ISSN 1407-7345

RTU lzdevnieciba



ISSN 1407-7345 print
ISSN 2255-856X online

Rigas Tehniskas universitates zinatniskie raksti

Scientific Journal of Riga Technical University

GEOMATIKA

GEOMATICS

2012/38

Galvenais redaktors Janis Strauhmanis




Galvenais redaktors:
Editor-in-Chief:
J.Strauhmanis, Riga Technical University, Latvia

Redkolégija:

Editorial board:

Maris Abele, Dr.sc.phys., Corresponding member of the Latvian Academy of Sciences
(University of Latvia)

Janis Balodis, Dr.sc.phys. (University of Latvia)

Modris Dobelis, Dr.sc.ing. (Riga Technical University)

Reiner Jiger, PhD (Karsruhe University of Applied Sciences (HSKA) — Germany)
Lubov Jankiv-Vitkovska, PhD (National University ,,Lviv Politechnic” — Ukraine)
Janis Kletnieks, Dr.hon.c. (Latvian Academy of Sciences)

Jazeps Lazdans, Dr.sc.ing. (Association of cartographers and geodesists of Latvia)
Bela Markus, Prof.,PhD. (University of west Hungary — Hungary)

Jiiri Randjérv, PhD (Estonian University of Life Sciences)

Donatas Rekus, PhD. (Kaunas University of Technology — Lithuania)

Editorial board address:

Department of Geomatics
Faculty of Civil Engineering
Riga Technical University

Azenes str. 16
Riga, LV-1048
Latvia

Tel. :+ 371 67089263

Fax: + 371 67089263
E-mail:strauhmanis@bf.rtu.lv
janis.strauhmanis@navigator.lv

https://ortus.rtu.lv/science/lv/science/lv/publications/search

© Rigas Tehniska universitate, 2012.gads
© Riga Technical University, 2012

Scientific Journal of Riga Technical University. Series: Geomatics are abstracted and indexed
in EBSCO, ProQuest and VINITI database.

Authors are responsible for correctness of the publications.

All rights are reserved. No part of this publication may be reproduced, stored, transmitted or
disseminated in any form or by any means without prior written permission from Riga
Technical University represented by RTU Press to whom all requests to reproduce copyright
material should be directed in writing.




Geomatics

2012

GOCE Mission and Data Processing

Madara Normand®, Diana Haritonova?,
2 Institute of Geodesy and Geoinformation, University of Latvia

Abstract. Since 2010 at the Institute of Geodesy and
Geoinformation, University of Latvia, the work on project
“EUPOS contribution to GOCE (Gravity Field and Steady-State
Ocean Circulation Explorer) mission” (ld: 4307) which was
approved by European Space Agency in 2008 is progressing. One
of the ESA’s Earth Observation Programmes is: The Living
Planet. The paper gives an overview of the GOCE mission, its
status on March 2011; as well as describes the GOCE’s three
main instruments, the GOCE data access and the processing
which has been carried out at the Institute of Geodesy and
Geoinformation.

Keywords: ESA’s Living Planet Programme, GOCE, data
access, data processing, precise orbit determination.

I. INTRODUCTION

European Space Agency (ESA) has been dedicated to
observing Earth from space ever since the launch of its first
meteorological satellite, Meteosat, in 1977.

One of the ESA’s Earth Observation Programmes is: The
Living Planet.

In Toulouse in 1995, the ESA Ministerial Council set the
course for the Agency’s Earth Observation Strategy and issued
a ‘Proposal for a European Policy for Earth Observation from
Space’, put forward jointly by ESA, the European Commission
(EC) and the European Organisation for the Exploitation of
Meteorological Satellites (Eumetsat). In January 1998, the
European Parliament voiced its very strong support for action.

Three fundamental objectives were set in Toulouse:

- developing our knowledge of the Earth,

- preserving the Earth and its environment,

- managing life on Earth in a more efficient way,
and the principle of two types of Earth Observation missions
was adopted: Earth Explorers for research, including the
demonstration of associated new observing techniques, and
Earth Watches, prototype operational missions serving the
operational applications oriented needs of market.

In response, ESA set up a Strategy Task Force and an Ad
Hoc industrial Working Group, which helped to establish the
‘Living Planet’ Programme.

The family of Earth Explorer missions is a result of this
strategy. Currently there are six missions in this category;
among them: the Gravity Field and Steady-State Ocean
Circulation Explorer (GOCE) and a further three undergoing
feasibility study [1].

GOCE was launched on 17" of March 2009 from Plesetsk
Cosmodrome in Russia. GOCE is the first core mission of
ESA’s Living Planet Programme.

GOCE is controlled from the European Space Operations
Centre (ESA/ESOC) in Darmstadt, Germany. The science data
is processed and archived by the Payload Data Ground
Segment (PDGS) located in ESA/ESRIN close to Rome, Italy.

Further data processing is then done by the High-level
Processing Facility (HPF), operated under ESA contract by a
consortium of European institutes, the European GOCE
Gravity Consortium [2].

The aim of GOCE is to measure the Earth’s gravity field
and to provide a model of the geoid with unprecedented
accuracy, determining gravity field anomalies with an
accuracy of 1 mGal (or 10° ms?), and the geoid to an
accuracy of 1 to 2 cm at a spatial resolution better than 100
km.

To obtain a sufficiently strong gravity field signal, GOCE
orbits the Earth in a sun-synchronous orbit.

The altitude of GOCE’s satellite orbit is about 260 km,
where the density of the Earth’s atmosphere is significant.
Therefore the spacecraft is specifically designed for
minimizing air drag forces and torques, and possesses the
capability to counteract the air drag in order to maintain the
orbit and cancel out non-gravitational forces. The actual orbit
altitude is chosen according to the current solar activity level.

Fig. 1. GOCE in orbit. [3]

Accurate knowledge of the Earth’s gravity field has a wide
range of applications.

Concerning the use of GOCE data products, five different
themes have been distinguished:

- Oceanography;

- Solid-Earth;

- Geodesy;

- Glaciology;

- Sea level change studies.

In project the “EUPOS contribution to GOCE mission”, the
emphasis generally is put on the use of data in geodesy.
Further plans involve the use of GOCE’s data for comparison
with a ground based observation data, for example GNSS
(Global Navigation Satellite Systems)/leveling data. The high
precision geoid model can serve for the studies of Earth crust
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movements and for unification of height systems between
EUPOS countries, using EUPOS - European Position
Determination System. The aim is to approach to the solution
attempts of GNSS determined height tasks [4] [5].

Il. GOCE MISSION STATUS MARCH 2011

The nominal GOCE mission’s lifetime was predicted for 12
months. Since early March 2011, the GOCE’s mission has
completed its second year of continuous operations.

As stated in the GOCE newsletter for March 2011 the
GOCE satellite and its payload are in excellent conditions and
operating nominally. The configuration of both payloads and
all satellite subsystem has remained unchanged, as well as the
orbital altitude of 254.9 km and the respective 61 days repeat
cycle have remained constant since launch.

The persistent low solar activity throughout 2010, the good
health of the power subsystem and the excellent thermo-elastic
stability of satellite and gradiometer have allowed to continue
science measurements during eclipse phases. Operating all
year round significantly increases the overall data return
compared to pre-launch planning, which foresaw hibernating
the satellite during eclipses.

Currently, measurement cycle #7 is being executed. The
individual measurement cycles are shifted with respect to each
other along the equator in order to decrease the distance
between ascending node crossings. An average distance of
ascending node crossings of 10 km has been achieved. The
advantage of this strategy, compared to longer repeat cycles
which would yield a denser ground coverage pattern, lies in a
reduced sensitivity to measurement interruptions due to
satellite anomalies [6].

I1l. GOCE INSTRUMENTS
GOCE satellite consists of three main instruments:

1. Electrostatic Gravity Gradiometer with three pairs of
accelerometers (EGG),
2. Satellite-to-Satellite Tracking Instrument (SSTI)
3. Laser Retroreflector,
described and represented below.

GOCE is the first spacecraft employing the concept of
gradiometry, i.e. the measurement of acceleration differences
over short baselines between proof masses of a set of
accelerometers of GOCE’s Electrostatic Gravity Gradiometer
(see Fig. 2).

Fig. 2. EGG - Electrostatic Gravity Gradiometer with three pairs of
accelerometers. [7]

Fig. 3. Satellite-to-Satellite Tracking Instrument. (SSTI) [8]

The EGG is used to measure high-resolution features of the
gravity field, while large-scale phenomena in the gravity field
are obtained through analysis of GOCE’s orbit as measured
with a scientific GNSS receiver on-board the spacecraft, the
Satellite-to-Satellite Tracking Instrument (see Fig. 3).

Fig. 4. Laser Retroreflector. [8]

One of the other main instruments of GOCE is a Laser
Retroreflector (see Fig. 4), which provides accurate
positioning for orbit determination and data products.

IV. GOCE DATA ACCESS

Due to the exceptionally low solar activity level in the first
half of 2009 as well as later most of the commissioning phase
period from March till September was spent lowering the
satellite orbit through natural decay to an altitude where the
average air drag would meet the envelope of the ion
propulsion based drag-free control system. The gradual decay
was halted at 254.9 km mean altitude in mid-September 2009
[9].

As a result of these manipulations, the first GOCE data set
covers the period from 01-11-2009 until 30-11-2009. It and
later GOCE data sets (until 30-11-2010) are available through
GOCE’s Virtual on-line Archive (VOA) or through ESA’s
Multi-Mission archive, EOLI-SA.

EOLi (Earth Observation Link) is the European Space
Agency's client for Earth Observation Catalogue and Ordering
Services.

Data on EOLI-SA are organized
screenshot is shown in Fig. 5.

in collections. A
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Fig. 5. GOCE SST_RIN_1b product selection in EOLI-SA user interface. [by authors]

Users can search the GOCE catalogue and submit orders
free of charge. Once a Category-1 project is accepted and/or
user registration is completed, and also the Terms and
Conditions have been signed, the ESA’s Help and Order Desk
will provide users with an EOLI-SA account with ordering
privileges [9].

Personal username and password for the GOCE’s Virtual
on-line Archive are the same as for EOLI-SA.

EOLI users receive, for each order, a link for downloading
the data via ftp, while Virtual Archive users can directly
download data through http, without the need of submitting
orders. EOLI interface offers, however, more flexibility and
tools for data selection in comparison with GOCE Virtual
Archive [6].

GOCE data set contains data from the three principal
sensors on GOCE: Star Tracker (STR), Electrostatic Gravity
Gradiometer (EGG) and Satellite to Satellite Tracking
Instrument (SSTI). The product types that contain this
information are:

1) SST_NOM_1b (nominal SSTI L1b product);
2) SST_RIN_1b (SSTI RINEX L1b product);
3) EGG_NOM_1b (nominal EGG product).

There is no dedicated Star Tracker product, as the “optimal”
attitude information is not based on star trackers only but on
sensor-fusion of the star tracker and gradiometer data. This
derives from the fact that the gradiometer is in fact also an
excellent attitude sensor (gyro).

The GOCE attitude information is therefore contained
inside the EGG_NOM_1b product.

All GOCE L1b products have a validity period of one orbit,
from ascending node crossing to the next [9].

V. GOCE DATA PROCESSING

According to the project “EUPOS contribution to GOCE
mission”, the work on GOCE data processing at the Institute
of Geodesy and Geoinformation at the University of Latvia
has been commenced.

Initially work started with the processing of LatPos and
EUPOS-Riga base station data. The processing is being
performed with the Bernese v5.0 software package.

The Bernese GPS Software allows computing precise orbits
for Low Earth Orbiters (LEOs) equipped with GPS receivers.
The software allows to process data from many kinematic
GNSS applications, including the kinematic and reduced-
dynamic precise orbit determination (POD) for GOCE. LEO’s
may be considered either as satellites, like GNSS but at lower
attitude, or as receiver, like ground stations but in orbit [10].

In order to process GOCE data, the guidelines for LEOs
data processing described in Bernese v5.0 software manual
were used.

The used data inputs and resulting outputs for GOCE
precise orbit determination with Bernese GPS Software are
listed below:

Inputs:

a) CODE high rate final clocks, 30-second values:
CODwwwwd.CLK;

b) CODE final orbits: CODwwwwd.EPH;

¢) Earth Orientation parameters — CODE final ERPs
belonging to the final orbits: CODwwww7.ERP;

d) differential (P1-C1l) code bases for satellites and
receivers: P1Clyymm.DCB,;

e) GPS satellite problem file: SAT_yyyy.CRX;

f) GOCE satellite RINEX observation data files
(SST_RIN_1b — SSTI RINEX L1b product);
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g) GOCE satellite attitude data (is necessary, but hasn’t available for the satellite, it should be selected in the
been used); field “LEO attitude”.
h) station information file: EXAPLE.STA,; 6. The screened phase observation files are used in
i) the coordinate file, which needs to contain an entry GPSEST to improve LEO orbit parameters. The
for the satellite, where coordinates may be zero; radiation  pressure  file  together
j) satellite information file: SATELLIT.I05; corresponding standard orbit (obtained in step 4) has
k) phase center file: PHAS_COD.105; to be introduced.
I) receiver information file: RECEIVER. 7. The improved GOCE orbital elements are introduced
in the input field “Update standard orbit” of the top
Outputs: panel of ORBGEN. The result is an improved

a) inertial (J2000) positions of center of mass of GOCE
satellite in Bernese STD format;

b) Earth-Centered-Earth-Fixed (ECEF) positions of
center of mass of GOCE satellite in SP3c format.

Currently, at the Institute of Geodesy and Geoinformation
the ionosphere-free observations in a zero-difference reduced-
dynamic filtering approach for GOCE precise orbit
determination are used.

The zero-difference approach requires estimation of zero-
difference ambiguities and epoch-wise clocks for the LEO and
the availability of high-rate (synchronous with LEO epochs)
GPS satellite clock offsets. Fortunately, the pre-elimination of
LEO clocks and ambiguities from the normal equation (NEQ)
system allows for efficient zero-difference processing [11].

The processing steps for GOCE precise orbit determination
with Bernese GPS Software are the following:

1. The import of a GOCE RINEX file is done with
program RXOBV3.

2. An initial orbit may be generated on the basis of
code observations using program CODSPP in
kinematic mode. Within this CODSPP run the
receiver clock is synchronized to GPS system time.
CODSPP writes estimated kinematic coordinates.

3. The resulting kinematic coordinate file has to be
converted to a precise orbit file with program
KINPRE.

4. From the precise file a standard orbit is computed
using program ORBGEN. The orbit integration has to
be based on a recent gravity field model EIGEN2.
The output consists of a STD orbit file and radiation
pressure file (RPR).

5. The screening of the phase data by using program
MAUPRP in zero-difference mode has to be
completed. This program performs cycle slip
detection and correction for the zero-difference LEO
ionosphere-free observations. If an attitude file is

10

standard orbit for the GOCE.

8. The screening procedure should be performed
iteratively repeating the processing steps from (5) to
(7). Usually, after the second iteration the screening
is finalized.

9. The reduced-dynamic orbit resulting from the last
update from ORBGEN is already of good quality
[10].

10. STDPRE program creates a precise LEO SP3c orbit
file from the updated STD orbit file.

The reduced-dynamic orbit may be selected as a priori
information and the screened phase observation files may also
be used for the determination of the kinematic trajectory [10].

VI. RESULTS

Unfortunately, it is not possible to process the GOCE GNSS
data using Bernese Version 5.0. The observation epochs of
GOCE are not at the full seconds but Version 5.0 is not
capable to handle correctly the seconds with fractions.
According the information from Bernese authors it will be
solved in programme Version 5.2.

Nevertheless, the work has been performed with Bernese
GPS Software v5.0 and data of GOCE initial and zero-
difference reduced-dynamic orbits has been obtained for the
period, where the observation epochs of GOCE are at the full
seconds (19-12-2009 — 20-12-2009). This data is obtained as a
space-based solution; it means that GOCE orbit determination
has been performed without ground station observations.

Coordinates of the GOCE initial orbit have been imported
to the MicroStation V8i for orbit better representation (see the
Fig. 6).

The result data of zero-difference reduced-dynamic orbit for
GOCE has been obtained without attitude characteristics,
because Bernese GPS Software Version 5.0 does not support
at the moment the GOCE attitude data format. That is why
obtained data can contain some inaccuracy. This will be
solved in the nearest future.
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Fig. 6. GOCE initial orbit visualization (data with 30 sec interval):
a) 1 h 30 min time span;
b) 23 h 10 min time span;

¢) 23 h 10 min time span, view from the top. [by authors]

VI1Il. CONCLUSIONS

Preparation for GOCE data processing has been started in
October 2010. The problem, which stopped workflow for a
few months, was incomplete compilation of the Bernese GPS
software. Then it was successfully solved.

Unfortunately, it turned out that it is not possible to process
the GOCE GNSS data with Bernese Version 5.0, because the
observation epochs of GOCE are not at the full seconds.
Nevertheless, the work has been performed with v5.0 and data
of GOCE initial and zero-difference reduced-dynamic orbits
has been obtained for the period, where the observation
epochs of GOCE are at the full seconds.

The result data has been obtained without GOCE attitude
characteristics, because Bernese GPS Software Version 5.0
does not support at the moment the GOCE attitude data
format. This will be solved in the nearest future.
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Madara Normand, Diana Haritonova. GOCE misija un datu apstrade

Kops 2010. gada Latvijas Universitates Geod&zijas un geoinformatikas instittita notiek darbs pie projekta “EUPOS contribution to GOCE mission” (Id: 4307),
kuru 2008. gada apstiprindja Eiropas Kosmosa agentira (EKA). Projekta “EUPOS contribution to GOCE mission” galvenais uzsvars tiek likts uz datu
pielietosanu geodézija. Talakie plani ietver GOCE datu salidzina$anu ar Zemes staciju novérojumu datiem, pieméram, GNSS (Globalas navigacijas satelitu
sistema) vai nivelé8anas datiem. Augstas precizitates geoida modelis var kalpot Zemes garozas kustibas pétljumiem un augstuma sistému sasaistiSanai starp
EUPOS valstim, izmantojot Eiropas Pozicijas noteiksanas sistému (EUPOS - European Position Determination System). ST projekta Tstenosanai tika izpé&titas
GOCE datu iegtisanas iespgjas, taja skaita datu lejupielade no GOCE Virtuala arhiva (VOA) un datu pasitisana, izmantojot EOLI-SA interfeisu. Tika izanalizétas
Bernese GPS Software Version 5.0 opcijas GOCE datu apstradg, ka arT ieglitas GOCE aptuvenas sakuma un dinamiskas orbitas. GOCE datu apstrades gaita tika
konstatéts, ka Bernese programmatiiras versija 5.0 nav pielagota GOCE datu atpazisanai; galvena probléma ir tada, ka GOCE RINEX novérojumu failos epohas
satur nevis veselas sekundes, ka tas parasti ir bazes staciju novérojumu failos, bet sekunzu dalas, kuras Bernese programmatiira nespgj korekti identificat. ST
probléma ir atrisinama ar Bernese programmatiiras versiju 5.2, kura p&c aktualas informacijas tiks izdota 2011. gada beigas. Neskatoties uz to, darbs netika
partraukts, un GOCE orbitas datu aprékinam tika atrasts un izvéléts laika posms, kura GOCE novérojumu epohas ir ar veselam sekundém. GOCE orbitas tika
noteiktas bez satelita pozicijas datiem, kuri satur informaciju par satelita asu izvietojumu inercialaja telpa, kas samazina precizas orbitas noteiktibu. So problému
ir iesp&jams un ir planots atrisinat, pielagojot Bernese programmatiru ta, lai ta atbalstitu GOCE pozicijas datu formatu. legiitas GOCE orbitas koordinatas balstas
uz ta saukto kosmisko risindjumu, kura netiek izmantoti Zemes staciju novérojumi. Turpmakais mérkis ir vérsts uz LatPos bazes staciju un GOCE satelita
novérojumu datu integréSanu.

Mapnapa Hopmanp, /Inana Xaputonoa. Muccusi u o6padorka nannbix cmytauka GOCE

C 2010 rona B MHCTHTYTE reone3nn u reonnpopmaruku Jlatsuiickoro yHusepcutera Benérest pabora Haj npoekroM “EUPOS contribution to GOCE mission’
(1d: 4307), xoropsiii Obu1 yrBepskaéH Eponeiickum kocmuueckum arenctom (EKA) B 2008 roxy. B mpoekre “EUPOS contribution to GOCE mission’
IJIaBHBIH aKLEHT HANPAaBJICH HA NMPHMEHCHHE NAHHBIX B reoje3uy. JlanpHellne miaHbl BKIIOYAOT B ce0s cpaBHeHHe AaHHbIX crnyTHHKa GOCE ¢ gaHHbIMU
HaOJII0JICHUI Ha3eMHBIX CTaHLUi, Hanpumep, ¢ nanabiMu GNSS (Tobanvras Hasueayuonnas Cnymuukosas Cucmema) Wi HUBEITHPOBAHKS. BBICOKOTOYHAS
MOJIENb TEOMJa MOXKET CIYXHUTb JUIS HCCIEIOBAHMH NBIDKCHHS 3€MHOH KOPBI M JUISl COCAMHEHHS CHUCTEM BBICOT Mexay crpaHamu EUPOS, mcnonbsys
EBporelickyto cucremy Haxoxaenus nosuruu (EUPOS - European Position Determination System). [lis ocyiuecTBieHHs 3TOrO IPOEKTa ObUIM M3yYeHbI
BO3MOXKHOCTH JIOCTYTIA IAHHEIX, B TOM UHCIIE 3arpy3Ka JJaHHBIX ¢ Bupryamsroro apxusa GOCE (VOA) n 3anpoc mnarHbIx ncnonbs3yst naTepdeiic EOLI-SA.
beun mpoananusupoBansl omiun Bernese GPS Software Version 5.0 mmst o6pa6otku nanasix GOCE u momydeHbl HavyaidbHble MPUONH3UTENbHBIC H
nmunamudeckre opoutet GOCE. B mpomnecce o6pabotku manubix cnytHiuka GOCE 6bL10 KOHCTATHPOBaHO, 4TO Bepcws 5.0 MpOrpaMMHOr0 oGecredeHust
Bernese ne pacrosnaér nanneie GOCE; rmaBHas nmpoGiiema 3aKIIFogaeTcsi B TOM, 4To 3moxu B (aitmax Hadmonernit GOCE ¢opmara RINEX cozmepixar He
LIeNIble CEKYH/IbI, KaK 3TO OOBIYHO NPHUHATO B (ailyiax HaOMIOAEHUH CTAHIMH, a APOOHBIE CEKYH/Ibl, KOTOPbIE HE MOTYT ObITh NPABUJIBHO MIACHTU(DHUIIUPOBAHBI
MporpaMMHbIM obecmiederneM. DTa mpobieMa paspelmnMma B BEPCHH 5.2, KOTOpasi 10 akTyanbHOW HH(popMauuu Oymaer BeimymieHa B kouue 2011 roma.
Hecmortpst Ha 3T0, paboTa He ObUIa TIpepBaHa, U I rmoucka naHHbIX opout GOCE ObuLT HalifieH W BHIOpaH NepHO BPEMEHH, B KOTOPOM SHOXH HaOJIF0IeHHI
GOCE - ¢ uemsivu cexkynpamu. Op6utet GOCE 06bUiM MONyYeHbl HE HCHONB3Ysl JaHHbIE O TMO3WIMH CIYTHHKA, KOTOPBIC COAEPXKAT HH(OPMALHMIO O
PAcCIONIOKEHHH OCeil CIYTHHKA B MHEPIUAIBLHOM IPOCTPAHCTBE, YTO YBEIMYMBACT MOTPEIIHOCTh TOYHOH OpPOHTHL DTy MpOoOIEMy BO3SMOXKHO, a TAaKKe
IUTAaHUPYETCs pa3pelluTh IPHCIIOCOOUB MporpaMMHoe obecriedeHne Bernese Tax, 4To0s! oHO moieprkuBaino ¢popmar naHasix GOCE o nosumumn. ITomydenHsie
koopauHatsl opbutst GOCE 6asupyrorcst Ha, Tak Ha3bIBaEMOM, KOCMHYECKOM PEIICHHWH, B KOTOPOM HE HCIONB3YIOTCS HAONIOICHUS HAa3eMHBIX CTaHIUH.
JlanpHeiimiass  1enp  HampaBieHa Ha  WHTETPALlMI0  JaHHBIX  HaOmofeHus 0a3oBbIX  craHimit cuctembl LatPos wu  cmyramka GOCE.
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