgh -
oste - Operations Ground Segment (OGS
SDC-IT: Trieste p g
SDC-NL: Groningen .
SDC-US: Pasadena Science Ground Segment (SGS)
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(@ CrDP Entities and File Transfers {tesa

4 cuclid I On-Board File Store (in MMU)

Science Data Files
, / TM-Files (stored H/K TM-Packets)

= Diagnostics

= Memory Dumps
= Software Images

= On-Board Control Procedures

= TC-Files

= Partial Star Catalogues (Fine Guidance Sensor)

CFDP Class 2 CFDP Class 1
Download 75 Mbps Upload 16 kbps
(6 files at a time) (1 file at a time)

! >
Cebreros & sftp
(Internet)

\_ Malargue ) \ MOC /
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\(@ Science Planning and Operations {:esa

When (to observe)

Where (to point)

What (exactly to do) Mission Timeline (set of TCs)
Which (file names) Partial Star Catalogue (files)

/\/\
\J\/

Science Data Files Science Data Files
TM-Parameter Archive TM-Files
(TM-Files)
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\@@ On-Board Software Maintenance

Upload of image file
Command software patch from file
New software delivery Command memory dump into file

[ Indust ry
Software image file Software image file
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\(@ On-Board Control Procedures (OBCPSs) ‘

®
)
QO

Upload of new OBCP as file
Command to start/stop OBCP

N

MOC S/C

/

If desired:
Download of OBCP file
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@ Other Use Cases ‘Qm eSa

On-Board Diagnostics:

= Diagnostics data stored in files (high rate, bigger than R/T TM
bandwidth)

TC-Files:
= Sequence of TCs (for repeating sets of commands)
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;/ CFDP Assembly in Ground Station

Ground Station
A

X Band X Band KBand

2

TMTC;/M“' “ ------- S SLE-RCF CFDP
"""" S L E-RCF Assembl
(SLE Provider) Y
A
SLE ==SLE-RCF (Uplink PDU)
cLTU
E S O C v Files
Network Interface M&c
System
(SLE User)
“Frame”
: M|55|on Control et Mission
: or Web Browser for File St
s System WebEUDGSSC LESIOH

» Data Interfaces (Spacecraft TM/TC)
P CFDP Assembly Monitoring & Control

P Mission Specific Transfer of Files to Target Location
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CFDP Assembly in Ground Station

{cesa

Ground Station
A

X Band X Band K Band

vV

gL
.....

......
s

(SLE Provider)

"ELE- RCF

LE-RCF:

CFDP
Assembly

CFDP File
Store

GSSC

SLE
CLTU

LE-RCF (Uplink PDU)

ESOC

Network Interfac
System

e

(SLE User)
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CFDP Assembly in Ground Station

A= e wraan g |

SLE LE-RCF (Uplink PDU)
CLTU

ESOC

Network Interface

System
(SLE User)
“Frame”

| Mission ContrEl EUDGSSC Rich Client -Mission
: i or Web Browser for File St
System | WebEUDGSSC e store
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“SpaceZilla” “\\&: eSa

File Browser Display

@ Ground File Store 8 % g 8@ & @ T = 0| onvoard File Store SR X ECSF S =D
FARC:/onboardimages/ 1 tPayloadl,
v & Hif»e
¥ (& onboard ¥ = onboard
= equipment = (& equipment
I
= [= subfolder! & Payload2
v = spw b &= spw
¥ (= onboard b (= images
; b (= equipment & _ Emrec
Filename Filesize Filetype Last Modified State Filename Filesize Filetype Last Modified State
[ mars.png 0 FILE 1970.001,01.00.00.000 CURRENT || sentPiitestFilel 0 FILE 1970.001.01.00.00.000 CURRENT
1 piplp 0 FILE 1970.001.01.00.00.000 CURRENT ] testFilel 0 FILE 1970.001.01.00.00.000 CURRENT
{5 pluto.png 0 FILE 1870.001.01.00.00.000 CURRENT 5 testFile2 0 FILE 1970.001.01.00.00.000 CURRENT
- R # ®a~ =0
Request Type File Store Src Rep Path Sre File Name Dest Rep Path Dest File Name Priority Execution Time
/onboard/equipment/spw/ log. txt MEDIUM IMMEDIATE
| GET_FILE_REQUEST . ONBOARD ! Jonboard/images/ | putopng | /subfoldert/ | pluto.png 1 HIGH | IMMEDIATE .
SEND_FILE_REQUEST | GROUND | fsubfolderl/ i filed i fonboard/images/ i filed | HIGH | IMMEDIATE
@1 File Transactions X »>n B ~=0D
| Trans ID Dest Ilj Request Type State Source File Destination File Execution Time Priority Start Time End Time
FBD6 | 1 | INTIATE_ALL_FILE_TRANS - | , IMMEDIATE | MEDIUM | 2014169.16.18.13000 | 2014.168.16 18 15.000
FBD7 | 2 | INTIATE_ALLFILE_TRANS . | : | IMMEDIATE | MEDIUM |  2014.169.16.18.17.000 | 2014,169.16.18.22.000 '
FBO8 | 1 | WINDOW_STATUS - ! - ! IMMEDIATE | MEDIUM | 2014.169.16.18.25.000 | 2014.169.16.18 27 000
FBDS | 2 ‘ WINDOW_STATUS . | - | IMMEDIATE | MEDIUM | 2014.169.16.18.28.000 | 2014.16916.18.36.000
Mcs window: TRIBHEN B  sc wincow: TRIGHSH FRISHER
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(& Benefits of File-Based Operations &gesa

“Reading Emails, not counting Ethernet packets.”

= Simpler operations
= Split of data transfer and operations
= Operations can just rely on read/write to/from local files

= CFDP cares about transfer of files (incl. completeness)

* Less processing on ground, e.g.
= Memory dumps arrive in files

= Science data arrive as files (incl. file names with a meaning)
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@ Outlook and Visions

* File access for SOC at ground stations

= No need to transfer science file to MOC
= Autonomous passes for data transfers using F-SP (without MOC)
= New paradigm for ground station scheduling:

* Long data transfer pass (no experts required, perhaps
autonomous), flexible scheduling

= Short ops pass (with experts), fixed scheduling
= JOAG Service Catalogue #1 (issue 2 revision 0 - 23/08/2016)
= Forward CFDP-File Service
= (Forward Packets-File Service)
= Return CFDP-File Service

= Return Packets-File Service
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QUESTIONS ?
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@ Total Attenuation (Simulation) {zesa

Total Attenuation in Cebreros as per Time Series Model
(11 of 1000 simulated days):

35

Cf‘ Total losses

Attenuation in dB

10

Ref.: K-Band Operations Study - Data Downlink Analysis (KOS-D-AST-TN-004, i4.1, 12.05.2012, by ASTRIUM)
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@ Euclid CFDP Data Units

Euclid

File Store

V

CFDP Entity

Encapsulation

V

X-Band K-Band

CCSDS
727.0-B-4
CCSDS
722.1-M-1

V

Encapsulation

f

Mission specific

> CFDP Entity

File Store

Ground
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CFDP PDUs inside Space
Packets without DFH:

CFDP TM Packet via K-Band (max. 65542 Bytes)
TM Packet Header (6 Bytes) Packet Data Field (max. 85536 Bytes)
2 Bytes 2 Bytes 2 Bytes
Packet Identification Sequence Control Source Packet
Packet Data Field P;c:: t Data Error
Version | TA%E | Tyeager | apip | Seduence | Seauence | e Contrel
Number ype Flag a9 o 9
3 oits 7 it ot 11 bits 2 bits Tabits | 2 Byles max. 65534 Bytes 2 Bytes
oo [ on | on | [ e ] o ]
CFDP TM Packet via X-Band (max. 1024 Bytes)
TM Packet Header (6 Bytes) Packet Data Field (max. 1018 Bytes)
2 Bytes 2 Bytes 2 Bytes
Packet Identification Sequence Control Source Packet
Packet Data Field PSC:: t Data Error
Version pTac"e' Header APID Seg”‘*:“ Seg”f:fe Lenoth Control
Number ype Flag ag o 9 P
3 bits 1 bit 1 bit 11 bits 2 bits 14bits | 2Bytes max. yles 2 Bytes
000aim ‘ Oam ‘ O ‘ ‘ Cg:g;nzgae ‘ CRC ‘
TC Packet for CFDP PDUs (max. 1016 Bytes)
TC Packet Header (6 Bytes) Packet Data Field {max. 1010 Bytes)
2 Bytes 2 Bytes 2 Bytes
Packet Identification Sequence Control
Packet Data Field - Packet Application Peaﬁléft
Data
Version p;‘d‘el Header APID S";‘I“ P":e Seé‘;fr'?fe Lgs'?h Control
Number ype Flag ag 9
3 bits 1 bit 1 bit 11 bits 2 bits 14 bits | 2Bytes max. 1008 Byles 2 Bytes
000, 1 0 11 Cantaing one CRGC
BIN BN BIN BIN CFDP PDU
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@ Abstract &W €Sa

Euclid is an European Space Agency's (ESA) medium class science mission in the Science Program
currently under development. Euclid will be launched in 2020 to explore dark energy and dark matter
in order to understand the evolution of the Universe since the Big Bang and, in particular, its present
accelerating expansion. It will have an operational orbit around Sun-Earth-Liberation-Point 2 and will
generate about 100 GB of science data per day, which must be downlinked, processed and distributed
within the ground segment.

To transfer these data to ground a high telemetry rate via K-band is required. The weather depending
quality of a K-band link requires a failure detecting downlink protocol with automatic retransmissions
of corrupted or missing data segments. For this purpose Euclid will host an on-board file system and
will use CFDP (CCSDS File Delivery Protocol) to transfer files between S/C and ground. This straight
forward approach of implementing an on-board file system makes Euclid the first ESA mission to use
new features for spacecraft operations based on files.

This presentation describes Euclid’s "game-changing approach to ground systems", the use of files,
the CFDP ground implementation and benefits of file based operations for the overall ground segment,
including spacecraft operations, mission planning and science data processing. With Euclid being “first
of its kind” there are some demanding changes to be applied to ESA’s traditional ground segment
which required a fair trade-off between requirements, innovation and dependability. Therefore an
outlook will be provided about potential improvements which could be applied to future missions.
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