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Overview

 GRASP heritage
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December 2015
- Selection o2YGNSS in 2012 and 7?2016
 ESA Framework
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- selection of 2 missions first in phase A (among 17) in December 201¢
- launch by VEGAE around 2024
» Payload
- as for GRASP (DORIS, GNSS, SLR, VLBI)
- precise Hmaser clock synchronized by T2L2
- accelerometer ?
* Orbit optimization
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« Science enhancing
- Geodesy (Earth reference system and applications)
- Physics



Unification of reference frames
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G/Obal Geodetic Observing System Cartoon from M. Rothacher, ETH

Science concept ofGRASP/Eratosthenes including the space geodetic techniques
and thecorrespondingco-location concepts
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Parameters to be retrieved

Classification

Type

Parameter

‘VLBI GNSS SLR DORIS LLR
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Satellite orbits
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GNSS orbits
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Orbits (continuity and performance scenarios)

| GRASP scenario E-GRASP scenario

Perigeealtitude 925 km 762 km
Apogeealtitude 1400 km 7472 km
Inclination 100.2 63.4°
Nodevelocity .98 deg./day (SSO) -.97 deg./day
-2.35 deg./day Frozen at equator
109 mn 178mn

Criterion GRASP |EGRASF

Multi -technique visibility (% of seven days) 36.3% 79.3%
Mutual visibility f o%ofséteBdays) EEIAIR I IECYAE

Number of passes per day for all stations 2 3

Mutual visibility for GPS (% of seven days) 100.0% 99.4 %

Empty sectors over four weeks (mean value) 71.1% 51%

Total radiation dose over thregears (with 1cm Al shielding) 5.9krad 5.3krad




VLBitransmitter

L] RSB MWM Circuit Omni-directional
| ESE:;;:";;E:"‘“E”‘TEJ nff-ihe-she{/_&:ﬁpterma
Key microwave circuitry in the Loop .
VT is inherited from the GRAIL Fller
RSB (green shading) and the Synh
GRAIL TTS transmitter (blue | _
shading). The antennas (no Modulator Driver |
. . . ; | 20.456 MHz Clock
shading) are existing flight TG/ moc w020 I
hardware available to-ERASP. PODRIXmedulation -

Omni-direchional
off-the-shelf antenna

The Modulation Drivers | Modulator Driver |

(mauve shading) will be added
as an engineering change. Loop T
piter | (G —

Spacecraft Tracking Rates

1.0

B (0755x7465
. (925x1400

Nearly 90 % of observations for the proposed E
GRASP orbits require tracking speeds no larger
than 0.1 degrees per second and can therefore
be supported by all IVS VLBI stations.
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GNSS

PODRIX is a muttonstellation (GPS & Galileo) mdiequency (L1/E1, L2 and L5/E5a)
GNSS receiver platform from RUAG Space GmbH which is currently under developmer
be qualified in 2016. PODRIX is a direct continuation of the RUAG Spac&leg§aty
GP$&eceivers for Precise Orbit determination (POD), which are used on many Europear
missions such as SWARM, SENTINEL 1,2,3 A/B, EARTHCARE
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Identifier number of the visible space vehicles along the orbit with

one zenith antenna over 12 hrs. A GNSS space vehicle is conside

as visible in case the received carrier to noise ratio on L1/E1

exceeded the 27dBHz, which corresponds to the acquisition

threshold of the RUAG GNSS receiver (credits RUAG 9




DORIS

1 HighprecisionCNE®opplermeasuremensystem(accuracy< 0.3 mm/s)

1 Upto 7 dualfrequencychannels
1 Routinehigh precisionmeasuremenimodereachedautonomously
{1 Directimpacton nextaltimetric missiondrackedwith DORIS

1991 1995 1999 2003 2007 2011 2015 2019
O ___spOT2

OfCles Topex-Poseidon DORIS receiver box and anten
COHELIE SPOT4 OO
SRl Jasonl

ON@I=  Envisat
D GG ONGIGE SPOT5 |

©OSCO=I Jason-2/0STM.

Future missions OO I Cyosat=20
® Orbit determination @ |  HY-2A | HY-2B |
OEarth gravity field OO Saral/Altika |
© Earth rotation ©®@®0& =l Jason3 |
= Positioning ®* &= Sentinel-3£
(%0n-board orbit determination | Sentinel-3B |
©Time tagging @MNOSH| Jason+CS

OO =ISWOT
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SLR and T2L2ime Transfer by Laser Link / OCA)

11 ringswith a total of 245cubes radius
of the arrayabout 10 cm because of
< Retro different velocity aberrations between

reflectors @Pogee (3Qurad) and perigee (6Qrad)
as proposed by GFZ

0.5 kg

4 kg

50x50x100 mrh
150x150x150 mfh
30 W

532.1 nm

Single photon

28°

Photo detection Standard 20psRMS @ single
deviation photon

Event timer Standard Deviation RN

Board event timer: tb -\

Satellite

Pulsed laser

| Emission event timer : te
 Reception event Timer: tr

Ground Laser Station

Principle: forevery laser pulse, the laser
station measures the start epocpdnd

the return epocht, after reflectionon the
satelliteretroreflectors The T2L2 payload
records the arrival epoch eboardt,

T2L2 flight model (part B) designed for Jazcmilslsion



Mini PHM

Specification Mini-PHM
Output Frequency 10.00285741 MHz (fH/142)

Mini-PHM derives from PHM
(Passive Hydrogen Maser)

+ 7dBm (Main and Auxiliary

technology already in flight in |©OuteutLevel outputs)

the frame of Galileo Global . < 1x10-4 after 1 week
. . Frequency Drift (/Day) e

Nawgatlon System. < 1x10~1> after 30 days

< 1x1012x 1-Y2 max

Allan deviation (1s<1<10%s) 2 5l s 2 et

Freq. sensitivity to temperature <1 x1015/°C

Freg. sensitivity to Main Bus Voltage < 3x1015/V

Dimensions 210 x 485 x 218 mm
Mass 12 Kg
Main Bus Voltage 50V = 1V

<54 W at -5°C baseplate

SO COMEMIRIED (1) <47 W at +10°C baseplate

Qualification Temp. Range - 15°C to +20°C

Lifetime (MEO Orbit) >12 years

1 6.5x1013
LeonardeFinmeccanica 10 1.4x10-43

100 6.3x10-14

1000 2.2x10-14




Instruments characteristics and TRL

turer ko W Performance Heritage
Laser Retre GFZ / ASI/
Reflector INEN @ 200, h 10( 1 - 1 mm PN-1A 7

: Swarm
GNSS receiver 280x240x81 3 .
GNSS antenna (b $200,h87 8 L9 45 [ Seuinel, &
Earthcare
DORIS receiver TSA 388x366x17:< 18 22 3 mm/s Sentinel3,
DORIS antenna @ 160, h 427 2 ' Jason
VLBiTransmitter 190x210x6C 3
Sband antenna [RIxd® 100x100x6€ 3 10 1 mm GRASP 6
X-band antenna @ 44, h 20C A4
50x50x100 0.5
T2L2 OCA 150x150x15¢ 45 30 100ps Jasonr2 4
OUYwith Leonardo/  210x485x21¢ " :
redundanc Spectratim 24 e CelliEe 6
54.8 133
Micro-STAR ONERA 12 12 1011Yk a Kk K | RAICIE 4

OCE
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Mission architecture

Mission requirements

High elliptical orbit with enhanced
observations opportunities.
Multiple payload to drastically
improve TRF knowledge with
multiple application

YVVYV Y A4

YV V V

Satellite

Instruments & Star-Trackers on a
dedicated Payload Module
Recurrent radiation-shielded Solar
Array (SA)

Platform Proteus150 with structure
adaptation to support the Solar
Array

Satellite dry mass < 500 kg
Attitude Control : reaction wheels
Uncontrolled reentry : lowering
perigee with chemical propulsion
TMI & TTC : S-band

Scientific data 220 Mbit/day

Yaw Steering to optimize power
along the orbit

Star-

Payload Module

Proteus150 product line

Trackers

YVVVY

Mission

High elliptical orbit : 762 - 7472 km
Inclination 63°

5 years lifetime

Launch in 2024

YVVVY

Launcher

VEGA-C main and only passenger
Compatible with VEGA Fairing
Direct injection

Ground Segment

Flight Operation Segment in ESOC
Payload Data Ground Segment

Recurrent High Radiation
shielded Solar Array

Instruments
DORIS » LRR/SLR
VLBI » GNSS
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EGRASP challenges and recommendations

A Improving the TRF passes by a unique system, integrating all space geodetic
techniques on one platform, with orbit and calibration optimized, in order to meet
the presentday scienceequirements

A The TRF available today needs an improvement by a factor of 5, as a minimum
(recent ITRF2014 results)

A Theaccuracy of the Terrestrial Reference Frame (TRF) impacts directly the orbit
determination ofaltimetric satellites and land motion estimation at tide gauges
and consequently the quantification of the sea level variations in space and time.

A More generally, global studies on the mass budget of the eactanratmosphere
system and on global tectonics require an accurate TRF.

A & 9 | ebBekations must become more precise. We require information about
current trends at a scale measured in millimeters to detect changes of the Earth
aeaidsSy S6A0K adzFFAOASY (O WISES GREpgbrRthe DN O 2
expert committee on "Global Geospatial Information Management H 1 M n



