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WIRELESS for VISITORS
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IGS Welcome, Goals, Strategies, Workshop Objectives

Urs Hugentobler

Technische Universitat Miinchen, Munich, Germany

)4

The IGS Workshop is our opportunity to review tlehiavements and highlights in the
past years and to discuss our focus areas, dinscéind challenges. The plenaries, poster
sessions and splinter meetings cover all activitfethe 1IGS with a special focus on the
M-GEX experiment and real-time activities. The diyabf data, products and servicgs
are continuously improved. IGS is transforming iateruly Multi-GNSS Service in th
coming years. M-GEX focuses on the challenges @$ thansition in terms o
understanding of equipment and signals, biasea,fdanats, and data analysis. IGS
issue a Real-time Service supporting public-bengbplications such as geophysical
hazard monitoring and warning systems by providipgnly available, global real-ti
GNSS products. This welcome presentation shallreuthe objectives of the Workshop
and address the goals of the IGS and strategiesogatpto expand the quality and
reliability of its product portfolio in a changif@NSS landscape and growing interest in
real-time applications.




The International GNSS Service (IGS): The Secretsf@ Success and the Challenges

of the Future
Gerhard Beutler
Astronomical Institute, University of Bern, Switfamd

)4

The essential stages of the development of the f@® the first plans at the I1A(
Scientific Assembly 1989 in Edinburgh to the strthe official service and the wor
since that time are briefly reviewed.

We then make the attempt to answer a few importamestions: Why did the 1G
becomea success? Why was it stable? Will it remmtable in future? Why was it n
replaced by a more efficient commercial service?

What are the challenges of the future? Are multiSSN real time orbit & clocl
determination, and LEO orbit & gravity field detaémations the essential challenge
Has the IGS learned lessons, which would be impofftar the further development
GNSS? Does the IGS, e.g., have good argumentktfmaaccelerometers and/or inte
satellite links on the next generation of GNSSI|Bts?

It will be challenging to address all these fas@irgaissues in just about 20 minutes. T

s?
Df
lr‘-

he

attempt will be made.




IGS Classic Products, Status and Towards the Future

J. Griffiths and K. Choi
NOAA/NGS, Silver Spring, Maryland, USA

)4

The International GNSS Service (IGS) continues ravide satellite orbits and clocks, statipn

available for real-time and near real-time use.t@oy to all other IGS orbit products, the |
Ultra-rapid orbit files contain 48 hours of tabutabital ephemerides, and the start/stop ep
continuously shift by 6 hours with each update. Tirst 24 hours of each IGS Ultra-rapid or
are based on the most recent GPS observationalTdaaiext 24 hours of each file are predi
orbits, extrapolated from the observed orbits. Nalyn the predicted orbits between 3 an
hours into the second half of each Ultra-rapid tofibe are most relevant for true real ti
applications. All other orbit products contain otitg 24 hours from 00:00 to 23:45 UTC.

The IGS generally aims to provide ~1 cm orbits ahdnm terrestrial frame products to meet
most demanding user needs. While the goal has etobgen met, the IGS has made g
progress. Ray and Griffiths recently reported th&t IGS GPS Final orbits have an accur

time-varying rotational misalignment of the orbifedmes (Griffiths and Ray, 2009; Gendt et
2010; Griffiths et al., 2012). Orbit mismodelingsalcontributes to these errors. Sub-daily
and draconitic errors in the GPS orbits are largelysed by errors in the IERS diurnal and semi-
diurnal EOP model (Griffiths et al., 2011). For mapplications, the user of IGS orbit produgts
will not notice significant differences betweenuis obtained using the IGS Final and the IGS
Rapid products. IGS weekly realizations of the comat terrestrial frame have accuracies of|~2
mm in each orthogonal horizontal component and b im the vertical. The errors in the
terrestrial frame probably arise mainly from inadacjes of the GNSS tracking stations,
including the presence of uncalibrated radomesy-fidd multipath effects and equipment
changes, and mismodeling of tropospheric and idmerép propagation delays. Many of thgse
outstanding issues are indeed the focus of thesk&®nd reprocessing (i.e., IG2) campaign,|the
processing for which could be underway by early20flall model changes intended for IG2 are
in fact made, then the orbit and terrestrial fraeners should be reduced. However, there is
currently no plan for a new IERS sub-daily EOP nhamtefor mitigating inadequacies of the
tracking stations, so one should temper their egpieas for these aspects.

HH



IGS Products for GNSS Applications
T.A. Springer
ESA/ESOC, Darmstadt, Germany

)4

The IGS is committed to providing the highest qyatiata and products as the refere
for all Global Navigation Satellite Systems (GN@$¢plications. The IGS serves a wi
range of user communities, in particular Earth rsmee research, multidisciplina
applications, and education. The IGS provides biiarapidly available, and highl
accurate GNSS satellite orbit and clock soluti@mvenient access to the Internatio
Terrestrial Reference Frame, and a number of gifeetucts including global ionosphe
maps. The IGS products are in constant developm#r@snetwork is getting “bigger
the products are getting “better”, and the delivefryhe products is getting “faster”. Tk
key driver for the IGS has been, and still is, tirieendly competition”, which is kep
“alive” by the continuous IGS product comparisonsl @ompletely open availability ¢
this quality control mechanism.

The IGS is faced with significant challenges in tiear future! The GNSS world
developing very rapidly with the advent of the Eagan Galileo, the Chines
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Compass/Beidou, and the Japanese QZSS GNSS syatehthe enhancements of the

existing GPS and GLONASS systems. These develogmaitt change the GNS§H

landscape dramatically. Consequently the IGS walfdcing many challenges if it wan
to successfully fulfill its mission of providingéthreference for all GNSS applications.

We are convinced that the IGS is in an excellergitpm to face and address t
challenges offered by the rapidly evolving GNSSIkrape and we are confident that
IGS will remain able to respond to the ever inciegsieeds of its customers. But
implies that the IGS will have to take an activieenm ensuring proper standardization
the huge amount of different observation types eodesponding products that w
(have to) become available (MGEX campaign). Th&spntation gives a brief overvie
of the current status of the IGS product spectrachthe direction in which it will (hav
to) evolve to remain the reference for the futudeb@l Navigation Satellite Systen
landscape.
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The IGS Multi-GNSS-Signals Tracking Campaign MGEX -Planning, Status,
Perspectives

R.Weber

)4

Due to current modernization programs the exis@hgpal Navigation Satellite Systems
(GNSS) such as GPS and GLONASS already have, dhthuwnch, new generations of
satellites which provide additional signals to defi better accuracy, reliability and
availability of positioning. The Galileo system asrrently represented by its first two
IOV-satellites and will be upgraded by the schedildeinch of two more IOV—satellites
planned in late 2012 as well as 14 FOC satellited 8014/15. Furthermore, is China
building up its own GNSS, known as COMPASS/BeiDohjch consists both of GE
and MEO satellites providing global as well as oegi services. Japan’s Quasi-Zenith
Satellite System (QZSS) offers overlay servicestha Asian-Oceania region, but with
special focus on users in urban and highly maskeaka

The IGS is deeply involved in GNSS tracking, analyand production of products for
applications requiring the utmost accuracy. TheviSer provides the highest quality
GNSS data and products in support of the terréstei@rence frame, Earth rotation,
Earth observation and research, positioning, n&aigand timing and other applications
that benefit society. Up to now IGS operations hfneised solely on signals provided
by the GPS and GLONASS systems. In future IGStake advantage of further satellite
navigation systems. To facilitate this endeavoest tampaign has been launche
order to expand tracking capabilities and to suppmproved GNSS data analysis
capabilities. This campaign shall encourage datdyats to investigate the quality of the
measurements made using the new signals and teetjabbf processing multiple GNSS
data sets. The campaign is also to be viewed asamsnof fostering participation and
cooperation with international space agencies asédarch organizations.

This presentation will review briefly the plannipgocess of the Multi-GNSS-Signals
Tracking Campaign MGEX and deal mainly with its remt status. Furthermore
perspectives concerning a potential prolongatioMG&EX as well as the anticipated
further outcome in terms of data analysis, bendbtsalready exiting and new IGS
products and the mid term transition to a reguf@at Imulti-GNSS network will b
discussed.

#4



Challenges for Data Centers Supporting the Multi-GNS Experiment
Heinz Habrich,Bruno Garayt, Carey Noll

)4

With the IGS Multi GNSS Experiment (M-GEX) thereisar additional challenges for
Data Centers (DCs) to support the new satelliteswdiations such as Galilep,
COMPASS and QZSS that are going to be deployediditian to the fully implemented
GPS and GLONASS. With these new satellites, newasitypes and frequencies arrive,
which have not been considered in the legacy datadt standards. The CDDIS, IGN,
and BKG DCs are now supporting the M-GEX and muastsader the requirements for
M-GEX DCs, extending their operational structuned @evelopments required for data
editing and quality control tools while maintainirtgeir archives for users of the
operational IGS data sets.
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MGEX Data Analysis at CODE - First Experiences

L. Prange, R. Dach, S. Lutz, S. Schaer, M. MeiAdlJaggi

)4

The Center for Orbit Determination in Europe (COD&)contributing as an analysis
center to the IGS since many years. The procesgi®@PS and GLONASS data is well
established in CODE's ultra-rapid, rapid, and fipralduct lines.

In February 2012 the IGS has started its "Multi @&NBXperiment" (MGEX), which i
also supported by the CODE analysis center. Upote about 30 IGS stations provigle
RINEX files in different versions containing notlgmlata records of the well-established
GPS and GLONASS but also of new GNSS currentlydessembled. The analysis |of
MGEX data can be seen as a testbed for introdubegew GNSS into CODE's regular
processing.

We will give a summary of the MGEX RINEX raw dateonitoring at CODE and
address some issues such as RINEX header incomsesteand data format issues.
Furthermore, the first results of a three-systerRIGGLONASS, Galileo GIOVE and
IOV) data analysis by a prototype for an operatiaapid processing routine will be
presented. The obtained GPS and GLONASS orbitsdoeitompared to the CODE rapid
products. GPS, GLONASS, and Galileo orbits wilMa¢idated by long-arc orbit fits and
SLR measurements.

An outlook about CODE's future multi-GNSS actistide.g., inclusion of further
satellite systems, ambiguity resolution, handlifidbiases, extension to further product
lines, adaptations of our Bernese GNSS Softwarkkpeiprovided.

#%



GNSS Bias Analysis at Shanghai Astronomical Obsertary
Junping Chen, Haojun Li, Xiao Pei, Yibing Xie, YiZhang, Xiaogong Hu, Bin Wu
Shanghai Astronomical Observatory

)4

Since February 2012, the International GNSS Ser@iGS) starts the IGS M-GEj
(IGSMulti-GNSS Experiment), which focuses on trakithe newly availableGNS
signals and to determine intersystem calibrati@sds. As a participants of the IGS

GEX, we combine the observations of COMPASS statiarChina and the Multi-GNS
stations from IGS M-GEX. Multi-GNSS benefits useithvmore observing satellite
however, complicated bias issues have to be addtessorder to achieve improve
Positioning, Navigation and Timing performance.sThaper presents results of the in
system bias (ISB) between GNSS systems and thefretguency bias (IFB), includin
the newly L5/L2C frequencies, of GPS Block IIF déts and COMPASS satellites.

The inter system bias is the hardware delay iniR&MSS receivers, which varies wi
time. It is different for each receiver but appetosbe similar in the same receiy
groups. The inter system bias between GPS and GLEBNgystem is routinely analyz
at the GNSS Analysis Center at Shanghai Astrondn@servatory (SHAO) based ¢
combined GPS/GLONASS solutions. We present the GESNASS inter system bia
time series at each multi-GNSS station and denmpirecal model for the prediction ¢
the ISB. As a system status indicator, we derige #ie time offsets (TOs) between G
and GLONASS system in our routine GPS/GLONASS aislyFrom the TO timg
series, long term and short term periodical sigrams detected and a model for {
prediction of TOs is presented. The precise preiaaf GPS/GLONASS time offset ar
inter system bias have been applied to Multi-GN8S8itfpning. Positioning results usir]
our ISB and TO products in kinematic and static enodnfirmed the improvement of tf
positioning accuracy.

Using the data of IGS M-GEX, we determine the iftequency clock bias (IFCB
which is defined as the difference of the two igiwse-free (DIF) phase observati
combinations (L1/L2 and L1/L5). Usingdata of 18tistas from the IGS networ

spanning 96 days (DOY 224 to DOY 319, 2011),IFCBs the two GPS Block IIF

satellites were determined. For the determinatiob@@MPASS satellites’ IFCBs, data
5 stations spanning the whole year 2011 is analyaedstudy the IFCBsfeatures of G
Block IIF satellites and COMPASS satellites. Peidativariations of the IFCBs of GP
PRN25, PRNO1 and COMPASS GEO, IGSO satellites mausised in detail. Empirica
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models are developed for the prediction of IFCBs.
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Real-time Stream Conversion to RTCM-3 MSM and RINEX3 in IGS/MGEX
Context

Georg Webér Gerhard WiibberiaKen MacLeod, Leos Mervaft, Oliver Montenbruck Dirk Stockef,
Tomoji Takas

BKG
2Geo++
3NRCan
‘CTU

°DLR
®Alberding
"Univ. Tokyo
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When IGS decided in August 2011 for the Multi-GNE$periment (M-GEX), it was
foreseeable that we would not have an RTCM StanflardsNSS stream formats in
place. Instead we would have to handle streamsiiows proprietary formats, convert
them following a draft for RTCM’s Multiple Signal &sage (MSM) streams, and
translate these to RINEX version 3 files. In viefatlte approaching end of the M-GEX
campaign which is scheduled for August this ydas, time to summarize our efforts.

Which agencies and reference stations participatdiGEX with real-time GNS$
streams? Which manufacturers and receiver typelsl ceuinvolved? Which proprietany
stream formats are in use? Is getting proprietargam format documentation |a
problem? Are there problems with the proprietargah contents? What is the status of
MSM developments in RTCM? What is the status ofsghalignments in that? Besides
Galileo, are observations from COMPASS and QZSSesmible? Which tools are
involved in stream conversion? Which tools can beduto access M-GEX streams and
where can they be picked up? The presentation euilitribute to answering these
guestions based on latest experiences.
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The Real-Time Pilot Project and Transitioning to aNew IGS Real-Time Service
M. Caissy
Natural Resources Canada, Geodetic Survey Division

)4

The IGS Real-Time Working Group (RTWG) was estdidgdds in 2001 with the goal
design and implement real-time infrastructure arat@sses for the delivery of real-time
data to analysis centres, and the disseminatiaeaftime products to users. In Juyne
2007, the IGS announced the Call for Participatiothe IGS Real-Time Pilot Project
(RTPP) with a three-year target to accomplish mglg In December 2010 a new
consolidated charter was adopted for both the RTAMG RTPP with new goals for the
period 2011 — 2012. These goals are intended moodstrate that the IGS has the
capacity to offer real-time GNSS data and real-ti&RS orbits and clocks as part of a
new IGS Real-Time Service (RTS).

Under this joint framework, the pilot project haseb demonstrating existing real-time
capabilities while the working group has been feclsn enhancing and extending these
capabilities through the implementation of the reotendations from both the Miami
(2008) and Newcastle (2010) workshops. The prasientwill show the IGS’s state of
readiness to offer a RTS. The current plan tham iglace for transitioning from pilgt
project to official service will be highlighted.




Data Flow and Format Issues to Support a Variety of Real-Time
Services/Applications

Georg Webér Martin SchmitZ, Wolfgang Séhre Gerhard Wiibbera
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IGS announced the upcoming operation of a real-GNSS service. In the beginning

it

will comprise the dissemination of precise satelbrbits, clocks and code biases. The
intention is to maintain a service free from outagad outliers and deliver products in a

standard format so that manufacturers can finallylément their usage in firmware, e
for Precise Point Positioning.

The presentation shortly describes the RTCM Statec& Representation (SSR) stre
format and the Ntrip stream transport protocol usedisseminate our products over {
open Internet. It then introduces the real-timewoek of broadcasters dedicated

enable accessing them. The concepts in place tammm observation and produgt

outages in the data flow through redundant referestation and Analysis Cent
resources are explained.

Feeling confident about an uninterrupted IGS rgmétservice is one pre-condition f
making it part of receiver firmware. Following ampen data policy with access
products without registration is another one. Thesentation shows that the data fl
and data formats in place allow reliable world-wjg®duct access with low latenci
although based on best effort contributions in kihde BKG Ntrip Client (BNC) anc
Tomoji Takasu’s RTKLIB are Open Source tools thah de used for real-time PH
applications till broader firmware support of SSRssages is realized.

Future work may include real-time stations from I@8nsification networks likg
Europe’s EPN. Considering regional and local atrhesp conditions through addition
SSR messages could in the end make PPP an opiteralative to Network RTK.
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Current State of the IGS Network
Robert Khachikyan
JPL, IGS Central Bureau
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The IGS Network has increased with multiple new GNsations located at sparse
covered areas and a few decommissioned stations. ditcussion will include th
changes occurred over the past years, the issdesoagerns with the network and how
to work with the future of GNSS including real-tirdessemination of data.

y
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Availability and Completeness of IGS Tracking Data

S.LutZ, S.Schaér M.Meindi*, R.Dach

'AIUB: Astronomical Institute of the University &ern, Bern, Switzerland
swisstopo: Swiss Federal Office of Topography steiss, Wabern, Switzerland
)4

Timely availability of consistent GNSS tracking aats a basic condition for the

generation of best possible analysis products. |Bmm concerning availability and

completeness of IGS observation files are highighThe steadily increasing number| of
observation types is monitored for each indivicgtation (and each relevant GNSS). The
statistics show among others that the homogenéitye reported types is no longer
ensured.
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IGS Network Challenges: Data Issues, Stations, Netwk, and Multi-GNSS

Ignacio Romero

ESA/ESOC, Darmstadt, Germany

)4

The IGS products are based on stable continuousreiable infrastructure elements
such as data centers, station network, individdations, data formats, etc.  The
Infrastructure Committee aims to assist the GowgrnBoard and the Network
Coordinator in analysing and making recommendatimn&nsure the IGS necessary
infrastructure is improved and stays as currentws®lul as possible. This presentation
will go through some of the important infrastrueturhallenges and how the IGS|is
addressing them.
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The IGS: An IAG Service that Delivers

Chris Rizos

President of the IAG

)4

The International GNSS Service is one of the Sesvaf the International Association
Geodesy (IAG). Since its establishment in 1994, tB& has been a trailblazer in

number of respects. The IGS was the first of thehrijue-specific services, and

therefore pioneered many of the things that we take for granted in the operations

IAG services. These include a clear governancetsire, a well-defined product range,

strong support for important IAG activities, andysion of an invaluable service n
just to science, but also to society in generattHeumore, the IGS is an embodiment

the “virtues” or “culture” that the IAG is promotn international cooperatiomn

of
a

of

ot
of

engagement with developing countries, open dataips) federated/distributed geodetic

structures and analysis, increased support for ngranbservatory infrastructure, a

cutting-edge research. The IGS is also criticath® IAG’s Global Geodetic Observing

nd

System (GGOS) because the IGS will generate theduglity products that can address

the requirements for high accuracy positioning &meérnational Terrestrial Referen
Frame maintenance. However, the IGS does haveecigal$, similar to those of oth

Ce
r

geodesy techniques, in ensuring that its infrastinec its capabilities and its products are
upgraded to meet the stringent requirements of G@QSthe ever increasing demands
of its user communities. The IAG is proud of whiagé iGS has achieved, and logks

forward to the expansion of the IGS’s role in tlhening years.
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The Interactions between IGS and GGOS
Markus Rothacher
ETH Zurichinstitute of Geodesy and Photogrammetry

)4

Almost 10 vyears passed since the Global Geodeticse@img Systen
(GGOS) was established as a pilot project duringe tf2003 UGG
General Assembly in Sapporo, Japan. During this etimperiod the
International GNSS Service (IGS) and GGOS were etjos interacting.
This presentation will give an overview of the st and future
of GGOS, review the relationship and interaction tween the
IGS and GGOS, and try to answer questions such hat ViGGOS expect
to gain from the IGS, what might be missing, and aiwviGGOS can offe
to the IGS in return.
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What does FIG surveyors expect in collaborative panership with IGS?

Larry D. Hothem , Mikael Lilje?, Robert Sarib

lus. Geological Survey, Reston, Virginia, USA

2Geodesy Department, Gavle, Sweden

3Survey Services, Dept. Planning & Infrastructuranin, NT, Australia
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The International Federation of Surveyors (FIGyespnts more than 300,000 surveyors
from more than 120 countries throughout the wowdth access through the member
associations as well as the national delegatesspective FIG commissions, it |is

possible for effective communication of technicaformation. FIG Commission
Positioning and Measurement, is the lead for FIGmaintaining an effective a
successful working relationship with the InternatibAssociation of geodesy (IAG) af

d
nd

the IGS. The activities of Commission 5 workin@gps share common interests with

IGS such as special emphasis attached to the gabatpects of reference frames an
strengthening the global geodetic infrastructuidormally, surveyors are interested

] in
in

conducting geodetic positioning surveys with GNSBewme the results are easily and

rapidly produced. Critically important is that tpeoduced coordinates meet requi
accuracies and are referenced to a definenati@iatence systemthat is aligned
aninternational reference frame. Surveyors rege@®y access to necessary informa
required to calculate the coordinates. To meet kedge needs of surveyors, such
awareness of best practices, IGS has an impordainm continuing collaboration wit
FIG, such as convening joint seminars and workshppstnering in development

technical sessions at FIG conferences, and in catpg with FIG with preparation @

red
to
ion
as
n
f

-

fact sheets, guidelines, and other appropriateigatinns.
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Multi-GNSS Service Provision: The Role of the Intenational Committee on GNSS

and Possible Contributions from the 1IGS
David A. Turnet
Office of Space &Advanced Technology, U.S. Departhu# State

)4

The International Committee on GNSS (ICG) has bexam important venue for bo
system providers and representatives of many GN&3 oommunities to discug
important issues regarding the civil use of muitigaitellite navigation systems. Forem
among these issues is the pursuit of improved @erfirom multiple systems throug
both complementarity and interoperability. Whilermpaaspects of service improveme
can be addressed through coordination among systewders and explotiation by th
receiver industry, there is also a potential roleifidependent monitoring networks su
as the IGS network. This possibility will be ex@drby the presentation, and additio
background information on the ICG, its history, atslcurrent activities will also b
provided.

th
5S

ost
Jh
Nt
e

ch
nal
e

GQ



The IGS Membership in the International Council of Science's World Data System

Ruth Neilar

11GS Central Bureau, Jet Propulsion Laboratory

)4

The international Council of Science has reorgahite multi-disciplinary bodies over
the past few years, resulting in the establishnoérst new World Data System (WDS).
This new body is an integration of scientific seed, mostly within 1AG, \'aOand world
data centers. This talk will provide an overviewtlod WDS, the accreditation process for
membership in WDS, why WDS is important, and \'aOtble of IGS and other 1A
services. A brief historical context will be giveand include links to other external
bodies.
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The International GNSS Service's Plans to Transitio from RINEX 2.1X to 3.0X:
Timeline, Procedures and Software Tools

Ken MacLeod, Loukis Agrotis, Ignacio Romero and M&chmidt

)4

RINEX 2.1X is currently the primary archival formagsed within the IGS and the GN$S
industry. However, since RINEX 2.1X was designedthe mid 1990s, primarily t
support GPS, it has proven difficult to extend RINR.1X to support new GNS
constellations and signals. As a result of thetsbanings of RINEX 2.1X, RINEX 3.0
was designed to provide generic and systematicastfip: GNSS constellations, signals
and observations. Given the needs of the IGS coritynand the strengths of RINE
3.0X, the IGS plans to support RINEX 3.0X.

It was understood by the IGS that the transitie@mfRINEX 2.1X to 3.0x has to be done
in partnership with the GNSS community. One offih& step in this transition occurred
in 2009 when the IGS joined the Radio Technical @sion for Maritime services-

Special Committee 104 (RTCM-SC104). The primaryeobye of joining RTCM-SC10
was to more effectively communicate the needs ef IBS community to the GNSS
industry and receiver manufacturers in particulince joining RTCM-SC104 the I1G
has contributed to the development of an open, rggriegh precision and multi-GNS
binary observation format called RTCM-Multiple SayrMessages (RTCM-MSM). The
RTCM-MSM format supports the creation of fully defd, phase aligned RINEX 3.0x
observations files. In 2011 the IGS and RTCM-SCiither agreed to jointly: manage
development and document the RINEX 3.0X formatisltbelieved that the synergy
derived by having RINEX within RTCM-SC104 will helmpth the IGS and the GNSS
industry orderly and efficient transition to RINEXOX. Further, to support the transitipn
to RINEX 3.0X the IGS/RTCM-SC104 RINEX Working Grous encouraging an
supporting the development of several open sowfte/are tools that will both convert
RTCM to RINEX 2.1X and 3.0X formats and providealgtality control measures.

With RINEX 3.0X support established and growingitow time for the IGS to define|a
multi-year plan that describes the steps thatiostaiperators, data and analysis centers,
analysis software developers and data users sptardor in the coming years.




Results from IGS Workshop on GNSS Biases, 18-19 Jaary 2012 in Bern

Stefan Schaéf

swisstopo: Swiss Federal Office of Topography stwi@s, Wabern, Switzerland
2AlUB: Astronomical Institute of the University &ern, Bern, Switzerland
)4

An IGS Workshop on GNSS Biases was organized oralbeli the IGS Bias an
Calibration Working Group (BCWG) from 18 to 19 Jamy 2012 at the University @
Bern, Switzerland. Nowadays, a multitude of anyet/mf GNSS biases is considel
relevant. We will give an overview (also referring results from this workshop
specifically of:

- GNSS differential code biases (DCB),

- CODE's DCB specialties (e.g., DCB multiplier esttion)

- GLONASS interfrequency code biases (relevant&6 clock estimation, or PPP),
- intersystem code biases,

- DCPB crucial for GLONASS ambiguity resolution,

- intersystem phase biases (or drifts),

- uncalibrated phase delays (UPD) relevant to @erdihced integer fixing for PPP,

- GLONASS-GPS station-specific intersystem tramstet as considered in CODE

GNSS analysis,
- IGS ANTEX model,

—

ed

- (GPS) quarter-cycle issue (still crucial).




WHU's Developments for the GPS Ultra-Rapid Productsaand the COMPASS
Precise Products

C.Shi, M, Li, Q. Zhao, W. Tang, Y. Lou, X. Dai, Au, H. Zhang, M. Ge, J. Liu.

GNSS Research Center at Wuhan University

)4

We present an overview of the recent developmentse processing of global GNSS
data including COMPASS data at the GNSS ResearatteC®f Wuhan University
(WHU). In the first part, we provide details of thieanges to the models and strategies of
the PANDA software for providing GPS ultra-rapidogucts to IGS, the new solution
based on the combination of the 6-hour normal eguaincluding orbit, clock and ERP
products, from Wuhan University are been evaluégdGS AC coordinator since Feb
3rd,2012.

In the second part, the precise orbit determinadib@ OMPASS Satellites with precise
positioning will be introduced. The 11th COMPASSvigation satellite was launched
successfully on Feb 25th, 2012, the initial navagatand positioning services in the
Asian-Pacific region have already taken shape. Reshow that the radial precision [of
the COMPASS satellite orbit determination is reaphto 10 centimeters. The RMS [of
the difference compared with GPS solution of thidydstatic PPP by only COMPASS
system can reach several centimeters.




Development of a New Combination Software

Tim Springer, Rolf Dach, Erik Schénemann, MatthBasker, Urs Hugentobler, Robert Weber, Adrian,
Jaggi, Werner Enderle

)4

As the situation with two fully operational GNSSHE and GLONASS) shows, the
contributions between the individual IGS analysienters (ACs) are quit
inhomogeneous regarding the included satellites systems (GPS, GPS+GLONASS,
GLONASS-only, all satellites, only healthy satelj. With the new systems this
problem will increase.

In this context an update or very likely a renewhlthe IGS combination software |is
unavoidable. The goal of this activity is a coremét multi-GNSS orbit and clock
combination by maintaining the present standardqadlity of IGS products. Th
principle for this development is the maintenanteresent products, whilst developi
and introducing new GNSS products, usable for @yitGNSS, frequencies and signals.
In addition the development of quality checking qadures for static and kinematic
positioning, including ambiguity-fixing aspects aspired.

In particular the clock combination will need artended bias handling. It must consider
the degrees of freedom for the biases betweenrsgstebservation/tracking types (for
each GNSS), and in case of GLONASS also the imgggency biases. An additional
challenge will be the fact, that some of the AGeady today provides satellite clock
corrections, that can be used for a PPP ambigegglution. A future clock combinatign

algorithm should not destroy such a characteristic.

The presentation will expose the identified requieats for the next generation |
combination software. Apart from the technical izstlon several scientific questions
have been identified during our discussions foratiecept. In a first study we will give

an example, based on the processing strategiesS@CEand CODE ACs for the

combined GPS/GLONASS products. The two solutionkbw compared and used for a
PPP to highlight the open questions and a potestiategy towards updated and ngw
IGS combination products.
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Experience from Multi-GNSS Network Processing
André Hauschily Peter SteigenberdeOliver Montenbruck Urs Hugentoblér
Affiliations:

'Deutsches Zentrum fiir Luft- und Raumfahrt (DLR) e@ifaffenhofen, Germany
?|nstitut fiir Astronomische und Physikalische GedelaBechnische Universitat Miinchen, Germany

)4

The presentation discusses the practical implinatiof multi-GNSS processing and
provides a summary of results obtained from datthefCONGO network. The main
focus will be on challenges and current limitatiafigorocessing new constellations such
as GIOVE/Galileo, QZSS, and COMPASS. Open issuesument IGS formats and
models will be discussed and needs for standardizadlentified to allow consister
processing across the IGS community.

—

4G



Mitigation of Unmodelled Non-Tidal Atmospheric Presure Loading into
Parameters of a Global GNSS Solution

Rolf DacH, Peter Steigenberdetohannes BoehimAdrian Jaegdi
!Astronomical Institute, University of Bern, Switizmd
?|nstitut fuer Astronomische und Physikalische Gesits, Technische Universitaet Muenchen; Germany

®Institute of Geodesy and Geophysics, Vienna Unitsec§ Technology, Austria
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It is an on-going discussion already since a lange twhether non-tidal atmosphetric

pressure loading (APL) corrections shall be applieding the processing of spage-
geodetic data or whether the obtained station ¢oatels are corrected afterwards by the
mean effect. Both approaches have pros and cons.

This study investigates the propagation of unmededffects into the system of results
obtained from a GNSS (Global Navigation Satellifst8ms) data analysis in a global
network scenario typical for the analysis centefshe International GNSS Service

(IGS). This assumes the analysis of a global nétwadr about 250~GNSS tracking

stations. Apart from station coordinates statioeedr troposphere parameters, Earth
rotation parameters and GNSS satellite orbit patarsere solved in a Least-Squares
Adjustment.

Two solution series have been compared one withtla@ather one without correcting
for APL directly on the observations. During th@gessing all applied APL-corrections
have been recorded which allows for a direct compar of the differences in the
obtained station coordinates with the sum of coivas.

As expected most of the APL-effect can be foundthia differences of the statign
coordinates between the two solution series. Bsb d@he troposphere and even the
resulting GNSS orbits differ between the solutienes with and without applying APL
corrections during the data processing.
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Summary of 2012 Global Geophysical Center Workshop
T. van Dam

)4

The International Earth Rotation and Reference é8yst Service’'s (IERS) Global
Geophysical Fluid Center (GGFC) provides the gaodedbmmunity with data and
models of geodetic effects (rotation, gravity, ateformation) driven by the temporal
redistribution of the Earth fluids, as well as imf@tion needed for geodetic observations
that are reliant on the state of the fluids. Thiestude fluid motions within the Eartl,
such as the core and mantle, as well as the motbrsurface fluids, e.g. oceans,
atmospheres, and continental water. Both tidalremdtidal domains are considered.

The GGFC is composed of four operational entitidee Special Bureau for the
Atmosphere (SBA, Chair, D. Salstein), the Speciatedu for the Oceans (SBO, Chair,
R. Gross), the Special Bureau for Hydrology (SBHaIC, J. L. Chen), and the Specjal
Bureau for the Combination Products (SBCP, Chairyan Dam). In addition to th
products provided by the Chairs of the Special Buse valuable products generated| by
the community are also made available through t6&G. There are currently 3 GGKC

Operational Product Centers that also contributbeédGGFC store of data.

Every so often the GGFC organizes a workshop tawa#in opportunity for the Special

Bureau Chairs, the GGFC Product Centers, and theCa@&er community to review the
structure and data holdings of the GGFC and to gpsrhmake suggestions for new
products. The previous meeting was held in 200d &d to a fundamental

reorganization of the GGFC structure. A particigaal of this workshop was to focus pn
assessing the errors in current environmental nsaaiedl to solicit ideas for overcoming
these limitations so that the data could be refialsed in geodetic and geophysical
analysis.

Thirty scientists from the geodetic community atteth the workshop with an agenda| of
20 presentations! In addition to a few short pnéstgons by the SB chairs, there were
presentations 1) reviewing some of the newly predoSGFC Provisional Products, [2)
comparing models with geodetic observations, 3)dgdo observations driven by flu
redistribution, and 3) a statement of current issaied future challenges for the GGFC
and geodetic community. The workshop program aruesoof the presentations are
available at: http://www.iers.org/IERS/EN/Organiaal\Workshops/Workshop2012.htm

The highlights of the meeting are summarized infoiewing recommendations:

Special bureaux should investigate forming intraeflweighted combined products (of
available models (including forecasts), in parirteestigate ways to quantify (relative)
errors of each model. However, this might compécafforts to from multi-fluid
products with full internal consistency (see below)

The GGFC should promote the development and uslrdmic barometer models and
products, especially for short-period (less tha@ gjlapplications.
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Greater availability of sub-daily product samplsigould be sought for all surface flui
(down to 3 hr or shorter).

Special bureaux should consider ways to move tosvadbption of common produ
formats (and delivery modes), at least for loadgri

Efforts should be made to reduce the latency ofatralability of the products required

for operational use (for example especially whesamac forcing is used). This might |
addressed by provision of suitable forecast pradifitheir accuracy is sufficient.

The GGFC angular momentum components should leaoiranunity effort to review
and elaborate recommended procedures and algorithammpute EOP excitations fro
geodetic time series, especially to ensure thefluedity for the high-frequency regime.

Apparent large discrepancies in surface hydrologQPEexcitations should be

investigated in view of the relatively better perf@ance of such models in computi

s

O

e

m

ng

local surface load displacements than for globgudar momentum variations. It seems

likely that large-scale time-variable biases in tmgdrology models might degrade

globally integrated products, like EOP excitations.
Working with the Technique Services and the gregésrdetic community, the utility ¢

="

load corrections in geodetic data reductions néeds much better quantified and put
on a sound statistical basis taking account of shcBNR values for the loads as a

function of sampling intervals.

Global mass conservation is one of the biggestesdacing the community. Mas
conserving system models (i.e. atmosphere+oceartetvaiorage) do not exist f
geodetic applications. The current solution isston different models. This leads
inconsistencies. Recommendation: Only modelsgkample ocean and hydrology) th
are forced by the same atmospheric model and camsihtinental discharge into tl
oceans should be combined to compute total effects.

At the same time, a much better understanding @intiture and magnitude of interr
measurement errors by all the space geodetic pabsiis needed, especially at sh
temporal samplings, if these are to be used taetalfluid-based load models.

It is our hope, that over the next few years theFG@nd its user community can ma
progress on many of these issues.
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Analysis Effects in IGS Station Motion Time Series
Paul Rebischung, Xavier Collilieux, Tonie van Dalim Ray, Zuheir Altamimi

)4

The Earth's loading deformations are an importanse of seasonal motions experienced
by permanent GNSS stations. Part of non-linearostahotion time series derived from
the IGS reprocessed products can thus be modeled ascombination of NCEP
atmosphere, ECCO ocean and LDAS surface water toadels. However, loading
corrected station time series still show significeesidual signals. We investigate here
how signals related to the GPS draconitic yearrdmute to those residuals.

Another means of tackling unmodeled IGS station ionst is to study inter-AC
discrepancies (i.e. differences between AC and d@8bined weekly station positions).
Geophysical signals should indeed cancel out ieriAC discrepancy time series,
leaving analysis related effects for interpretatidde will thus examine the spatio-
temporal evolution of those discrepancies.
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Investigation of Non-Tectonic Signals at GPS Statits
Charles Meertens, Henry Berglund, Christine Puskag,Frederick Blume,
UNAVCO

)4

Differentiation of tectonic signals from those dtee hydrologic loading, local site

motions, multipath, and other near-field effects baen a long-term challenge. Wh

ile

regional effects of water and snow loads have Iseenessfully modeled in the western
United States, optimization of monumentation ame design to minimize noise and cost

is a complex issue that has not been comprehepsidelressed.

Much of the annual to interannual variability iretHeformation signals observed in t
1,200 stations of the EarthScope Plate Boundarye®batry (PBO) can be attributg
either to the effects of hydrological loading orgmund water level changes coup
with poroelastic effects. In order to characterizery local site effects (such
monument instabilities) at these longer periods ifirst necessary to identify, and
possible model, these hydrologic effects. Whereumht surface loading effect
predominant, such as in mountainous areas, defunmagan be modeled using ti
Global Land Data Assimilation System (GLDAS) andaaiety of land surface mode
(NOAH, MOSAIC, VIC and CLM). However for stations sediment filled valleys, th
ground water variations from natural and anthropagare the primary hydrologic effe
and are difficult to model without ancillary locairound water level data and

understanding of the poroelastic properties ofsédiments. Examples of recent analy
from the PBO will be presented.

Effects of monumentation style, antenna height, atiter local effects can be be
identified at collocated stations where multipléesimas are permanently installed v
close to each other. We present analysis of tuiek sites: the UNAVCO test facility
Marshall, Colorado, a Plate Boundary Observatatist on the eastern shore of the §
Francisco Bay, and a USGS/SCIGN station in soutladifornia. Each of these statig
clusters have multi-year time-series that demotestnaw processed positions correl
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with noise such as multipath on varying time scakinag different analysis techniques
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GNSS Data and the Real-Time International Referencnosphere

D. Bilitza

School of Physics Astronomy and Computational SmenGeorge Mason University, USA

)4

The International Reference lonosphere (IRI) isndégrnational project of the Committe

on Space Research (COSPAR) and the Internationahlri Radio Science (URSI). IR
was developed as the empirical standard for spagiffhe densities and temperatures
the Earth’s ionospheric plasma and is recognizedsash by the Internations
Standardization Organization (ISO). IRl has beedatepd and improved as new grou

and space data became available and as the dep&rsdem geophysical paramete

became better understood. The latest version of noelel, IRI-2012, introduce
significant improvements and new model parameténese advances will be brief
discussed. But the main topic of this presentai®rthe recently started effort

developing a Real-Time IRl and the important rolaypd by GNSS data in th
endavour. The standard IRl model provides mordligrages based on several solar
magnetic indices that are given as input parameitdrs Real-Time IRI will rely on the
assimilation of real-time data into the standarddetdo represent real-time conditior
GNSS TEC and radio occultation observations areobtige most important data sourg
for this purpose. We will review some of the exigtialgorithms and their results a
discuss the path towards a Real-Time IRI. We w#loamake suggestions regardi

=
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potential IRI-related data products for the IGSdalata distribution.




Validation of GPS Signals During Geomagnetic and llmospheric Disturbances
Hanna Rothkaehl

Space Research Centre Polish Academy of Sciencasaw, Poland

)4

The magnetosphere-ionosphere-thermosphere systetnoigly affected by electric and

magnetic fields, particle precipitation, heat flolmad small scale interactions. T

magnetised solar-terrestrial space plasma is dyhigin-linear medium, which exhibits

he

many different types of turbulence and instab#iti@hose emissions are produced

mainly by natural perturbations, but some of thdso @&ave anthropogenic origin.
study of mass, energy, and momentum transportersdhar-terrestrial plasma is direc

A
ly

related to the study of space plasma turbulence.fé@adback between the radiation belt

region and the Earth atmosphere can be very immortgdthough it is still not fully

understood.

Geomagnetic storms cause strong changes in ion@spBeiring storm horizontal

gradients and scintillations of GPS signals inaeed&segular ionospheric gradients can

complicate phase ambiguities resolving and as cuesee will worsen the accuracy

GPS positioning. Storm-time geomagnetic conditianay influence also on the

estimation of satellite/ receiver biases. Rapidsphand amplitude scintillations lead
degrade GNSS network performance.

The aim of this presentation is to show manifestatof ionospheric boudar laye

of

to

rs

structures and dynamic diagnosed by various meagtechniques as: in situ wave and

plasma diagnostics registered on board of DEMETHERIIge, GPS observations

collected at IGS/EPN network, GPS observation edrout at the Antarctic and Arct

IGS (International GNSS Service) stations usedthadiata retrieved from FORMOSAT
3/COSMIC radio occultation measurements. We woiliel &lso to discuss the limitatign
of presented diagnose techniques with respectfferelit geomagnetic condition and

localisation in space.
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Recent JPL Advances in lonospheric Specificationsnd Potential New Applications
Using Ground on Space-Based GNSS Measurements

Attila Komjathy

)4

The NASA Jet Propulsion Laboratory (JPL) and Ursitgrof Southern California (USQ)
have jointly developed the Global Assimilative Ispberic Model (GAIM) to monito
space weather, study storm effects, and providesymeric calibration for various
customers including NASA flight projects. JPL/USAIM is a physics-based 3D data
assimilation model using 4DVAR and Kalman filterpapaches to solve for ion and
electron density states and other key ionospherigced. The JPL/USC GAIM
technologies, now operating in real-time and past@ssing modes, can routinely accept
as input ground GPS TEC data from 1200+ sites d@uctu streaming and hourly GRS
stations, occultation links from CHAMP, SAC-C, CO&Mand C/NOFS satellites, UV
limb and nadir scans. In the presentation, firstwii discuss recent advances in qur
assimilating ground-based GPS, C/NOFS and COSMtItation measurements using
our GAIM system characterizing the ionosphere in. 3BVe will elaborate on ou
improved space-based bias estimation techniquegnerate high precision calibrat
TEC measurements to be assimilated into GAIM.
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We will also demonstrate incremental algorithmicpiovements in our JPL Global
lonospheric Mapping (GIM) and bias-estimation teghas including the introduction of
the new 2D high-resolution (1 degree by 1 degreébaninute resolution) ‘JPLI' IONEX
product that may potentially be used by the IGS roomty for improved ionospheri
calibrations.

O

We conclude the talk by demonstrating the benefitsdding GLONASS measurements
to our GIM and GAIM processing technologies. Nevd arpcoming applications and
first results will be shown for estimating very higrecision TEC perturbations using
real-time and post-processed GNSS observations GRE@QNET and IGS networks. We
will demonstrate initial steps on how to integraf@s GNSS ionosphere-based
technology into a global tsunami warning systemdifidnal potential applications might
include the remote sensing of ionospheric TEC pleations generated by other natural
hazards such as earthquakes and volcanic eruptiotishuman-made events such| as
nuclear tests.




Modelling the Neutral Atmosphere Propagation Delayat UNB: Past, Present, and
Future

Marcelo C. Santos, Richard B. Langley and MatthegAlftam

Dept. of Geodesy and Geomatics Engineering, Unityes§ New Brunswick, Canada
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Modelling the neutral atmosphere has been an dffatthas crossed generations of space
geodesists. The refinements of models and mappimgtibns have resulted in
increasing accuracy in modelling neutral atmosploetay, so much so that what is left
seems to be an elusive millimeter. This presentativerviews the past and current
efforts towards modelling the neutral atmospher&B, with emphasis on the family
of UNB neutral atmosphere models and on the curedfort towards a continuoys
generation of a VMF1-type product. There has bedanaily of UNB3 and relate
models and mapping functions (UNB3 proper, UNB3md &NBw.na), which hav
found use in various products and services, inolydsatellite-based augmentatipn
systems such as the Wide Area Augmentation Systém.development of models apd
the assessment of their accuracy over North Amevittde discussed as well as plans to
have refined UNB models for other continents. éerd effort deals with the generatipn
of a gridded VMF1 and ray-traced zenith delayswgtifrom the U.S. National Weather
Service National Centers for Environmental Predictilatasets, which has been ongqing
on a test basis. This model has been called UNB-YMHe benefits of providing
service based on this model would include: 1) &ibjpdn the event of the European
Center for Medium-range Weather Forecasts-based MF zenith delays bein
unavailable; 2) greater compatibility with other nmerical weather model-derived
corrections, such as atmospheric pressure loadimt)3) the availability of tropospheric
delay products derived from an independent sountk ray-tracing algorithms should
provide more robustness for combination producticvuse these models. A
discussion on the structure of the service as agethe results of recent validation tests is
presented. The UNB-VMF1 service has been recectig@ed as a provisional product
of the International Earth Rotation and ReferengsteSns Service’s Global Geophysical
Fluid Center.
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Global Near-Real Time, Multi-GNSS and Ultra-Fast Troposphere Estimation at
Geodetic Observatory Pecny

J.Dousa

Geodetic Observatory Pecny, Research Instituteeoid@sy, Topography and Cartography, Czech
Republic
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Geodetic Observatory Pecny (GOP) has long-termrextpee in the estimation of precise
tropospheric parameters from GNSS permanent statatinder limited conditions of
near real time. More than a decade, the GOP zé¢wniigth delays (ZTD) contributed
various projects in Europe (COST-716, TOUGH, E-GVEFGVAP II) and operational
ZTD results flow via a meteorological observatioatwork (GTS) to the end users
worldwide. Currently, we are aware of its operagioassimilation in Météo France and
UK MetOffice at least. This presentation will beefised on new developments in three
domains: a) global near-real time ZTD solutions,GHS+GLONASS vs. stand-alone
GPS and GLONASS ZTD estimation and c) ultra-fasb£Etimation.

The global solution has been evaluated over a yeatlr reprocessed IGS ZT
radiosondes and UK MetOffice numerical weather maahel it has been switch fro
testing to operational mode are within the E-GVABjgct on UK MetOffice's request.
The muli-GNSS solution has been tested since 20§&ter with developing GOP ultra-

rapid GPS+GLONASS orbits, and at that time a spebifis between stand-alone GPS
and GLONASS has been identified. This almost disaegal after adopting IGS08 phase
centre offsets and variations, which has provedhmugtter consistency between GPS
and GLONASS solutions. Since that time the GPS+GRAGS ZTD solution is runnin
operationally in parallel at GOP (until end of 20dff-line and afterwards in near real
time) and has been evaluated over more then 8 monte solution will be switched to
the official one within 2012 and it will definitelseplace GPS-only GOP contribution|to
the E-GVAP soon. Last, but not least, the ultrd-EED estimation (sub-hourly or qu
real time) for severe weather monitoring is beealoped and its first implementation
and results will be presented too based on IGSRaddvities.
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GPS Meteorology with Single Frequency Receivers

Zhiguo Dend, Michael Bendér Florian Zu$, Maorong G& Galina Dick, Jens WickeftSteffen Schéh

"Helmholtz Centre Potsdam, German Research Centf@dosciences (GFZ)
?nstitut fiir Erdmessung (IfE), Leibniz Universitdannover, Germany
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Atmospheric water vapor plays a significant roleatmospheric processes and shows a
high temporal and spatial variability. Observatiovith a high density in space and time

are required. GPSobservations provide informatibthe atmospheric state with high
temporalresolution and a spatial resolution limitdey the density of the
receivernetworks. In order to increase the spagisblution of troposphericGPS delays,
existing GPS networks of dual-frequency (DF) reeevcan bedensified with low-cost
single-frequency (SF) receivers. TheSatellite-dmedEpoch-differenced lonospherjc
Delay model (SEID) wasdeveloped at the German Relse@entre for Geosciences
(GFZ) to derive theionospheric corrections for SFSGreceivers from the observatigns
ofsurrounding reference stations equipped with &fetvers.

This approach is validated using SF and DF data faovery dense GPS network with
about260 stations in Germany. The ZTDs and sldat ttelays (STDs)derived from the
SF and DF observations are compared with indeperdia fromweather models and
water vapor radiometers.After it is shown that 8t and DF products differwithin the
precision of the DF data (about 3 mmRoot Mean SxjumZTD) the ZTDs and STDs afe
comparedwith model equivalents derived from a nucaéweather analysis (ECMWEF).
In general good agreement betweenis found; formgef 11 days in August 2007 the
mean deviation is 0.2% and the standard deviatidh55%.The GPS observations ofone
station could be compared to the slant integratatmvapor of a watervapor radiometer
performing hemisphere scans at different elevatidiggin, thedata are consistent within
the uncertainty of the observation systems.Theetmaidation studies show that the
ZTD, STD and SWV products obtainedfrom SF dataaéreost of the same high-quality
as those from the DF data.

However, there are situations where the spatiatpatiation used by the SEIDmodel has
some limitations, e.g. during medium-scale travgimnosphericdisturbances (MSTID).
The impacts of ionosphere variations on the scélmterstation distances of tens |of
kilometers is discussed.
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GNSS Satellite Attitude Characteristics During Eclpse Season

F. Dilssner, T. Springer, J. Weiss, G. Gienger Biderle
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The presentation focuses on the attitude charatitsriof GNSS satellites orbiting the
Earth whilst experiencing eclipses. It provides arerview of the various kinds of

GPS/GLONASS noon-/midnight-turn maneuvers and destnates how the existence |of
a horizontal satellite antenna phase center edcigntcan be exploited to derive the

instantaneous state of the spacecraft’'s yaw-a#titusing the technique of “reverse”
kinematic point positioning (PPP). The agreememivben yaw-angle profiles generated
by different institutions (ESA vs. JPL) using difat GNSS software packages
(NAPEOS vs. GIPSY) will be assessed. Outstandisges like, for instance, attitude-
related inconsistencies amongst the individual K&&lysis Center (AC) clock solutions

and how to deal with GPS Block IIA post-shadow masees will be addressed here|as
well.
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Rotational Errors in IGS Orbit and ERP Products
J. Ray, J. Griffiths, P. RebischurfgJ. Koubd, W. Chefi
INOAA/National Geodetic Survey

?|nstitut Geographique National/LAREG

®Natural Resources Canada

“Shanghai Astronomical Observatory
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Ignoring mostly radial biases due to neglect oftlEaalbedo and antenna thrust
accelerations (e.g., Rodriguez-Solano et al.,, 20@@put half of the time-varyin
inaccuracies in daily IGS GPS orbits involve sysigm rotations of the satelli
constellation (Ray and Griffiths, 2010). A largaripof the rotational orbit errors come
from deficiencies in the IERS conventional model $abdaily tidal variations in Earth
orientation, which are absorbed directly into ests of the nearly resonant orpit
parameters as well as being aliased into longeoghesignals near annual (or GPS
draconitic), 3rd draconitic harmonic, and fortnighperiods (Griffiths and Ray, 201
Some portion of the subdaily tide model errors ajsts absorbed into the daily |
Earth rotation parameter (ERP) estimates, affectiegsame long-period bands as for the
orbits. While the need for an improved IERS mddallear, progress has been slow due
to the difficulty of the task.

Judging from orbit and ERP differences among IGSalgsis Centers (ACs), other
sources of rotational error must exist also. Aatational shift of an AC terrestrial frame
realization should affect its orbits and ERPs sny| which is the basis for the quasi-
rigorous Final combination procedure adopted byi&t in 2000 (Kouba et al., 1998).

However, it is clear that inter-AC rotational difémces are much greater for orbits than
for ERPs, an indication that full internal self-ststency is generally not achieved by
most ACs. It is logical to suspect that AC modgliof the satellite solar radiatign

pressure (SRP) parameters is involved. Most IGS AGve adopted variants of the
Bernese empirical model, but operational implenm@raand usage of a priori

constraints varies widely among ACs. These factordd, among other things, cause
subdaily tidal errors to be partitioned differentymong ACs into their solutio
parameters.

There are some worrisome indications that the gugsious IGS Final combinatio
procedure is flawed with respect to rotational estesicy and stability, possibly due o
insufficient internal self-consistency by individuaCs. For instance, a 3-cornered hat
decomposition of recent Ultra-rapid, Rapid, andaFiERP differences surprisingly
implies that the Final ERP errors are largest dieralhere is a low- frequenc
component (annual periods and longer) in the ERErdnces that is either an artifact|of
the Finals or common to the both Ultras and Rapifisbdaily tide model errors should
be common to all and so not affect the ERP diffeesh assuming all ACs correctly
implement the IERS model. A common-mode errothim Witra and Rapid ERPs could
potentially arise due to tightly fixing their testeial frames, whereas the Finals solve|for
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the terrestrial frame together with the other paigu However, simulation of the tw
types of frame realization fails to explain theesof observed ERP differences (abou
mm RMS of net surface motion). This observatiogether with the intra-AC rotation
inconsistencies mentioned above, suggests thatfi@Ctemight be important as a sour
of excess Final ERP error.

Determining which IGS polar motion series, Rapid Kinal, is more accurate

exceedingly difficult as there is no other comp&abndependent source for th
information. (Comparison of IGS length of day measents against VLBl UT1

LOD series might possibly be useful, but this hasbeen studied yet.) Time series
atmospheric and oceanic angular momentum are sitoplyoisy, especially at annu
periods and longer. Instead, we have examinedbtaéional stability of Rapid and Fin
PPP solutions for a global network of referencengastations. (Equivalent PPP rest
for the observed half of the Ultras are highly smrad due to sub-optimal Helme
alignment of the AC orbits in the Ultra combinatiprocedure, something that can
improved.) Spectra for the RX and RY componentsiclv should be related to pol
motion variations, show consistently more powertfa Final PPP solutions for perio
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longer than about 7 to 10 d. This is especiallg tnear the annual period, an observation

that is consistent with the 3-cornered hat redulitsnot conclusive. On the other hal
there is more RX instability in the Rapid PPP riotad over intervals shorter than ~10
a difference not seen in the RY rotations. Speftrahe axial PPP rotations are mg
similar for the two IGS product lines, though insl#ies are greater for the Rapids
both high (<10 d) and low (~annual) frequencies.

Considering all the evidence, a lack of strict ing# consistency in various A
submissions probably induces rotational errordhnexrdombined IGS Final products td
small but non-negligible degree. The combinaticategy relies on the assumption
AC solution consistency with no unremovable ovemstmaints, which is difficult tc
verify externally. Preliminary tests with the nelaily Final submissions give hope th
changes in AC procedures might incidentally imprdwe Final product consistency a
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Current Status of Non-Conservative Force Modellingand its Interface to REPRO2

Marek Ziebart, Stuart Grey and Shawn Allgeier

University College London
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In this presentation | review the current approach® space vehicle surface for

modelling employed in the principal software totblat contribute to IGS orbit products.

| present the principal technical opportunities dadriers relevant to the study area
the context of REPRO2

| give an overview of research and testing caraetlat University College London ov
the last 12 years developing various themes armamdconservative force modellin

and outline a funded research programme that wili over the next two year

developing next generation models. In addition Iplax existing parallel an
complementary research in the field going on ireothstitutions.

| show that there is a range of existing modelwgibme track record of success t
have yet to be trialled by the IGS, and argue tbhtpthat, just as we would for th

gravity field, it is logical to exploit the best a@lable analytical models prior l’to
[

developing an empirical parameterisation basednatysis of residuals and orbit qual
metrics. | suggest that, both in the interestsadérece and operations, the issue of
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appropriate empirical parameterisation be re-uisite
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GPS Timescale and Definition of IGS Timescale
Kenneth Senior
Naval Research Laboratory
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Technologies for position and navigation have cargd to evolve and improve over the
past several decades. Increased tracking netwonsifaation, improved tracking
techniques, improved geophysical and orbit modelamgl improved clock technologies
have all led to marked increases in precision awcdracy of positioning, navigation, and

timing applications. Improved algorithms for timake formation and the clock mode
to support them are also necessary in order to ke with these technologie
specifically to support clock synchronization amddgiction within the Global Navigatio

Systems themselves. This presentation briefly dsesi some of the clock modeling
issues necessary for timescale formation spedifidalr use by Global Navigation

Satellite Systems
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Three-Method Absolute Antenna Calibration Comparism
Andria Bilich, Martin Schmitz, Barbara Gorres, Byl Zeimetz, Gerald Mader, Gerhard Wiibbena
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Antenna calibrations of receiving antennas are ssemial component of GNSS data
processing. Antenna calibrations provide measunésnef carrier phase delay/advarce
introduced by the antenna components, and caltoratiodels of the mean phase center
offset (PCO) and direction-dependent phase ceragations (PCV) are important for
achieving mme-level positioning accuracy. Absoluteteana calibrations, where the
calibration values are independent of a referemtenaa, have been used in the |
since 2006.

Several absolute calibration institutions exisgheanplementing a different calibration
method. Since 2000, Geo++ GmbH has conducted dalbdrations using a robot with |5
degrees of freedom (DOF) and all-in-view GNSS dginend was the first IGS-accepted
absolute calibration institution. There are twbestinstitutions in Germany with similar
robot field calibration systems who also contribtdehe IGS. The University of Bonn
conducts multi-GNSS calibrations in an anechoicndber with a 2-DOF robot, a
began contributing to the IGS in 2010. The Bonrthoé uses a network analyzer|to
compute full GNSS calibrations. The US Nationab@stic Survey (NGS) is the newest
system, using a 2-DOF robot in the field with oS capability at the time of this
abstract. Each institution uses a different semotlel assumptions and data reducllion
methods to compute absolute calibrations.

If all of the above methods are to properly conttghto the IGS, it is important to
establish that absolute calibrations from differgrstitutions are compatible with each
other. Towards that goal, we conducted calibratests where identical antennas wgere
calibrated by Geo++, Bonn, and NGS. We presentlteesof the three-method
comparison for several classes of geodetic antefagschokering, groundplane, rover)
and discuss the similarities and differences.

Because the NGS absolute calibrations are the nemesleast-known, we also presént
an overview of the NGS method, with specific imf@tion on how this method differs
from Geo++ and Bonn. Detailed information on the 3N method and results will be
presented in the accompanying poster session.
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Modelling and Correction of Carrier Phase Multipath Effects

Christian Rost Lambert Wanning@r

'Geodetic Institute, Norwegian Mapping Authority
’Geodetic Institute, Technische Universitat Dresden
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Carrier phase based positioning with GNSS (GlobaViation Satellite System)
influenced by various measurement errors. The ntgjof these errors can be mitigat
or eliminated by differential techniques, by formiappropriate linear combinations
multi-frequency observations or by estimating adddl parameters. For statig
dependent errors, these options do not exist. ticp&ar the influence from reflected
diffracted signals cannot be mitigated or elimidlabg these techniques.

Carrier phase multipath causes range errors fronerake millimetres to a fey
centimetres. Their effect on the position estimatesabout the same size but often m
pronounced in the height component when comparethéohorizontal component
Multipath effects deteriorate if the ionospheresfrignear combination is used and
tropospheric parameters have to be estimated. ®nother hand, long-term stat
observations mitigate the influence of these flatihg effects.

Over the years a variety of approaches for redueingprrecting carrier phase multipg
effects have been developed and published. Thebaitpies can be classified into si
specific (station selection), hardware-specificcéieer and antenna), data processi
specific (weighting schemes) and station calibratiechniques. The first part of tf
presentation will cover carrier phase multipathotiyeand its influencing parameters.
the second part, we will give an overview on mitigia techniques with special empha;
on station calibration techniques.
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Extension of the GPS Satellite Antenna Patterns thNadir Angles Beyond 14°

A. Jaegdi, F. Dilssnef, R. Schmid, R. Dach, T. Springef, H. BocK, P. Steigenberg&rS. Lut?

YUniversity of Bern, Astronomical Institute, Bernyizerland
“Navigation Support Office, European Space Operatentre, Darmstadt, Germany
3Institut fiir Astronomische und Physikalische GedlaBechnische Universitat Miinchen, Germany
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The absolute antenna phase center model igsO8lapted by the International GNSS
Service (IGS) in 2011 is based on robot calibratifor more than 200 terrestrial GNSS
receiver antennas and consistent correction vélueshe GNSS transmitter antennas
estimated from tracking data of the global IGS giuetwork. As the calibration of the
satellite antennas is solely based on terrestredsurements, the estimation of their
phase patterns is limited to a nadir angle of T4is is not sufficient for the analysis pf
spaceborne GPS data collected by low Earth orbifltieO) satellites that record |-
depending on the missions’ orbital altitude - olsagons at nadir angles of up to 17°.

We use GPS tracking data from the LEO missionsnddd@, MetOp—-A, GRACE, an
GOCE to extend the IGS satellite antenna pattesnsatlir angles beyond 14° using
different processing strategies and two differeMSS software packages (Bernese,
NAPEOS). In order to achieve estimates that aresistent with the phase center
variations (PCV) currently used within the IGS, G&ellite orbits and clocks are fixed
to reprocessed solutions obtained by adopting B8 konventional values fro
igs08.atx. Due to significant near-field multipagffects arising in the LEO spacecraft
environment, it is necessary to solve for GPS (radipendent only) and LEO (azimuth—
and elevation—dependent) antenna patterns simolighe We combine the results
obtained with both software packages and derive RG&/ extension proposed for
igs08.atx.
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Estimation of Azimuthal Satellite Antenna Phase Ceter Variations
F. Dilssner, T. Springer, W. Enderle
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Designed to provide constant signal strength for Barth-located user regardless of the
satellite elevation, the L-band transmitting angemmstalled on every GPS/GLONASS
spacecraft consists of twelve helical elementsnged in two concentric circles. The
outer circle is composed of eight elements wherta@s inner circle contains four

radiators. Due to the particular array design, herethe antenna assembly exhibits
small variations in its phase pattern as a funabiotine direction of the outgoing signal.

In this presentation we report on the estimatiosaitllite antenna phase center offsets
(PCOs) and variations (PCVs) employing fully norizedl spherical harmonic functions
of maximum degree and order (8, 4). We particulddgus on azimuth-dependent
variations as those are not yet considered intihesiot IGS antenna model (“igs08.atx!).
Since we perform a combined processing of GNSS ngtatiation data together with
GPS inter-satellite tracking data from low-Earttbibng (LEO) space-borne receivers,
we are able to retrieve the antenna PCVs for th® Ginstellation down to a nadir-angle
of 17°. Furthermore, as the network scale can bermaéned from the dynamical POD
constraints imposed by the physical trajectory rhadehe LEO spacecraft, we do not
have to adopt it from an external terrestrial refee frame solution in order to solve for
the PCOs’ vertical components (“z-offsets”).
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The Geodetic Reference Antenna in Space (GRASP) — Mission to Enhance the

Terrestrial Reference Frame
R. Steven Nerem, Yoaz Bar-Sever, and the GRASP Team
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The Geodetic Reference Antenna in Space (GRAS®¥imall satellite mission concept,
currently being proposed to NASAs Earth Venture (BV-2) announcement of

opportunity, that is dedicated to the enhancemérmtiiahe space geodetic techniqu

promising revolutionary improvements to the defontof the TRF, its densification, and

accessibility. GRASP collocates GNSS, SLR, VLBId&0ORIS sensors on a suprem

S,

2y

calibrated and modeled spacecraft, offering an vatiee space-based approach to a
heretofore intractable problem: establishing peecasd stable ties between the key

geodetic techniques used to define and dissemitheteTRF. GRASP also offers

solution to another difficult problem, namely, thensistent calibration of the myriad

a

antennas used to transmit and receive the ubicgidognals of the present and future

Global Navigation Satellite Systems (GNSS). We wd#iscribe how errors in the TRF

impact our ability to answer key science questisugh as mean sea level rise, and

present new analysis of GRASP’s capability to imprearious aspects of the TRF.
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GNSS Analysis for Weather Applications Based on IG®roducts
R.Paciong J.Dous
'e-GEOS S.p.A./ASI-CGS Matera, Italy

“Geodetic Observatory Pecny, Research Instituteeoii@sy, Topography and Cartography, Czech
Republic
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Application of GNSS for Numerical Weather Predinti®NWP) is a well establishe

technique in Europe. It started with the succesSST Action 716; in July 2002 six

processing centres were processing an Europearorketi 150 stations. At the prese
time, EUMETNET supports the operational exploitatad more than 1,600 continuous

operating GNSS stations in the framework of the ogaan E-GVAP project
(http://egvap.dmi.dk). Current state-of-the-art GN#&eteorology is focused on the
assimilation of hourly tropospheric delays into NVWRurrently, 13 GNSS processing
centres deliver data with a maximum latency of 9@utes and with hourly updates

processing a regional European network. Furtherrdgmecessing centres are deliver
data of a global network for global NWP applicaiodvancements in NWP mods
(such as the Met Office UKV 1.5km model) with rapipdate cycles require

observations with improved timeliness and with ggeapatial and temporal resolutipn

ng
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than is currently available. IGS plays a key rae@ssure the full operation of the GNSS

meteorological applications: all the E-GVAP hourolutions, with only a few

exceptions, are based on IGS Ultra-Rapid prodiresent achievements in IGS RT PP
activities, whose product quality for the ZTD estiion will be assessed, could enable

the use of the PPP strategy as very promisingufioré efficient GNSS-meteorology due
to steadily increasing number of operational GN&8. 4 ong-term comparisons of
hourly tropospheric estimates w.r.t. radiosondeadas well as IGS and EURE

tropospheric products will be presented.
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Low-Latency Earthquake Displacement Fields for Tsuami Early Warning and
Rapid Response Support

Hans-Peter Plag, Geoffrey Blewitt,

Nevada Bureau of Mines and Geology, University ef/alda, Reno, USA
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For offshore earthquakes, particularly for extremaethquakes at near-coast faults, most
fatalities originate from tsunamis. Tsunami earlgrmng is key for reducing the number
of fatalities. For most large earthquakes, mora 8@06 of the fatalities occur because of
late response, which often is due to insufficiesgpid damage assessments. Improved
estimates of where the main damage occurred arendamental input for a more
efficient response planning. Aftershocks are a dafgy rescue teams and other helpers,
and predictions of the location of aftershocks ptewaluable guidance for the plannipg
of search and rescue operations.

Time series of surface movements derived from @&ldavigation Satellit
Systems (GNSS) observations contain informationthen static offset as well as the
shaking of the ground during an earthquake. Thearsfield derived from the surfage
displacements can be used to understand the chemtfesstress field, which determine
the likely location of aftershocks. There is a &auff between the latency of the ti
series, the temporal resolution, and the accurdaye displacements. Currently, two
main products are widely used: (1) highly accudai®y coordinates available with order
ten days latency; (2) low accuracy, low latencydéorl to 10 s) coordinates sampled
with 0.1 s or 1 s. There are many other option betwthese two end points, and it is
important to understand the requirements in terikatency, temporal resolution, and
accuracy in order to make an informed decision len doals for observation syste
rapid analyses, and rapid products.

For tsunami-early warning, the static displacemieid (1) allows a bette
estimate of the tsunamigenic potential of an eardkg, and (2) serves as an input [for
tsunami propagation models. For (1), acceptablentaés are on the order of a few
minutes in cases were the time from event to imgaoh the order of 10 to 20 minutes
(e.g., in the Mediterranean, the Cascadia fault,raany areas in the Indian and Western
Pacific Ocean). However, since the tsunamigenierg@l depends both on potential
kinetic energy transferred to the ocean water, dditon to the displacements fiel
estimates of the rise time would be very valuatler (2), we note that tsuna
propagation models are most helpful for predictimg locations of the delayed impact
(from 30 minutes to several hours), while in mastes, they do not help very much for
areas in the near-field with impact times of bel® minutes. Considering that current
minimal computational time requirements for propaga models not using pre-
computed functions are on the order of several tagto tens of minutes, a latency of 5
to 10 minutes for the displacement field is acdeletaHere, too, having a model for the
rise time and any segmentation of the rupture @®osould improve the tsuna
propagation modeling. Estimating the rise time ampture segmentation from GN$SS
would require a dense network and high temporalluéien (1 s or better).
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For rapid damage assessment, the most importerimation is the maximu
shaking that occurred in a location. Damage assgsnwith available software (e.g.
HAZUS) typically take one hour, and improvementstbé input (shakemaps) can
significantly refine the assessment. The statipldement fields can be used to rapidly

deformation are a measure for changes in the stiedds and Coulomb stress derived
from GNSS measurements help to constrain locatiohsaftershocks. For thi
application, the accuracy of the strain field ikey requirement, and latencies on the
order of one hour are acceptable.

Comparison of time series with 1 s and 5 minudesporal resolution shows that
the accuracy of the 5-minutes series is almostder@f magnitude better than for 1 s| A
lower temporal resolution has the potential to dieéter estimates of the static coseismic
displacement field as well as slow postseismic gkanin the strain field. A core
limitation for the determination of the coseismitdapostseismic displacement field|is
the lack of low-latency accurate satellite orbitsl @locks. Making available a very loy-
latency continuous data stream with accurate gatebtirbits and clocks would
significantly improve the ability to provide morecarate low-latency station time series
and displacement fields.
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Strengths and Weaknesses of the IGS Contribution tthe ITRF

Z. Altamimi, X. Collilieux, L. Métivier, P. Rebisaing

Institut National de I'lnformation GéographiqueFatrestieére (IGN), France
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The IGS GNSS contribution to the ITRF formatioriurdamental given its major role of
connecting the three other techniques (VLBI, SLR®RDS) together at co-location sites.
The drawback of this situation is that any GNS&tesl bias would propagate to the
ITRF global parameters (e.g. origin and scale) mindividual station positions and
velocities. This paper reviews the IGS GNSS coutidn to the ITRF, focussing on its
strengths and weaknesses. Results of data analysigtended time series beyond the
ITRF2008 time-span, including refined IGS reproolusons, will be used to examirne
(1) the GNSS origin and scale consistency with SRl VLBI, (2) the level o
agreement between local ties and space geodedy,awnitemphasis on the impact |of
uncalibrated radomes and discontinuities at somdoaaion sites on the ITR
parameters. Recommendations to IGS will be adddefssats future contribution to th
next ITRF solution (ITRF2013), expected to be red¢mhin mid 2014.
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The Effects of Using Inconsistent Correction Model$or PPP Users with IGS
Products

Yuning Fu, Jeffrey T. Freymuellér Tonie van Darf) Geoffrey Blewitt

'Geophysical Institute, University of Alaska FairkanAlaska, USA
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We mainly investigate the effect of using incorem$tOcean Tidal Loading models on
GPS coordinate solutions. We use up to a 6-yean spaGPS data from 85 globally
distributed stations to compare solutions usingancgdal loading (OTL) corrections
computed in different reference frames: center a$sof the solid Earth (CE), and center
of mass of the Earth system (CM). We compare smiwtets that differ only in the frame
used for the OTL model computations, for three sypé GPS solutions. In global
solutions with all parameters including orbits estied simultaneously, we fi
coordinate differences of ~0.3 mm between solutasiag OTL computed in CM and
OTL computed in CE. When orbits or orbits and ckeke fixed, larger biases appear if
the user applies an OTL model inconsistent with tised to derive the orbit and clock
products. Network solutions (orbits fixed, satellitlocks estimated) show differenges
smaller than 0.5 mm due to model inconsistency,RR® solutions show distortions |at
the ~1.3 mm level. The much larger effect on PR&tisos indicates that satellite clock
estimates are sensitive to the OTL model appliede Time series of coordinate
differences shows a strong spectral peak at agefie-14 days when inconsistent OTL
models are applied and smaller peaks at ~annual~aathi-annual periods, for both
ambiguity-free and ambiguity-fixed solutions. Thespurious coordinate variations
disappear in solutions using consistent OTL modédiers of orbit and clock products
must ensure that they use OTL coefficients compirtede same reference frame as the
OTL coefficients used by the analysis centers fraduced the products they use;
otherwise, systematic errors will be introducedoimgosition solutions. All moder
products should use loading models computed ilfCiidrame, but legacy products may
require loading models computed in the CE framealysts and authors need [to
document the frame used for all loading computatiarproduct descriptions and papers.
We also discuss the effects if PPP users utilizerisistent elevation cut-off angle and
antenna calibrations models with what used for p&slucts.




UNAVCOQO's Community Planning for Real-Time GPS in Eathscope's Plate
Boundary Observatory Using IGS Products

David Mencin, Bill Hammond, Charles Meertens, Joangbein and Bob Woodward

UNAVCO
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Recent advances in GPS technology and data pragesms providing position solutior

with centimeter-level precision at high-rate ands latency. These data will have the

potential to improve our understanding in diverseaa of geophysics includin
properties of seismic, volcanic, magmatic and teursurces, and profoundly transfot

rapid event characterization and warning. Scientthd operational applications also

include glacier and ice sheet motions; tropospheodeling; and space weather.

UNAVCO hosted an NSF funded workshop in Boulder@OMarch 26-28 that brought

together 70 participants representing a spectrumeséarch fields, including geodesy,

seismology, weather, space weather and naturardmzdath participants spanning the

Western Hemisphere. The goal of the workshop waewelop a community plan for tf
use of real-time GPS data and associated produtisnshe UNAVCO and EarthScop

community. IGS combined products play a key rolgiocessing PBO real-time GRS
data and UNAVCO is a participant in the IGS ReahdiPilot Project. Preliminary

recommendations from this workshop and UNAVCO plkamseal-time GPS in the Pla
Boundary Observatory will be presented.
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Performance Analysis of Compass Orbit and Clock Dermination and Compass-
only PPP

P. Steigenbergér A. Hauschild’, U. Hugentoblef, O. Montenbruck

Ynstitut fir Astronomische und Physikalische Ge@glaBechnische Universitat Miinchen, Germany
’Deutsches Zentrum fiir Luft- und Raumfahrt (DLR) e@ifaffenhofen, Germany
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The Compass constellation currently provides faable satellites in geostationary orbit

(GEO) and five satellites in inclined geosynchramoubit (IGSO). Based on a netwag

of Compass-capable receivers from the IGS Multi-GNEXperiment (MGEX) and the
Cooperative Network for GIOVE Observation (CONGObiband clock parameters of

the Compass GEO and IGSO satellites are estimatesl.quality of these orbits ar
clocks is evaluated by internal consistency testsAllan variances. On the one hand

rk

d
, a

sub-meter orbit precision could be achieved forltB80Os. On the other hand, the orbit
precision of the GEOs is significantly worse duetdy small changes in the observation

geometry.
Due to the sufficient amount of Compass satelli@sCompass-only Precise Po

Positioning (PPP) is already possible today. Basedthe orbit and clock products

nt

mentioned above, Compass-only station coordinates teoposphere parameters are

compared with corresponding GPS-only products. IFindirst results of the twg

Compass satellites in Medium Earth Orbit (MEO) lehed in late April 2012 will be

presented if tracking data of these MEOs are adaila
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A COMPASS for Asia: First Experience with the BeiDa-2 Regional Navigation
System

0. Montenbruck®A. Hauschild 2P. Steigenberger’lU. Hugentobler 3S. Riley
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>

Following GPS and GLONASS, COMPASS/BeiDou-2 is fine new navigation syster
enabling stand-alone positioning in at least aaeali context. Even though the contents
of the broadcast navigation message has not bebliclgudisclosed so far, a pre
operational status has been reached and the COMBAB®U-2 navigation signals can
already be tracked by various commercial multi-GNi®Seivers. This enables the
determination of COMPASS/BeiDou-2 orbit and clockogucts independent of the
control segment and paves the way for initial expentation.

The presentation provides an overview of the cur¢april 2012) status of the regiona
component of the COMPASS/BeiDou-2 system, whichbased on a total of nine
satellites in geosynchronous orbits. The signalliyuand tracking performance |s
described based on a small network of receiverisen Asia-Pacific region. Special
attention is given to the availability of three dteencies, which enables advanced
ambiguity resolution concepts. First results of CRA%S/BeiDou-2 based absolute and
relative positioning are presented.
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GFZ's Global Multi-GNSS Network And First Data Processing Results

M. Uhlemann, G. Gendt, M. Ramatschi
GFZ
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GFZ is operating a global GNSS station network esinmany years. With rece
developments in receiver technology and new upcgmavigation satellite systems il
Galileo an upgrade of our stations was neededattk tall GNSS. We will present th
current status and setup of our station network taedplan for future upgrades. A
modernized stations are presently contributincghtd @ONGO network (led by DLR) &
well as to MGEX campaign. First results from datacessing performed with GFZ
Multi-GNSS capable software package EPOS-8 willshewn. The data usage stic

mainly on CONGO network whereas the focus of amslyss on precise orbit and clo¢

determination of Galileo's Giove and IOV satellit®@aiality assessments are given ba
on phase residual statistics, clock and inter-sydims stabilities as well as comparisc
with solutions obtained by TUM. Additionally an iependent validation of the orbits
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derived through SLR measurements.
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A Single-Channel Validation Technique for All Available GNSS Observation Types

A. El-Mowafy', P.J.G Teunisséfand N. Raziy

'GNSS Research Centre, Department of Spatial Scgbarin University, Australia
2Department of Geosciences and Remote Sensing, Difersity of Technology, Netherlands

Abstract

In this contribution, a flexible technique for gialcontrol and validation of multi-GNSS

observations is presented. In this approach, uerdiiced data of each satellite

independently processed at each epoch, where gingas performed in parallel for gll

observed satellites and sequentially applied. Avgetoy-free observation equation mo

is used and validation is performed using the Id2edection-ldentification-Adaptation
(DIA)method. The presented approach is applicablaldata of any GNSS with any

arbitrary number of frequencies, and for real-tmng@ost-mission processing.

Software utilising this approach is used during 88 M-GEX experiment to validate

Aare

del

GNSS observations collected at Curtin’s continupuglerating multi-GNSS observing
station in Western Australia. Validation is perfeunfor all satellites in view of GP$,
Galileo, GLONASS, COMPASS and QZSS, and for allembation types (L1, L2, L5,

E5a, E5b,E5a+b, E6, LEX, B1, B2, and B3). The poptesents examples on output
results, data analysis and diagnostics for saetlliservations from different systems.

Performance of the method is demonstrated.
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Curtin and Delft Multi-GNSS M-GEX Stations: Infrast ructure and Analysis Tools

N. Razid, A. EI-Mowafy*, P.J.G Teunisséf, P. Zoccaratol, A. Nardoand H. van der Marel

'GNSS Research Centre, Department of Spatial Scgdagin University, Australia
2Department of Geosciences and Remote Sensing, Difersity of Technology, Netherlands

Abstract

The GNSS Research Centre at Curtin University aegalltment of Geosciences and
Remote Sensing at Delft University of Technology eontributing as the Australian and
Dutch data providers and as a joint Experiment ¥sial Centre in the International
GNSS Service Multi-GNSS EXperiment (IGS M-GEX) cangm. In this poster, we
present the details of Curtin’s and Delft’s continaly operating multi-GNSS M-GEX
stations, their data streams, and the analysis toe#d in the experiment. The stations
have several high-grade GNSS receivers capableaokihg all GNSS systems and
observation types. The capabilities of these ressiand antennas, monumentation of
antennas, data archival and real-time streaminignesgavailable to the IGS community
are described and summarised in the poster. Thelafeed multi-system GNSS data
validation, conversion and analysis tools usedh@ éxperiment are also discussed.
Access details for the real-time and archived daeams and the analysis products will
be provided.
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A Data Center for Operation of Multi-GNSS Data

Heinz Habrich, Erwin Wiesensarter, Markus Goltz
Federal Agency for Cartography and Geodesy, Frahkfy Germany

Abstract

The package of various satellite navigation systenaso known as Global Navigation
Satellite System (GNSS). New satellite constelfgisuch as Galileo, COMPASS and
QZSS are presently going to be deployed in additmithe fully deployed GPS and
GLONASS. With the new satellites new signal types iequencies arrive, which aren’t
considered in legacy data format standards. The $SB&ta Center (GDC) at BK
accepts the challenge and implemented the operafioew data formats, e.g., RINEX
version 3. Galileo, COMPASS and QZSS tracking dat now publicly available
GDC, while ensuring that tracking data of long-tgumojects will stay unaffected. This
was achieved by creating additional data direcsor@DC also supports the IGS Multi
GNSS Experiment (M-GEX) that has been launchethatieginning of February 2012
and an M-GEX project directory was set up accorging new tool for editing an
analyzing RINEX version 2 as well as version 3sdfile under development. A draft
program version is now applied at GDC to concathaurly RINEX version 3 files int
daily files.
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Precise Point Positioning for Characterization of &S L5 Biases Using M-GEX Data
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The latest generation GPS-IIF satellites transh@triew civil signal on L5, allowing far

the very first time triple-frequency Precise Pddatsitioning (PPP). The benefits of a new
signal include better reliability and redundancyravigation users. However, in order|to
fully exploit the new signal for accurate positiogj a detailed analysis of the new
pseudorange and carrier phase observables is nd@iffedential code biases need to |be
characterized for the new signals, in terms ofibtaland repeatability, among different

receiver brands. Additionally, recent studies (Mwmiruck 2011) show that the L1/LL5
ionosphere-free observable shows variations whempeoed to L1/L2 ionosphere-free
observable. Proper characterization of the L5 eaphase becomes then critical
high-accuracy applications, especially when amiyguesolution is attempted. These
challenges can be addressed now using the M-GEXonet which provides th
scientific community with adequate access to th& GP tracking, using state-of-the-art
geodetic equipment.PPP can be applied not onlyaéourate navigation, but also
efficient bias determination. Therefore, the maimpwse of this work is to demonstrate
how to integrate the L5 observables with the traddl L1/L2 PPP, which at the same

time will allow us to estimate adequately relevhiatses between signals. This technigue
can be also extended to new GNSS constellatiomsGalileo and Compass) that are also
being tracked by M-GEX. This will be assessed ddpenon the availability of adequate

ephemerides data.
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Combined System Integrity Performance Analysis of Miti-Constellation
Navigation

Xiaojun Duan, Jing Yao, Jubo Zhu

Department of Mathematics and Systems Sciencee@obbf Science, National University of Defense
Technology, Changsha 410073, Hunan Province, Ehia

Abstract

Integrity is the capability of sending the alarmthe users timely when the navigation system isobuise
and it is a significant performance parameter ¢élbe navigation system. A user may receive sligf
coming from several different satellite systeméuiture. For local users, it is important to maki fise of
the whole integrity information of all the constglbns. It is necessary to take advantage of ttegiity
information coming from multiple satellite constgibns in order to prevent users from errors thigthin
represent an excessive risk.

The Galileo system establishes a precise concefhieofntegrity different from GPS/SBAS system.
GPS/SBAS system, both HPL(Horizontal protectiorelgvand VPL(Vertical protection level) are give
While in the implementation of Galileo system imigg the integrity indicators SISA(signal-in-spa
accuracy), SISMA(signal-in-space monitoring accyyacand IF(Integrity Flag), and the integri
indicators of users are investigated, includingdbmputation of the Galileo system integrity risidahe
calculation of the level of protection of Galilegsgem.

Nowadays, there are mainly three kinds of appromdbecalculate the combined integrity for differe
satellite systems. (1) “One-System-Based Integritsges only one kind of algorithm for all the sysse
with transformed same integrity inputs. (2) “Paghlhtegrity”, which is based on the use of indegem

algorithms, provides a Bayesian-frame posteriotegration of the integrity results. (3)A “weighted

RAIM( Receiver Autonomous Integrity Monitoring)’siused to calculate combined integrity of f
redundant satellites by monitoring the values agslby both the Integrity Risk and the Protectiondle
since classical RAIM algorithms are designed tagmbuser from a single satellite failure at a titée
consider “One-System-Based Integrity” method and tiwveighted RAIM” method to analyze th
combined integrity for a scenario of multiple naatign systems, including the GPS, Galileo and Beig
We analyze the different synthesized integrity catapion strategy for the combined GPS, Galileo
Beidou signals in future.
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As for “One-System-Based Integrity” method, sincESGemploys the protection level concept, while

Galileo prefers to compute the integrity risk a¢ @larm limit. Also the Beidou uses the similarelyrity
concept with GPS/SBAS system or Galileo integripnaept, this paper examines GPS and Gal
integrity concept separately first. Using both “GB&sed Integrity” strategy and “Galileo-Based Imig

strategy, corresponding different integrated intggequations for combined integrity approachesgsi

data from GPS and Galileo and Beidou are constiyeted their results are analyzed for comparison.

As for the “ Weighted RAIM” method, we study thetical characters of multi-constellation navigati
satellite system. Considering the critical paramsetef RAIM algorithm, missed detection probability
given using the information of satellite failureopability, missed detection probability and intégriisk,

ileo

DN

horizontal protection level and vertical protectilewel are reanalyzed both in theory and mathemlatic

simulation. Results show that the receiver autongrintegrity monitoring performance based on my
constellation navigation satellite system is muektdy than based on a single constellation sysBaith
the missed detection probability and protectiorelgare improved. The availability of RAIM algonithis
enhanced. The Combined integrity analysis with camspn of different strategies of GPS, Galileo &
Beidou would provide support for the future choiok combining integrity for multiple navigatio
constellations.
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Galileo IOV Orbit Determination and Validation
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Ynstitut fir Astronomische und Physikalische GedglaBechnische Universitat Miinchen, 80333
Munich, Germany

’German Space Operations Center, Deutsches Zeniinuft- und Raumfahrt, 82230 WeRling,
Germany
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reached the in-orbit validation (I0OV) phase throlgimch of the first two 10V satellites.

On 21st October 2011, Europe’s Global Navigatiotelte System (GNSS) Galileo hEs

This phase is aimed at qualifying the Galileo gewmnd user segments throu
extensive in-orbit/on-ground tests and operatiohs @ore spacecraft constellation
well as the associated ground segment. Since Ithady 2012, both satellites &
transmitting navigation signals.

The satellites are continuously tracked by the @oajive Network for GIOVE
Observation (CONGO), a global network of 19 tragkistations established by t
German Space Operations Center (GSOC/DLR) and #ren& Federal Agency fq
Cartography and Geodesy (BKG) in cooperation wihiesal agencies including th
Technische Universitdt Minchen (TUM). Moreover,ivas stations of the IGS Mult
GNSS Experiment (M-GEX) are tracking the 10V sated. This allows the analysis
the IOV tracking performance within the stated rets, that will be presented with
the poster.

Satellite Laser Ranging (SLR) observations of tik/ Isatellites are used as
independent validation for satellite orbits derivesblely from 10V microwave
observations. The quality of IOV orbits from singd@d multi-day solutions will b
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discussed and the performance of the Rubidium Emgu Standards as well as the

Passive Hydrogen Maser will be assessed.




P0O1-13
MGEX Data Processing at CNES-CLS AC
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The common CNES-CLS team joined the group of th8 Khalysis Centers in 200
The main motivations are to propose an alternadofware (CNES POD GINS), g
alternative processing strategy and to participatthe improvement of combined 1G
products. Since beginning of 2012, in the framehef IGS-MGEX experiment, mult
gnss data in RINEX3 format are considered at tife #@alysis centers.

The paper focuses on the recent activities of tNESCLS Analysis Center. In parall
with the official products containing already GPB8daGLONASS observations, W
processed several weeks of data including recentijylable MGEX stations. One of tf
main aspects is the add of Galileo observationsrapfnom newly installed receivers

our multi-GNSS approach. We describe the strategy mwopose (un-difference

approach), from the data preprocessing to the gaoerof the combined and consiste

multi-GNSS products.
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MGEX Galileo Measurements Characterisations
Flavien Merciet,Cyrille Boulanget, Felix Perosarz Sylvain Loyef
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In the MGEX network there are various receiver gygeere we focus on the observab
measured for the four Galileo satellites (GIOVEtAe IOV 1 and 2). A dedicated te
campaign is conducted in CNES Toulouse to chargetethe different availabl
commercial receivers, in order to be able to predes consistent way the data from

REGINA network, which are also available in the MG&etwork.

The test is a zero baseline measurement betweeivees. The different pseudo ran
biases will be analysed (for example there areesyatic biases between some IOV &
GIOVE data). Then the satellite widelane biases lvélstudied for the complete MGE
network, and a possible set of biases will be cont#d (as for GPS in the GR
solution). These informations are unsensitive ® khowledge of the satellite orbits,
this study can be conducted, even with few actisgas, and without precise orbits.

Then, using the orbit/clocks determination, whidh ke conducted in the GRG analys
centre in the next months using MGEX mesuremenktgrdiases will be characterizg
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Joint Reprocessing of GPS, GLONASS and SLR Obsenvans - First Results

Mathias FritschkCarlos Rodriguez-SolahdPeter SteigenberdekKrzysztof Sosnica Kan Wan§,
Reinhard Dietrich Urs Hugentoblér Rolf Daciand Markus Rothachr
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A joint reprocessing of GPS, GLONASS and SLR obsg&ons has been carried out
TU Dresden, TU Munich, AIUB and ETH Zurich. Commarpriori models have bee
applied for the processing of all types of obseorato ensure both consistent paramé
estimates and the rigorous combination of microwaawe optical measurements.

Based on the first results, we evaluate the impaetdding GLONASS observations
the standard GPS data processing. In particulangds in station position time ser
and day boundary overlaps of consecutive satddlitss are analyzed. Moreover, t
GNSS orbits are validated independently by SLR eamgasurements. Correspond
residuals indicate a significant improvement coregdato previous analyses results
this type. Finally, we address preliminary resutibtained from the combing
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GPS/GLONASS clock processing.
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GPS-based Orbit Determination for LEO Satellites Usig Double-Differenced
Carrier-Phases

Z. Kang, B. Tapley, S. Bettadpur

Center for Space Research, University of TexasuatiA, USA

Abstract

With the successful application of GPS-based Pee€igbit Determination (POD) far
Low-Earth Orbiting (LEO) satellites, the accuradlytbe orbits has increased due|to
improvements in both the dynamical and geometmnoatiels, the observation accuracy
and the methods for using both improvements.. is phesentation, we describe recent
advances in GPS-based POD for LEO satellites. &helts presented here demonstrate
that better absolute orbit accuracy is obtainedgusiigh-low double-differenced (DD)
carrier phases formed by two GPS satellites, opergt station and one LEO satellite;
while better relative orbit accuracy can be achdeusing high-high DD carrier-phases
formed by two GPS satellites and two LEO satellitéoth high-low and high-hig
GPS DD observations are used for LEO POD, bothréative and absolute orhit
accuracy is increased. In addition, the impactrobiguity resolution on the LEO PO
accuracy is investigated. The criterion for mostrent ambiguity fixing methods i
based on based the variances of the estimatedakeded DD bias. A new approach,|is
discussed which is based on the difference betweenestimated and adjusted DD
ionosphere free phase biases based on the ressldedane and narrow-lane integeys.
For our investigation, we utilized data from the BFE (Gravity Recovery and Climate
Experiment) satellites. The orbit accuracy was s using a number of tests, which
include analysis of orbital fits, Satellite Lasearfging (SLR) residuals, K-Band Rangi
(KBR) residuals and external orbit comparisons. Tégults show that improved orbit
accuracy for the GRACE satellites can be achiekealigh the combination of high-lo
and high-high GPS DD observations as well as theiguity resolution. The inte
satellite baseline accuracy is improved by factdwo and a half, from 5 mm to 2 mm.
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GNSS Orbit Validation Using SLR Observations at COE

D.Thallet", Krzysztof Sonica', Rolf DacH, Adrian Jagdi Peter Steigenberder

'AlUB
2TU Miinchen

Abstract

SLR observations to GNSS satellites provide anpeddent validation of the orbi}s
determined from microwave observations, thus, allgwis to assess the quality of the
GNSS orbits.

We have reprocessed GPS orbits for the time sp@4-2012 and GLONASS orbits for
the time span 2003-2012 at hand which were gertenatth the latest models. The
validation with SLR observations is shown.

Since about one year, a few SLR stations are tngcttie full GLONASS constellation.
This allows more detailed studies on issues relatele orbital plane.
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Analysis of the Usefulness of GRACE, NOAA and WGHMModels for the Flood
Risk Assessment

Birylo M., ?Ditmar P.,'Uradzinski M.
YUniversity of Warmia and Mazury in Olsztyn

TU Delft, Delft Institute for Earth-Oriented Spamsearch

Abstract

In connection with the implementation of tasks iagsfrom the Directive 2007/60/WE

of the European Parliament and the Council on flesidassessment and management, it
is worth noting how models that are based on GRA®EA can be useful in the
implementation of tasks arising from this Directive

Poland is characterized by large flows of waterses mainly in spring, and the smallest
in autumn and winter months. Many years of obsewmathowed that the greatest threats
for Poland cause prolonged heavy rains in parth@fupper Vistula and the Oder,
depressive Zulawy areas. Comparison of modelsateabased on GRACE data to the
results of many years of observation makes it ptsdo predict the potential flood

hazards. For this purpose, the posgssed data obtained from the computing
center DEOS from TU Delft, the NOAA hydrological ded and WGHM meteorological

model were used. Time series of hydrologic phen@merPoland in monthly intervals

for the area covered by the flood of 2010 were tece@nd calibration of NOAA an
WGHM data was conducted. Next, GRACE model was @ma with calibrated lan
hydrology models. The authors noted a high degrfeeoarelation of the analyze
models.

During the analysis of time series of data filtemeith ANS filter, it was found that i
2010 the trend intensified the occurrence of floddwas because of high value of EWT
in March.

Based on the survey, it can be very likely to $at bbservations based on GRACE data
are very useful for monitoring climate. The climatenitoring can and should be used to
monitor the flood periods and for the realizatidnasks arising from the Directive.
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Performance of the Selected Geopotential Models whitthe Empirical Accelerations
in the Aspect of GOCE Satellite Orbit Computation

Andrzej Boboj, Andrzej Droyner

University of Warmia and Mazury in Olsztyn
Department of Astronomy and Geodynamics, Olsztytaft

Abstract

In this work, the chosen geopotential models aedusr modeling of the orbit of the
Gravity Field and Steady-State Ocean Circulatiopl&er Mission (GOCE) satellite.
Selected gravity field models include, among ottiengs, the recent models from the
GOCE mission and the models such as EIGEN-51C, AGHAMPO3S, ITG-
Grace2010s, EIGEN-5C, EGM2008, EGM96, OSU91a. Antaol for orbital researc
is the Toru Orbit Processor (TOP) system, which is based enGbwell 8th orde
numerical integration method. The TOP software aaiep a satellite orbit in the field of
gravitational and non-gravitational forces, alshkirig into account the relativistic and
empirical accelerations. The 1-day orbital arcseasymputed using various geopotential
models and empirical accelerations for the absampdf modeling errors. The set of the
root mean squares (RMS) of the differences betwbensatellite positions on the
computed orbits and on the reference orbit wasraheted. The reference orbit was the
1-day arc of the reduced-dynamic Precise Scienti @°SO) of the GOCE satellite
delivered by the European Space Agency (ESA). Wienparing the computed orbits
with the reference orbit, parameters of the emaliracceleration models were estimated
in order to achieve the lowest RMS values. Thealinend non-linear models of the
empirical accelerations were used in the numetesik. The obtained RMS values ar|
measure of sensitivity of the given geopotentiateis in the aspect of error absorption
using the empirical accelerations, especially théial acceleration. This sensitivity |is
smaller for the recent geopotential models, congpari¢h the older models coming, for
example, from the eighties and the nineties.

AA
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Measuring the Extent of Error gravity Anomalies Calculated from GRACE Data
Within the Area of Poland

Birylo M, Uradzinski M.

University of Warmia nad Mazury in Olsztyn

Abstract

International Center for Global Gravity Field Modualhich is under the auspices of the

International Association of Geodesy, offers onwisbsite the possibility of obtainin
archival and currently published GRACE observatiata. In the present study, raw &

processed data for several data centers (JPL, OERS, GFZ) were obtained from

ICGEM sites.
The aim of this study was to analyze the exterdrodr gravity anomalies designated

g
nd

by

the calculation centers. For the analysis sele@kyant data from the years 2008, 2009,

2010 for February, March, May and November wereseho There were significant

differences between the values of gravity anomatiegraphical distribution of gravit

anomaly differences for Polish territory was detiewd. All required data was derived

Yy

from several data centers. The aim of this work teasee where there are values abpve

the level of 1.1 mgal, which is a accuracy requeatmof Polish technical standard G

Scandinavia.

The results showed that data for several data ient@ich were obtained from ICGEM
sites differ significantly. In the area of southseain Poland, limit value of 1.1mgal was

exceeded, what does not allow the use of thisfdatgeodetic work.

2.
Similar analysis were also conducted for the aréaneghboring countries and
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Orbit and Baseline Determination for Formation Flying Satellites Using Spaceborne

Dual-frequency GPS
Defeng Gu, Jing Yao, Jia Tu

Department of Mathematics and Systems Sciencee@obf Science, National University of
DefenseTechnology, P. R. China
Abstract

Spaceborne dual-frequency GPS observations are oatynemployed nowadays on low-Earth orp

(LEO) satellites for high-quality orbit knowledgadprecise relative positioning of formation flight/e

it

study on the data processing methods which aréatriacmeet the high precision demands ofboth singl

satellite orbit and formation flying baseline detération. We emphasize our strategies from thecs
phase error modeling, differenced phase techniegqef@armation flying relative positioning. Softwaie
developed at NUDT and the solutions are verifiedSBRACE data.

1) We probe into the phase error modeling andnifgaict on precise orbit determination (POD) of LE
satellites.Limiting factors are mainly encounteveéth the in-flight phase error modeling. The phaser
is modeled as a compound error of systematic paltrandom part which both depend on the direction

GPS signal reception. The systematic part and atdndeviation of random part in phase error model|l a

o

(o]

respectively estimated by bin-wise mean and stahdbaviation values of phase post-fit residuals

computed by direct orbit determination. By removihg systematic part and adjusting the weight afsglp

observation data according to standard deviatiomaaoflom part, the orbit can be improved by POD
approach again. For the 31-day GRACE data procebgegrecise orbit improvement, the root mgan
square (RMS) values of phase post-fit residualsradeiced by about 3 mm, the 3-Dimensional (3D)
magnitudes of orbit improvement for GRACE A and GEAB are 0.0153 m and 0.0131 m respectively,
the 3D RMS values of orbit comparison results WitL precise science orbitsare reduced from 0.0553 m

to 0.0527 m for GRACE A and from 0.0515 m to 0.05062for GRACE B, and the relative positions

obtained by zero-difference GRACE orbits are sigaiftly improved by 0.38 cm K-band standard

deviation.

2) We study the reduced dynamic orbit determinatising differenced phase in adjacent epochs

for

Spaceborne Dual-frequency GPS. This method not omBrcomes the shortcomings that the epach-
difference kinematic method cannot be used wherershSon geometry is poor or observations pre

insufficient, but also avoids solving the ambiguitythe zero-difference reduced dynamic methodth&s
epoch-difference method is not sensitive to theachpf phase cycle slips, it can lower the diffigubf
slip detection in phase observation preprocessinthe solution strategies, we solve the high-disiamal

matrix computation problems by decomposing the lobgervation arc into a number of short arcs.|By
GRACE satellite orbit determination and comparethwsFZ post science orbit, for epoch-difference
reduced dynamic method, the RMSof radial, trangversed normal components are 1.92cm, 3.83cm|and

3.80cm, and 3D RMS is 5.76cm. The solution’s aacyria comparable to the zero-difference reduc
dynamic method.

3) We obtain 1mm level baseline determination foo tsatellites formation using GRACE formation

configuration. The key technologies of 1mm levekddme determination for GRACE formation ar

ed

e

presented, including spaceborne dual-frequency &R& preprocessing, zero-difference reduced dynamic

orbit determination for single satellite, doubléelience (DD) reduced dynamic relative orp
determination for two formation flying satelliteBD integer ambiguity resolution and so on. Preoidst
determination software is developed, with which GFHAtwo satellites orbits are estimated, and theltes
show that the baseline determination precisiolGRACE two satellites formation is 1.36mm compared

it

t

the K-Band Ranging (KBR) observations, and the ayersuccess rate of DD integer ambiguities

resolution is about 85%.
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Modeling and Characterization of the GPS Block II/IA Attitude
Jan P. Weiss, Yoaz Bar-Sever, Willy Bertiger, SiraiD. Desai, Nate Harvey and Ant Sibthorpe

Jet Propulsion Laboratory, California InstituteT@chnology

Abstract

We characterize GPS Block Il/llIA shadow and posteslw maneuvers by way of
“reverse” precise point positioning (PPP). Thisht@que takes advantage of the non-zero
antenna phase center offset, representing the rveota the satellite center of gravity
(CG) to the antenna phase center, to estimatepdmesraft yaw attitude. We begin with a
standard GIPSY-based precise orbit determinatio®D()P solution for the GP$
constellation, and use the estimated ground stataposphere, clock, and position, |as
well as the reduced-dynamic GPS orbit solutiomasiti to a follow-up estimation where
the spacecraft body-fixed X, y, and z antenna phaster offset components relative the
CG are estimated as unconstrained stochastic whise parameters every 30 seconds.
The spacecraft bodyfixed z-axis points towards Eaeth, x points along the velocity
vector, and y completes the righthanded coordisgséem. The yaw angle is defined|as
the angle between the spacecraft velocity vectdrtiha body-fixed x-axis, and is direc
observed from the reverse PPP estimates.

In this presentation we utilize the outlined appfodo characterize both shadow and
post-shadow maneuvers of the GPS Block II/ll1A speafé over a period of eight years.
The results indicate that the reverse PPP yaw aggjienates are determined with jan
accuracy of a few degrees, with significant potrfor smoothing to improve precision.
We fit linear models to the yaw angle estimatesndushadow (when the spacecraft
traverses umbra) and compare the resulting yawtoagstimates from standard GIP$SY
POD solutions. On average the yaw rate estimatas both techniques agree to 0.003
deg/sec. Comparisons of empirical yaw attitudéhwodtandard model (Bar-Sever, 1996)
furthermore show excellent agreement in the timohgoon and shadow maneuvers.| In
light of this, we use the reverse PPP techniqueatimate the subtle dependence of the
yaw bias on the angle between the GPS orbital pdaugethe plane of the Earth's orpit
around the sun (“beta” angle). We additionally elcterize post-shadow maneuvers [for
which data are typically removed in POD solutioesduse the direction and duration| of
the yaw maneuver to recover nominal attitude are st@ightforward to model.
analyze post-shadow maneuvers in terms of yaw argieus time, the turn directio
and orbit beta angle. Based on the empirical result test possible approaches [for
including post-shadow data in future orbit repreogg campaigns.
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Geocenter Coordinates and Polar Motion Estimated fsm a Combined Multi-GNSS
Data Analysis

M. Meindl}, R. Dach, D. Thallet, S. Schaér G. Beutlet, A. Jaggt

'AlUB
2Swisstopo

Abstract

GPS-only, GLONASS-only, and GPS/GLONASS combinedetiseries of geocenter

coordinates and (subdaily) polar motion parametene computed based on four years
(2008-2011) of GNSS observations from a global oetwof 92 stations. Special care

was taken to keep the GPS and GLONASS solutiomg dohsistent and comparable, |in

particular where the station selection is concerned

We demonstrate the presence of GNSS-specific eifa the geocenter time series|as
well as in the polar motion series. These artifacésexplained by perturbation theory.
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Adjustable Box-Wing Model for GNSS Satellites: Impat on Geodetic Parameters
C. Rodriguez-SolarfpU. Hugentobler, P. SteigenbergerM. BloRfeld and M. Fritsché

Ynstitut fur Astronomische und Physikalische GedelaBechnische Universitat Miinchen
’Deutsches Geodatisches Forschungsinstitut

3Institut fur Planetare Geodasie, Technische Uniti#rBresden

Abstract

Modeling of non-conservative forces is a key isfureprecise orbit determination of
GNSS satellites. Furthermore, mismodeling of thfesees has the potential to explain
orbit-related frequencies found in GPS-derivedatatoordinates and geocenter, as well
as the observed bias in the SLR-GPS residuals.r8esathors also found orbit-related
frequencies in the EOP (e.g. x-pole rate). Duénéodomplexity of the non-conservative
forces, usually they have been compensated by m@pmodels based on the real |n-
orbit behavior of the satellites. Recent studiegehfocused on the physical/analytical
modeling of solar radiation pressure, Earth radmagressure, thermal effects, antenna
thrust, among different effects. However, it hagrbe&lemonstrated that pure physical
models fail to predict the real orbit behavior wsthificient accuracy.

In this study we use a recently developed solaatiath pressure model based on the
physical interaction between solar radiation aneléi@, but also capable of fitting the
GNSS tracking data, called adjustable box-wing rhoBarthermore, Earth radiatign
pressure and antenna thrust are included as ai @omeleration. The adjustable
parameters of the box-wing model are surface dppicgerties, the so-called Y-bias and
a parameter capable of compensating for non-nonariehtation of the solar panels.
Using the adjustable box-wing model we study thpaat on the geodetic parameters,
derived from a multi-year GPS/GLONASS solutiongligtation coordinates, geocenter
and length of day (LOD). Furthermore, we also sttty impact of stacking the box-
wing parameters over several days, profiting frowa tonstant nature of the adjust
box-wing parameters.
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On Traveling lonospheric Disturbances Induced by Uderground Nuclear
Explosions and Earthquakes: Case Study

Jihye Park Dorota A. Grejner-BrzezinskaRalph vonFreselade Mortoh

The Ohio State University, USA
“Miami University, USA

Abstract

The ionosphere responds to earthquakes, tsunaopgdl storms, chemical explosior
underground explosions, and other geophysicaliiesv These phenomena can gene
disturbances in the ionosphere, referred to aliray ionospheric disturbances (TID
The TID can be extracted from the ionospheric defa@NSS signals by eliminating th
dominant trend from the solar diurnal variationeTdim of this study is to discrimina
the specific TID wave generated by the undergrawndear explosion from other ever
such as earthquakes. This study focuses on the ifieced by an earthquake a
underground nuclear explosion (UNE), and the unicjusracteristics of the waveforn
created by these two types of events are demoedtrat

To discriminate the waveforms of TID induced by WNEom those generated |
earthquakes, the North Korean UNEs, detonated &% 2ld 2009 were compared to {
TIDs from the earthquake of 2011 that occurred ahoku, Japan. For each event,
GPS data from the vicinity permanently trackingistes were collected. Using the du
frequency GPS signals, the ionospheric delay waserd that was converted to t
total electron content (TEC) to observe the TIDe Hmall fluctuations in the region
trend of the TEC, caused by the specific local &ewere extracted by taking tf
numerical third order horizontal 3-point derivasvelhe significant derivative pea
were considered as the TID waveforms. In additthe, coordinates of the epicenter
the event were determined by the detected TIDs aitipte stations with varying
distances from the event.

This study focused on exploring the characteristitshe TID waveforms. The TID
detected by the 3-point derivatives of the TEC aigmere independently verified by
wavelet de-noising technique. The correlation goetffits (CC) between the TID signe
of the UNEs of 2009 and 2006 were significantlyh@igthan their CCs with the TID
from the Japanese earthquake. In addition, theecklpower spectra revealed that
TID waveforms from the earthquake had significahtkyer frequency components th
the UNE-induced TIDs. The results of this case wtundlicate that TIDs induced b
different events can be readily discriminated based their distinctive spectra
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Generation of Hourly Global Maps of the lonosphericPeak Electron Density and
Peak Height from GPS_TEC Maps

T.L. Gulyaeva F. Arikarf, M. Hernandez-Pajaréd. Stanislawska

YZMIRAN, Russia

2 Department of EEE, Hacettepe University, Turkey
3 " 2 <"2=3 !
“Space Research Center, PAS, Warsaw, Poland

Abstract

Conversion of Global lonospheric Maps, GIM-TEC, the ionosphere global
instantaneous maps of foF2 and hmF2 is producety dai IONEX format at
(http://www.izmiran.ru/services/iweather/daily/) om the hourly UPC-GIM map
provided at (ftp://cddis.gsfc.nasa.gov/pub/gps/potsiionex/). Since October 2010,
UPC (one of the IGS centers that produce GIM) athtb provide GIM on an hourl
basis using Kriging interpolation. The globally aokvledged model of the ionosphere,
International Reference lonosphere extended toplasmasphere up to the Global
Positioning System (GPS) satellite height of 20,RE0(IRI-Plas) is used in assimilatiye
mode of operation using the GPS-derived (GIM-TEE)mgput. The paper discusses the
outcome of proposed technique and highlights tlhepects of providing the global maps
of the ionosphere peak parameters on-line for nogl@lurposes and operational usage.

This study is supported by the joint grant from TUSK EEEAG 110E296 and RFB
11-02-91370-CT_a.
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GNSS-based Near-Real Time lonospheric Monitoring ar Europe Available On-
Line

Chevalier J.-M., Bergeot N., Bruyninx C., Pottigtix Baire Q., Legrand J., Defraigne P., Aerts W.
Royal Observatory of Belgium

Abstract

With the beginning of the 24th Solar cycle, ther@ased Solar activity requires having a
close eye on the ionosphere to better understamdSgace Weather physics and |its
effects on radio communications and navigations. this frame, near-real ti
ionospheric models over Europe are now routinehegated at the Royal Observatory| of
Belgium (ROB). These models are available to thielipdhrough new interactive web

pages at the web site of the GNSS team (www.gnsare the Solar Influences Data
Analysis Center (www.sidc.be) of ROB. The models @nospheric Vertical Total

Electron Content (VTEC) maps estimated every 15utamon a 0.5°x0.5° grid. They are
based on the high-rate Global Navigation Satefiystem (GNSS) observations of the
real-time stations of the EUREF Permanent NetwdtlRN) provided by the RO
NTRIP broadcaster. The maps are published on th® ®R€b site with a latency of 57
minutes with respect to the last GNSS measurement.

In a first step, this paper presents the processirajegy used to generate the VTEC
maps: input data, parameter estimation, data eigaand interpolation method. In|a
second step, the VTEC maps are compared with elteomospheric products and
models such as Global lonospheric Maps (GIM) amndatblogical models. Finally, th
tools developed to further exploit the product mteoduced (e.g. on-demand animated
VTEC maps, statistics with respect to the 15 previdays, VTEC time series).

These new near-real time VTEC maps will allow asgruwithin the geographical scope
of the maps to estimate in near-real time the iphesc delay induced along the signal
of any observed satellite. In the future, the wab will continuously be updated in

response to evolving user needs. This paper opeoss do discussions with the user
community to target their needs.

%
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3-D ray Tracing of GPS Radio Occultation Paths

R. Norman, K. Zhand, J. Le Marshalt?, B. Cartet, C.Wand, S. Gordoh
'Satellite Positioning for Atmosphere, Climate andvEEonment (SPACE) Research Centre, RMIT

University, Melbourne, Australia,
’Bureau of Meteorology, Melbourne, Australia

*

Simulation results of GPS L-band signals received.dw Earth Orbit (LEO) satellite
determined using a new 3-D ray tracing technigue paesented. This study investigates
GPS signal variability as a function of time angiion due to the refractivity gradients
in the ionosphere and atmosphere. The 3-D numeraalracing technique involves
synthesizing ray tubes and producing ray paramsterk as the group path, phase path,
angle of arrival and signal strength. The 3-D regcing technique has homing-in
capability as is able to accurately determine thieect directional path to intercept the
LEO satellite. The 3-D ray tracing technique alsocaints for the birefringent nature of
the ionosphere caused by the presence of the Eantagnetic field and can trace the
ordinary as well as the extraordinary refracted payhs. The International Reference
lonosphere (IRl 2007) model is used to represeatréfractivity in the ionosphere and
the POGO 68/10 magnetic field Legendre model. Realiefractivity gradients based on
meteorological data are used to represent refictivthe stratosphere and troposphere.
Results showing 3-D ray paths will be presentedchviare important as current Radio

gradients are greatest. The effects of the Eamlagnetic field on the GPS RO signal
presented.
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Investigating the Quality of a New Regional Model bthe lonospheric Electron
Content

Nina Magnet, Robert Weber

Institute of Geodesy and Geophysics ,Vienna Unityeos Technology

Abstract

The ionosphere is part of the upper atmospherehnddilects electromagnetic waves py
its ionization. The resulting propagation delayfiequency dependent, so it can |be
determined with dual frequency measurements. Ire aafs single frequency users
ionospheric models are used to correct the measimsm

At the Institute of Geodesy and Geophysics (Viebmaversity of Technology) a ne
ionospheric model, labeled Multilayer Model, is endlevelopment. It consists of nipne
horizontal equidistant electron layers within theght range of the F2 layer, where the
maximum of the ionization can be found. The renmgrionospheric layers (e.g. the
layers) are currently not considered. The electontent of each of the nine layers|is
obtained from a simple model with very few paramgtdike the current maximu
VTEC and weighting functions to account for theestal distance between coordinates
of the sub-sun point and the IPP-points of interAfit parameters are calculated with
hourly time resolution from a combination of glol{f6S-stations) and regional GNSS
observation data. The Multilayer-Model focuses egional densification of global

ionosphere models (e.g. IGS VTEC SH models) by meah a small and easy

predictable set of parameters.

The B-Spline Model is processed at the DGFlI (Dédsc Geodatisches
Forschungsinstitut) by Michael Schmidt et al. Withinis model the electron density |of
the ionosphere is interpreted as a free-form serfatich is approximated by a one-
dimensional B-Spline function. This B-Spline modehgain well suited to describe the
regional variations of the electron content.

In this presentation VTEC values calculated with kultilayer Model are compared to
the results of the B-Spline Model in order to eatduthe new model. The researc
done within the project GIOMO (next Generation nezal-time 10nospheric MOdels)
which is funded by the Austrian Research Promodgency (FFG).
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The Occurence of the TEC Fluctuations at High Latiides during very Low Solar
Activity

R. SieradzKiand I. Cherniak

*University of Warmia and Mazury in Olsztyn, Geodgries Research Laboratory, Poland
%West Department of IZMIRAN, Russian Federation

Abstract

During the last few years the number of the GP3npeent stations at high latitudes
have been increasing systematically. Currentlynisigvorks of the GNSS receivers make
possible to study of the ionospheric irregularite#h high spatial and temporal
resolution. Since 2010 at GRL/UWM laboratory nesatitime online service of the TEC
variability has been developed. In order to in\gg® the occurrence of the high-latitude
TEC fluctuations, 30 second GPS measurements ak uBased on observations from
more than 100 permanent stations daily map of tB€ Tluctuations as a function
geomagnetic local time are created.

In this work the variability of the high-latitudenosphere during the last extended solar
minimum is presented. Main goals of the studiesew®e calculations mean of TEC
index rate (mean ROTI) at high latitudes duringyvguiet ionosphere. On the basis near-
real time daily calculations for year 2010 and datatprocessing for years 2008-2009,
the monthly average maps of the TEC fluctuationgewereated. The results |n
appropriate way show the temporal and spatial rafgine intensive fluctuations fg
quiet conditions. The presented results should e background layer for next
studies during the coming high solar activity.

=
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GPS and lonosonde Measurements at the Pruhonice Glysatory

Z. Mosna, L. Rejfek

Institute of Atmospheric Physics, Academy of Scemnof the Czech Republic

Abstract

lonospheric measurement has been provided at Paghstation (50N, 15E) since 1957

using various types of ionosondes. These obsenstizere complemented using the

Topcon G3 receiver in year 2010. While GPS measentrare widely used to study the

state of the ionosphere combination of the ionosamt GPS measurement is relatively

rare. First results are presented from both quiet disturbed days. The advantage

of

using two such a different methods of ionosphebseovations in one place is discussed.
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Optimum Algorithms for Real-Time lonospheric Scintillation Monitoring System

Grzegorz Nykiel, Mariusz Figurski

Centre of Applied Geomatics, Military University déchnology

Abstract

Disturbances occurring in the atmosphere are onlkeomost important factors affecting
the precision and accuracy of GNSS measuremenégialip during ionospheric storm.

Therefore precise investigation of this subje@xgemely important in the context of t

ne

conducting and developing of high frequency sagliheasurements. This study was
made to select the optimum method of detrending @&R®% data and calculating phase

scintillation from real-time high-frequency GNSS asarements. Several methods
trend eliminations have been tested with the falhgvmethods of calculating pha
scintillations: standard algorithm, method proposgdBiagio Forte and the algorith

of
S5e
m

called CHAIN. All calculations were tested on th@ample EPN site TRDS (Trondheim)
using the data from the period between 8th and Marhch 2012 (ionospheric stormy).
Moreover, paper presents a brief analysis of thgaohof ionospheric disturbances for
determined position. The best method was implendenite the operating system,
developed by the Center of Applied Geomatics atMiigary University of Technology
The main element of the system is reference statigmpped with high-frequengy
Septentrio PolaRxS Pro receiver. Computing centaragement system is located in the
MUT where data acquisition, calculations, storage presentation of results are carrjed
out. The entire system is managed by speciallygdesi and written computer
application with database server. Atmospheric patars are calculated based on 50Hz
measurement data received from the reference s¢atidl the information collected in
one place and available online allows continuousitoang of the atmosphere and |ts
impact on the determined coordinates.
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Using of GPS TEC Observations and Radio OccultatioMeasurements for the
lonosphere’s Monitoring

Irina Zakharenkova lurii Cherniak, Andrzej Krankowslk Irk Shagimuratoy Rafal Sieradzki

1West Department of IZMIRAN, Kaliningrad, Russia
2Geodynamics Research Laboratory, UWM, Olsztyn, fitbla

Abstract

The information about the state of the Earth’s gpiwere is a very important for GN$S
community. Different radio methods and techniques applied in order to study the
ionosphere variability and structure. Nowadaysrttegority of the ionospheric research

activities in a global scale are based on the nreasents of navigation systems sign
Data provided by ground-based GPS receivers altovestimate values of vertical tot
electron content (TEC) up to the 20,200 km. GPSsm@aents onboard Low Ear
Orbiting satellites provide possibility to studynmspheric electron density distributi
on a global scale. This paper presents resulthefdint analysis of GPS/GLONAS
observations and FORMOSAT-3/COSMIC radio occultatiRO) measurements at t
extended solar minimum of cycle 23/24 over midtiatinal regions. COSMIC RO da
for different seasons corresponded to equinoxes soistices of 2007-2009 we
analyzed. All selected RO electron density profiesre integrated up to the height
700 km (altitude of COSMIC satellites), the monthhedian estimates of ionosphe
electron content (IEC) were retrieved with use phesical harmonics expansio
Monthly medians of TEC values were calculated frdiwrnal variations of GPS TE
estimates during considered month. Joint analysi3Rs TEC and COSMIC data alloy
us to extract and estimate electron content cooredgd to the ionosphere (IEC) and
analyse redistribution of electron content betwbetiom and topside parts of IEC
well as PEC (plasmaspheric electron content) fdfemint seasons of 2007-200
Percentage contribution of PEC to GPS TEC over latitlides indicates the cle
dependence from the time and varies from a minim@iabout 25-30% during day-tim

to the value of 50-60% at night-time of winter ssasContribution of bottomside IEC

has minimal values during winter season in compatie summer season (for both d
and night time). The obtained results were comparigid TEC, PEC and IEC estimat
retrieved by Standard Plasmasphere-lonosphere Model(SPIM,
http://ftp.izmiran.ru/pub/izmiran/SPIM/) that ha&et plasmasphere extension up
20,000 km (GPS orbit).

According to this approach it was analyzed seveasks of ionospheric disturbances
reaction to moderate geomagnetic storms duringheetd solar minimum period.

We acknowledge the University Corporation for Atmplosric Research (UCAR) fc
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providing the COSMIC Data and IGS community for Gi#8manent data.
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Statistical Plasma Properties in Relation to Geomagetic Activity Derived from
Demeter Data

D. Przepiérka, M. Grzesiak, M. Gromadzki, H. Rotbika
Space Research Centre, Polish Academy of ScieRoémd

Abstract

We have analysed measurements collected by Desegtglite. The aim of this study |s
to derive statistical plasma properties by disagbivarious electron populations,
characterizing them and relating their occurancelitterent geophysical conditions,
including deep solar minimum.

We have investigated electron temperatures and @&eitiity. In such a way we intend

to assign each electron population to certain tygfesaves in plasma, describe spatial
and temporal scales of plasma turbulence and fophr@nt physical mechanism lying
behind it.




P0O3-11

lonospheric Drifts Estimated Using GPS Scintillatim Data During Magnetic Storm
on 5-6'th of April 2010

Marcin Grzesiak, Andrzej Wernik
Space Research Center of Polish Academy of Sciences

Abstract

We have analysed the ionospheric drift patternndudisturbed geomagnetic conditions
on 5-6'th of April 2010 at high geomagnetic latiégsd(Hornsund). The stress in the
analysis is put on drift dependence on scale sizenderlying electron concentration
irregularities. We compare also spectral and cati@ methods of drift estimation.
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Improvement of the IGS Station Coverage in Latin Anerica

Sanchez, 1, S. Cimbarg, V. Cioc€, A. Echalat, G. GonzaleZz W. Martine?, A. da Silvd

'DGFI, Germany
|GN, Argentina
3LUZ, Venezuela
*IGM, Bolivia
*Inegi, Mexico
®|GAC, Colombia
'|BGE, Brazil

Abstract

After the strong earthquake of February 2010 in @@lean Region Maule, a huge
percentage of existing IGS reference frame station$South America suffered
irreparable discontinuity in their time series. Aading to IGS, SIRGAS and national
GNSS analysis centres in Argentina and Chile, #dagthquake produced co-seis
displacements between 5 m at the Pacific CoastZamth at the Atlantic Coast in

Argentina and Uruguay. Additional movements dughtopost-seismic relaxation during

the first months after the main earthquake andaftershocks are also evident in the
station position time series. Thereby, the religbibf the recently launched IGS08

reference frame decreased considerably in Southridanand the affected stations are|no
longer usable as a basis for the GNSS data analysisguarantee the long-term stability
of the ITRF in this region. Keeping in mind the mslements reached within the regional
reference frame SIRGAS and the planned second aegsing campaign of the |
global network, a set of continuously operating GRS stations was proposed to pe
included in this reprocessing with the main objeetof improving the IGS statio
coverage in Latin America. Initially, the IGS Rega Associate Analysis Centre for
SIRGAS (IGS RNAAC SIR), with the support of the inatl organizations responsible
for the reference frames in the Latin American ¢das, made a selection of about |70
SIRGAS stations which satisfy the IGS requiremefitss selection was evaluated py
the IGS Reference Frame Working Group, and aftenesinteraction with the IG
Global Analysis Centres, it was decided to incld@eSIRGAS stations not only in the

IGS reprocessing but also in the present routire p@Bcessing. SIRGAS provided the
IGS data centres with the metadata and all exisilveprvations (historical data) of the
selected stations by the end of January 2012. Rressasurements (since the beginning
of 2012) of the operational stations are directhpvded by the responsible Latjn

American agencies to the IGS. The next step is &mage, together with the |
Network Coordinator, the formal integration of teestations in the IGS network.
Accordingly, this presentation shows the geograghidistribution and mai
characteristics of the SIRGAS stations contributiaghe IGS network and it should

serve as an advertisement to promote routine catipotand usage of these stations
within the IGS community.
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BRUX: A New EPN and IGS Reference Station in Brusde

Wim Aerts, Pascale DefraigheJuliette Legranty Quentin Bair&, Filip De Doncke?, Dirk Lafourt&

'Royal Observatory of Belgium
“National Geographic Institute

Abstract

On Feb. 14, 2012, after more than 19 years, theaROpservatory of Belgium (ROB
had to decommission its EPN/IGS station BRUS (BelsssBelgium). A new station,
BRUX, located about 100 m from BRUS, was installe®006 in order to replace the
original station.

N

Compared to BRUS, BRUX has improved performancekbao better visibility and
equipment and enhanced multipath mitigation. Initemd its antenna has been
calibrated by the University of Bonn. The tie BRB&UX has been measured with both
terrestrial measurements as GPS.
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CORSnet-NSW Adjustable Antenna Mount (CAAM) for GNSS CORS

Russell Commins and Volker Janssen

Survey Infrastructure and Geodesy, NSW Land angd?tp Information, Bathurst, Australia

Abstract

Global Navigation Satellite System (GNSS) ContirglpiOperating Reference Station
(CORS) networks are being built and expanded ardbedworld, contributing to the

definition and realisation of geodetic referenanfes as well as providing reliable and

accurate positioning infrastructure for a wide marmd applications. Depending on the
purpose of the GNSS station, CORS antenna monunwvamys from concrete pillars

anchored to bedrock to masts attached to buildiAgsantenna mount is then used

connect the GNSS antenna to the monument. In sdisci is desired to orient the CORS

antenna to True North in order to gain maximum Befrem GNSS antenna modelling.
Other requirements generally include the unambigudefinition of the survey mark

below the antenna (supporting a clear definitiothef Antenna Reference Point, ARP

zero or minimal antenna height above the monunaemnt,the use of a truly vertical 5/8th
Whitworth thread spigot. This poster introduces @@RSnet-NSW Adjustable Antenna
Mount (CAAM), developed by NSW Land and Propertiohmation (LPI) for CORSnett

NSW, LPI's rapidly growing GNSS CORS network cowgrithe state of New Souf

Wales, Australia. The CAAM was purposely desigreeti¢ incorporated into (rather than

h

simply attached to) antenna masts located on Imgigdor free standing pole monuments
but can also be used for pillar monuments. Beiag of removable parts, it is adjustable

in order to orient the antenna to True North witheuroducing an antenna height,
thereby allowing a clear definition and maximuncéability of the survey mark and the

ARP.
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Availability and Completeness of IGS Tracking Data
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2AlUB: Astronomical Institute of the University ofeBn, Bern, Switzerland

Abstract

Timely availability of consistent GNSS tracking aats a basic condition for the
generation of best possible analysis products. |Bma concerning availability and
completeness of IGS observation files are highighThe steadily increasing number| of
observation types is monitored for each individgtation (and each relevant GNSS). The
statistics show among others that the homogenédithe reported types is no longer
ensured.
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Status and Plans for the NASA Global GNSS NetworkGGN)

David Maggert, Dave Stowers Nic Flores, Chuck Meerterts
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Abstract

The Jet Propulsion Laboratory (JPL) and UNAVCO apeNASA GNSS infrastructure

consisting of a network of 61 permanent GNSS gtatalled the Global GNSS

Network (GGN). These stations, operated in coopmratvith many international
agencies and groups, represent approximately 18¥eadctive stations that make up the

IGS permanent station network. The GGN thus pravatzess to GNSS ground track

ng

data that contributes to precise GPS orbit deteatiwin and terrestrial reference frame

control for a wide array of NASA missions as wed providing public data access

through the IGS structure.

A number of long running GGN reference frame staticare planned to recei
equipment upgrades; specifically antenna plus ra&dapygrades required to support
increase in GNSS satellites and signal types. Glaiag) these stations require prec
and delicate modification in order to adequatelyoant for position offsets due to su
equipment upgrades. Nine reference frame sitesint@ntto use an AOA chokerin
antenna, several with uncalibrated domes, and oselder method of mounting th
antenna which precludes the direct installation aofcalibrated antenna rador
combination. Plans for upgrade of the network amsfailation of new GGN sites ov
the next few years will be presented.
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UNAVCO Development and Testing Activities in Suppor of the IGS GNSS Mission

Frederick Blume, Lou Estey, Henry Berglund, and #sadPrantner
UNAVCO

Abstract

The UNAVCO Facility is actively investigating a nber of details critical to th
implementation and operation of next generatiorhdggecision GNSS net- works. Th
addition of new GPS signals and new GNSS congtalisitto IGS stations will requir
that new hardware, infrastructure, data formats softivare be carefully evaluated a
modified. UNAVCOQO'’s Development and Testing grougigaluating the current offering
from leading GNSS hardware manufacturers. Detatednparisons of technics
features, usability, data quality, and overall perfance will be presented. Findin
regarding the impacts of critical factors such amarrband RF interference a
earthquake ground-motion on tracking charactesstaf new hardware will b
highlighted.

Many global GNSS stations which are collocated wether space geodetic techniqu
such as SLR, and VLBI are in need of equipment aghes, especially antenna and
antenna/radome replacement. The data from thesenstare used in the determinati
of the Global Geodetic Reference Frame, thus remudelicate modifications in order
preserve sub-millimeter accuracy in positions. &lé techniques will be discussed.

The high reliance of data flow on UNAVCO's teqc jymm@cessing software and the 1G
push to embrace RINEX 3.xx have been at odds,qashas been limited RINEX 2.1X] .

Many new GPS signals and GNSS constellations cammbandled with current RINE
2 versions. We will present new options for futtegc development that will impleme

full GNSS translation, editing, and quality contadlall GNSS observables using RINE

3.XX or enhanced RINEX 2.XX formats. BINEX 7f-O5rfoat enhancements for ne
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observables are also under active development.
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NASA's Next Generation Space Geodesy Network

S. D. Desdi R. S. Gross L. Hilliard?, F. G. Lemoin& J. L. Long, C. M&, J. F. McGarr$; S. M.
MerkowitZ, D. Murphy, C. E. Nolf, E. C. Pavli§ M. R. Pearlmaf D. A. Stower} and F. H. Webb

Jet Propulsion Laboratory, California InstituteTaichnology

’NASA Goddard Space Flight Center
3University of Maryland

Abstract

NASAs Space Geodesy Project (SGP) is developirgadotype core site for a ne
generation Space Geodetic Network (SGN). Eacheosites in this planned network C
locate current state-of-the-art stations from allrfspace geodetic observing syste
GNSS, SLR, VLBI, and DORIS, with the goal of achieymodern requirements for tf

International Terrestrial Reference Frame (ITRHR). particular, the driving ITRE

requirements for this network are 1.0 mm in accpiead 0.1 mm/yr in stability, a factc
of 10-20 beyond current capabilities.

Development of the prototype core site, located NASA's Geophysical anc

Astronomical Observatory at the Goddard Space El@gnter, started in 2011 and wi

be completed by the end of 2013. In January 2048, dperational GNSS station
GODS and GODN, were established at the prototyymevgithin 100 m of each othe
Both stations are being proposed for inclusion the IGS network. In addition, work
underway for the inclusion of next generation Suidl &/LBI stations along with §
modern DORIS station. An automated survey systerbeiag developed to measy
inter-technique vector ties, and network desigulisgiare being performed to define {
appropriate number and distribution of these nextegation space geodetic core s
that are required to achieve the driving ITRF resmients.

We present the status of this prototype next géioergpace geodetic core site, rest
from the analysis of data from the established ggodstations, and results from t
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ongoing network design studies.
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3SSAI/NASA Goddard Space Flight Center, USA

Abstract

The Crustal Dynamics Data Information System (CDD88pports data archiving and
distribution activities for the space geodesy amddynamics community. The majin
objectives of the system are to store space geodedygeodynamics related data
products in a central data bank, to maintain intian about the archival of these data,
and to disseminate these data and informationtimely manner to a global scientifjc
research community. The archive consists of GN&&rlranging, VLBI, and DORIS
data sets and products derived from these data.CDRIS is one of NASAs Earth
Observing System Data and Information System (E@$DRiistributed data centers;
EOSDIS data centers serve a diverse user commamityare tasked to provide facilities
to search and access science data and products.

The CDDIS data system and its archive have becommreasingly important to many
national and international science communitiesti@darly several of the operationgl
services within the International Association ofo@esy (IAG) and its project the Global
Geodetic Observing System (GGOS), including therhdtional DORIS Service (IDS),
the International GNSS Service (IGS), the Inteoral Laser Ranging Service (ILRS),
the International VLBI Service for Geodesy and Astetry (IVS), and the International
Earth Rotation Service (IERS).

The CDDIS has recently expanded its archive to supphe IGS Multi-GNSS
Experiment (MGEX). The archive now contains daitydahourly 30-second and sub-
hourly 1-second data from an additional 35+ stationRINEX V3 format. The CDDI$
will soon install an Ntrip broadcast relay to sugpbe activities of the IGS Real-Time
Pilot Project (RTPP) and the future Real-Time IG&vige. The CDDIS has also
developed a new web-based application to aid usedata discovery, both within the
current community and beyond. To enable this desteostery application, the CDDIS |s
currently implementing modifications to the metadaktracted from incoming data and
product files pushed to its archive.

This poster will include background information abothe system and its user
communities, archive contents and updates, enhamsnfor data discovery, new
system architecture, and future plans.
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The ESA/ESOC GNSS Network Progress, Improvements a@anPlanned Upgrades in
the Station Network

Mark van Kints, Jens Martin, Ignacio Romero, WerBederle
ESA/ESOC

Abstract

ESA/ESOC station network progress and upgrade pldres ESOC station network is
the process of being upgraded to full GNSS recsiueran effort to continue to be
reliable provider of GNSS data for all the constigdins.
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The IGS Campaign to Measure Position Corrections foUn-calibrated IGS Radome
Stations

Ignacio Romery Paul Rebischurfgdim Ray, Ralf Schmid, Steve Fishér Jake Griffithd

'ESA/ESOC, Darmstadt, Germany

|GN, Paris, France

3NOAA/NGS, Silver Spring, Maryland, USA
“TUM, Munich, Germany

°JPL, Pasadena, California, USA

Abstract

The IGS through the Infrastructure Committee, thealfsis Combination Center, the
Antenna Working Group, the Reference Frame Workangup and the Central Bureau
have organized a campaign to try to measure thaamk bias in the estimated positipn
for co-located stations due to un-calibrated radoroeer the GNSS antenna. The
proposed approach of removing the un-calibrate@medfor a significant number of
weeks and then putting the radome back on in thetesame position, have been agreed
by a number of relevant Station Operators. Thidgrgeresents the campaign approach,
the participating stations and some initial results
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The Canary GNSS Center; An Effort to Promote SpaceGeodetic Data and
Techniques for Africa

Ignacio Romero
Canary Advanced Solutions, Telde, Canary IslangajrS

Abstract

Africa is the continent with the least freely aahle good public GNSS data for long-
term geodetic studies such as the ones promoteldebfcS. The Canary GNSS Center
(CGC) is a non-profit effort based in the Canatgnids to offer a free Data Center to fall
organisations for their public GNSS data for thad§# of a worldwide community. Th
CGC'’s ftp and web presence represent the most esenplfrican GNSS data repository
serving as a benefit to researchers worldwide.s pbister will summarise the CGC, the
data holdings and some preliminary results in th@ext of the AFREF efforts.
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GPS Data on CDAWeb

Dieter Bilitzd, Robert McGuiré

'Goddard Space Flight Center, Maryland and GeorgsoM&niversity, USA
“Heliophysics Science Division, NASA Goddard Spalight Center, USA

Abstract

NASA's Space Physics Data Facility (SPDF) at theddaod Space Flight Center
provides access to data from almost all of NASAJace physics satellite missions
through its CDAWeb browse and plot web interfacegp{licdaweb.gsfc.nasa.gov). The
system is widely used in the space physics commum@is documented by
acknowledgements in scientific journals (~20% df MR papers in 2011). Recently
SPDF added the IGS-GPS data set of Total Electrontedt (TEC) to its holding
because of the importance of TEC measurementsdayraf the other satellite missions.
We will give a brief description of the CDAWeb sgst and an overview over recently
implemented enhancements with a strong focus onGR& TEC data and on other
closely related data sets on CDAWeb.
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GLONASS Inter-Frequency Code Biases and PPP CarriePhase Ambiguity
Resolution

Nico Reussner, Lambert Wanninger,
Geodetic Institute, TU Dresden, Germany

Abstract

their signals distinguishable. GPS satellites beaat their signals on the same

The two fully operational GNSS GPS and GLONASS dgkerent methods to majﬂe

frequencies but with different PRN codes (codesiori multiple access, CDMA).
the other hand, GLONASS satellites transmit thginals with the same PRN code |
on slightly different frequencies in the two fregog bands L1 and L2 (frequen
division multiple access, FMDA).

These GLONASS signals experience different codaydein the receiving equipme
which affect both, the code positioning solutiomsl aambiguity resolution techniqus
which rely on the code measurements. Neverthellessarrier-phase is affected too, |
the modelling and the correction of the carriergghater-frequency bias (IFB) seems
be easier then the modelling and the correctioth@fcode IFB or of combined carrieg
phase/code IFB.

Precise Point Positioning (PPP) ambiguity resofutis based on a 2-step fixir
algorithm. Usually, the first step involves the Melirne-Wibbena linear combination
resolve the widelane ambiguities. This linear camabon is a combination of carrie
phase and code and has the advantage that it &ffaoted by the atmosphere, orbit g
clock errors. Hence the signal delays are a cortibmaf the delays from carrier-pha
and code. In the case of GLONASS, the frequencyuai@gnt signal delays often preve
a successful ambiguity resolution since they arestiyjoreceiver individual an
sometimes even receiving channel individual.
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As an alternative approach to fix widelane ambigsita pure carrier-phase widelane

ambiguity resolution can be used. Here, code ohsiens are not directly involved ar
thus the frequency-dependent code delays do nettathis method. This approad
however, is affected by many other kinds of GNS®rsr with ionospheric refractio
effects being the most prominent ones, and of eolbysthe IFB of the carrier-phase.

Both methods to resolve widelane ambiguities hagenbimplemented in our PR
analysis software so that we are able to compaie plerformances. We will present o

nd

latest results of GLONASS PPP ambiguity resoludod compare both methods.
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Abstract

Some GNSS systems, such as GPS and Galileo, hrailardrequencies, i.e. the L1-E1
(1575.42 MHz) and the L5-Eb5a (1176.45 MHz) frequesc These overlapping
frequencies are beneficial for mixed RTK positigpinmelying on integer ambiguit
resolution. Instead of forming double-differencdthpe and code observations for each
GNSS separately (thereby choosing a pivot satefiite each system), with the

overlapping frequencies it is possible to form tlmeible differences with respect to the
pivot satellite of just one system. As a consegeenadditional parameters need to|be
estimated in the system of mixed observation eqoatithese are the differential Inter-

System/Signal Biases (ISBs), accounting for théeddhtial receiver hardware delay

difference between the different systems’ and dgyphase and code observations|on
overlapping frequencies.

In this contribution monitoring results are pregentf the differential ISBs between GPS
and GIOVE, the two experimental Galileo satellit€ke ISBs are estimated from data
collected at Curtin University (Western Australa)d Delft University (Netherlands) in

various zero-baseline setups and for differentivecdypes. The results indicate that the
differential ISBs are stable in time, for both L1-Bnd L5-E5a phase and code.
stability may give rise for calibration of the Qab double-difference (relative to the
GPS pivot satellite) observations using the eseahaifferential ISBs. This would allo
the Galileo data to be processed as if they wed#iadal GPS data, thus strengthening
the model as compared to a separate double diffiexgfor each system.
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Mitigation of Standing Multipath Based on Time-Frequency Analysis and Adaptive
Filtering

Jiying Liu, Bo Chen, Chao Xu, and Xiaojun Duan

Department of Mathematics and Systems Sciencee@obf Science, National University of
DefenseTechnology, China

Abstract

Geostationary (GEO) satellites have been used tallisa navigation systems such jas
Beidou and augmentation systems of GPS. Because Saiellites are almost stationary
relative to the earth, some multipath signals amying very slowly. This will cause the
so called “standing multipath”, which can dramdticadecrease the accuracy
positioning. Multipath is corresponding to the @dweristics of the signal, the processing
method in the receiver, the antenna and signalviagescenario. These complex factors
make it quite difficult to eliminate the multipagrors.

Some approaches combined by radio frequency (RdFpast-processing methods hgve
been proposed to mitigate the standing multipatie post-processing methods can| be
classified into two types: the time-domain and fregcy-domain processing. Bartone
and Rizo’s frequency methods are based on the aafiyr of different errors of GNS
data in frequency domain and multipath is mitigaltgdsuppressing the corresponding
frequency in Fourier of wavelet domain.While theguency of multipath of the GE
satellite is much more lower, which may lap oversehof ionosphere, troposphere and so
on, and they are difficult to separate in frequedoynain. Furthermore, it needs the data
in one period at least to calculate its spectruar.the multipath of one day period, the

frequency domain method needs a whole day to liziitbon.The time domai
processing can be done in two different ways. Tils¢ én is developed by exploiting the
repeatability of multipath errors between successiereal days for a fixed-location
receiver, and the multipath is estimated and céettelith that one or several periods
before. But because the repeatability is just sapgoximate, it is not entirely satisfy.
The other one, code noise and multipath (CNMP)raposed for real time processing|in
Wide Area Augmentation System (WAAS). Because rmathh in the carrier-phase

measurement is quite smaller, the multipath in geenge can be cancelled in the
similar way as pseudorange smoothing. But unfotilpain our experiments (see

section 3) it is found that the smoothed code ilMENstill has some error left, which has
the same periods as standing multipath. This pagseran improvement of (CNMP)

monitor, we proposed a coefficient-adaptive filt€he coefficients of this filter ar
estimated according to the modeling of standingipath data by methods of time series
analysis. A numerical verification was carried &yt using WAAS data. The results

indicate that the proposed method can significastigpress the standing multipath and
improve the rate of filtering convergence.
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Wide-lane Bias and Fractional Phase-Bias Estimatiofor GIOVE and Galileo 10V
Satellites

André Hauschily Peter SteigenberdeOliver Montenbruck Urs Hugentoblér

'Deutsches Zentrum fiir Luft- und Raumfahrt (DLR) e@ifaffenhofen, Germany
?nstitut fiir Astronomische und Physikalische GedelaBechnische Universitat Miinchen, Germany

Abstract

Knowledge of satellite-dependent wide-lane biasesfeactional carrier-phase biases are
essential for precise zero-differenced ambiguigohation techniques. These properties
can now be obtained for GPS from different sourbes,they are not yet available for
new navigation satellite systems like the GIOVE daalileo 10V, due to a lack qf
publicly available data and suitable processingysok.

This poster provides estimates for the wide-lamsds and the fractional phase-biases for
GIOVE and Galileo 10V satellites based on measurgsmm&éom the CONGO network
and the IGS MGEX network. It will furthermore dissuthe effect of empirical
corrections applied to reduce the GIOVE—-A and —fBztBntial code biases between the
E1l and the Eb5a/b signals. Furthermore, the efféctliiferent multipath mitigatio
techniques will be discussed.
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Which IGS Products for PPP With Integer Ambiguity Fixing?
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Abstract

Since November 2009, the GRG solution (CNES/CLS HBS8lysis centre) delivers |n
sp3 and clk files specific clock products (phasecks), which allow integer ambiguity
fixing in PPP mode.

Currently, there is still an issue in these produmbncerning the translations of the
reference network, which are not fixed relativadylTRF as for the other IGS analysis
centres. This is why the current GRG clocks areussd in the IGS combined clock
product. Nevertheless the GRG orbits/clocks calh Iséi used to solve for receiver
positioning with ambiguity fixing (Integer PPP, IPP

This presentation summarizes the hypotheses usednstruct the GRG phase clock
solution (use of the widelane Melbourne-Wubbennapifree pseudo-range and phase
combinations).

The added or modified parameters necessary forguitpifixing in IPPP solutions ar
defined following the definitions given by J. Koukha 'A GUIDE TO USING
INTERNATIONAL GNSS SERVICE (IGS) PRODUCTS'. Variossts of parameters are
possible to achieve the correct modeling (theserpaters are needed by the IPPP user).
Many conventions are possible, either definitioluse to the initial raw measurements

(one bias for each observable), or definitions eltisthe solved expressions (widelane,
pseudo-range and phase iono-free clocks).

The current PPP formulation in floating mode isseldo the second approach while other
igs products (P1P2 biases) remain close to thialioibservations.

—

When the PPP user models are clearly defined, isingple to combine differen
orbits/clocks/biases solutions in order to prodiieebest residual for the user.
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?|nstitute of Geodesy and Photogrammetry, Swiss faédtestitute of Technology, Zurich, Switzerland
3Institut fir Astronomische und Physikalische GedglaBechnische Universitat Miinchen, Munich,
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“European Space Operations Centre, European Spareydarmstadt, Germany

Abstract

In the frame of the ESA project “Satellite and BtatClock Modelling for GNSS” we
present a review of the code and phase biasesdnbatween existing GNSS. The
stability of these biases and opportunities forirthreodeling are investigated and
compared to the requirements for successful antyig@solution on the zero- and
single-difference levels.

Based on both simulated and real data, the tratiatk ambiguity resolution i
investigated, with a special focus set on the irhpaclock modeling.
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Computation of the IGS Final Troposphere Product bythe USNO

Sharyl Byram and Christine Hackman

GPS Analysis Division, Earth Orientation Departmeéitited States Naval Observatory

Abstract

The United States Naval Observatory (USNO) sergesng of the International GNSS
Service's (IGS) analysis centers (AC), producintutgms for the GPS constellatian
including the ultra rapid and rapid solutions foetGPS orbits, clocks, and the Earth
orientation parameters which are submitted on adsully and daily basis respectively.
The USNO AC has been the provider of the IGS finaposphere product since July
2011 providing the estimates starting with dayediry107 of 2011.

Unlike other IGS products, the IGS final troposgheroduct is not a combination pf
solutions from the ACs which can be strongly atédcby an individual AC changing
estimation methods, the number of ACs contribusnfyitions, or an inconsistent set|of
common stations used among the contributing ACsior Ro the USNO IGS fina
troposphere product processing, the processingeofGS final troposphere product was
performed by JPL. In a setup similar to the onedusge JPL to ensure continuity in the
product, the USNO computes final troposphere eséisnaf the zenith path delay and the
East and North gradient components using a prgms# position (PPP) approach to
processing zero difference GPS observations dyreitttm the RINEX files for
approximately 300 stations world wide with the Besa GPS software. This PPP
processing of the troposphere product utilizesl@® final orbits and clocks ensuring
both consistency and the highest accuracy avaifablihe GPS constellation inputs. The
result is a set of troposphere estimates per stgiEr day which provides internal
consistency for the users of the troposphere pitsduarently with a computed standard
deviation of the zenith path delay in the rangé&-@ mm.

The IGS final troposphere estimates are procesagyl with a three week latency as a
result of using the IGS final orbits and clockseTesulting station troposphere files are
screened post processing for incomplete files amdel standard deviation values|to
ensure quality troposphere estimate files are plassdo the user community.

This poster will provide an overview of the finabposphere product processing with a
more detailed discussion of the methods and madsd. Additionally, a comparison of
the USNO created IGS final troposphere produotshé ones previously created by JPL
using the Gipsy-Oasis software will be made forigtaof the processing transition.
Finally, this poster will also include a discussminwhat is planned for the future of the
IGS final troposphere product computation at th&NOS
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Computation of Zenith Total Delay Residual Fields sing Ground-Based GNSS
estimates

B.Pace, R.Pacione, C. Sciarretta

e-GEOS S.p.A., ASI/CGS, Matera, Italy

Abstract

Tropospheric refraction is one of the major errourses in satellite-based positioning.
The delay of radio signals caused by the tropospteerges from 2m at the zenith to 20m
at low elevation angles, depending on pressurepéesture and humidity along the path
of the signal transmission. If the delay is notgandy modeled, positioning accuracy can
degrade significantly. Empirical tropospheric magalith or without meteorological
observations, are used to correct these delaythbutare limited in accuracy and spatial
resolution resulting in up to a few decimeters emopositioning solutions. The present
availability of dense ground-based GNSS networks thie state of the art processing
techniques enable precise estimation of Zenith @spperic Delays (ZTD) with different
latency ranging from real time to post-processMi. present a method for computipg
ZTD residual fields interpolating, through Ordind€yiging, the residuals between GPS-
derived and model-computed ZTD at continuously afyeg GNSS stations. At a known
user location, ZTD value (hereafter site-ZTD) isaned as the sum of site-ZTD residual
and modeled-ZTD value. The performance of the ntetias been evaluated over 1-year
period (January-December 2011) at 25 Europearostabelonging to the EUREF/I
network. UNB3m [1] is used as reference model, Whe capable of predicting ZT
with an uncertainty of 5cm under normal atmosphedaoditions. An improvement of
about 30% for the bias and 50% for the std is akthiwhen site-ZTD, rather then
UNB3m-ZTDs, are compared w.r.t. IGS. This work aiatsassessing that empirigal
models can be improved if tropospheric correctigeg from ground-based GNSS
network are taken into account, since it is notsfme for an empirical model to emulate
tropospheric delay variations exactly. Compariseng radiosonde data and VLBI ZT
estimates are shown as well.
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SUADA: Sofia University Atmospheric Data Archive

G. Guerova, Tzv. Simeonov, N. Svilenova, E. Vladowiand R. Topchiyska
Department of Meteorology and Geophysics,Sofia Bfrsity, Bulgaria

Abstract

The Sofia University Atmospheric Data Archive (SUAD http://suada.phys.un
sofia.bg/) has been developed to provide a framewlor archiving Bulgarian
atmospheric data on an ongoing basis. CurrenthAlRAJincludes water vapour, derive
from tropospheric path delay, at 31 ground basetiosis of Global Navigation Satellit
Systems (GNSS) network in Bulgaria as well as sahide data for station Sofia for t
period 1997-2012 and COSMO-EU model. The envisagsaications of the SUADA
include:

(1) cross-validation of ground-based and satelbteservations and derivation
systematic biases;

(2) study of the 2D water vapour distribution inl@aria/Southeast Europe;
(3) study convective storms development in Bulg&oatheast Europe;

(4) detection of long term water vapour trends ulgaria/Southeast Europe and links
heat waves, droughts and changes in the pathwine dftlantic Cyclones.
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GNSS Research and Services at ROB to Support Metesogy and Nowcasting
Applications

E. Pottiaux? G. Bennif, C. BruyninX?, W. Aerts?, Q. Bairé? N. Bergect? J-M. Chevaliet? P.
Defraigne?, J. Legrand?, F. Meeuws?

'Royal Observatory of Belgium, Brussels, Belgium
Solar-Terrestrial Centre of Excellence
3U.K. Met Office

Abstract

For more than a decade, the Royal Observatory lgile (ROB) has supported groun
based GNSS-meteorology, participating in Europeaojepts such as COST-71

TOUGH and the EUMETNET EIG Global Navigation SatellSystem (GNSS) Wate

Vapour Program (E-GVAP). To this aim, the ROB depedd and maintains 3
operational analysis centre providing meteorolagistith hourly-updated 15-mi
sampled Zenith Tropospheric path Delays (ZTD) frafuropean network of about 1
GNSS stations. In the framework of the E-GVAP lbgnam (2009-2013), these ZT]|
estimations are delivered hourly to a meteoroldgleéabase at the U.K. Met Office a
are assimilated operationally by the U.K. Met Géfemd Météo France.

At the end of 2011, the ROB developed a new houplgated GPS-based ZTD soluti
to enhance its current support to European Numéneather Prediction (NWP). In th
poster we present the status of this new solutemuding on the assessment of

quality of our solutions in terms of precision, a@cy and latency. Particularly, we sh
that the new ZTD solutions improve the spatial dgnsf the ZTD observations b
including more than 320 GNSS stations (170% in@eadile lowering the latency ¢
the solution. We also show that our new ZTD sohgioneets the NWP requirements
terms of precision and accuracy by comparing osulte with in-situ measuremen
(radiosonde observations) and NWP data (backgrddim).

In addition, as a first step towards (quasi) r@akt GNSS-Meteorology, the ROB
preparing a new solution to support rapid-updaghfmesolution NWP and nowcastir
applications with sub-hourly processing of GNSSeobations obtained from real-tim
NTRIP streams. We present first results obtaineth whis new solution. Finally, w
present a method developed at the ROB based ogirkgignterpolation in order to ma
the wet tropospheric delay over Europe based onctimeribution of the ROB to E

is

I-O(Dma

GVAP.
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On the Use of the IGS REPROL1 Product for Climate Cange Analysis: An IWV
Inter-technique Comparison Study

E. Pottiaux®, R. Van Malderef’, H. Brenot, S. Beirl&, C. BruyninX®, H. De Backet®, M. De Maziéré,
C. Herman3 K. Mies' and T. Wagnér

'Royal Observatory of Belgium, Brussels, Belgium

Royal Meteorological Institute of Belgium, Brussedlgium
®Belgian Institute for Space Aeronomy, Brussels gikeh

*Max Planck Institute for Chemistry (MPI-C), Mair@ermany
®Solar-Terrestrial Centre of Excellence (STCE), Bals, Belgium

Abstract

Being the most important greenhouse gas in thenEBatmosphere, water vapour play
key role in the climate change debate. Howeverelizg the atmospheric water vapa
over climatological timescales in an homogeneousamsistent manner is challengir
To this end, water vapour estimations derived froeprocessing campaigns
continuously-operating ground-based Global NavayatiSatellite System (GNSS
observation networks are very promising. In paticuthe IGS troposphere produd
from the REPRO1 campaign [Byun, S. H., and Bar-8eY¥eE. 2009, 2010] provid
climate researchers access to a world-wide datdsetntinuous GPS-based Integra
Water Vapour (IWV) observations spanning over thst 115+ years. The AEros
RObotic NETwork (AERONET) also provides such loegrt and continuous groun
based observations of the IWV performed with statidad and well-calibrated sU
photometers.

The purpose of this study is to compare GPS-badad time series derived from th
IGS REPROL1/final troposphere products with simdtars WV measurements fro
collocated ground-based (sun photometer), in-siadigsonde) and satellite-bas

(GOME/GOMEZ2/SCIAMACHY) techniques (1) to evaluatéet quality and the
consistency between the techniques and (2) to sagkesapplicability of GPS-base

reprocessed IWV data for time series analysis énthte trend detection.

Therefore, we compare the IWV measurements rettie(e zenith) from thes
techniques, focusing on a selection of about 3 sitorldwide with colocation distanc
between techniques below 30 km. We show that grdaaséd and in-situ measuremsg
techniques typically agree at the level of 0.3 mm2+2 mm of IWV. Comparisons wit
satellite-based techniques give rise to slightghker biases and more variability (RMS
about 4 mm). Therefore, in a case study, we furtheestigate at the station Uco
(Brussels, Belgium) the influence of the cloudstloa IWV inter-technique comparisg
and we compare the IWV values obtained from thesguments directly in the directid
of the sun (“solar slant IWV”). Finally, we invegéite the geographical dependency

5 a
ur
1g.
of
5)

ts

11%

ed
ol
j_
n

)
2Nt
h
of
le
n
n
of

the properties of the IWV scatter plots betweertadse different instruments.
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An Evaluation of Real-Time, Near Real-Time and PosProcessed Zenith Total
Delay Estimates

F. Ahmed, F. N. Teferlé R. M. Bingley

'Geophysics Laboratory, University of Luxembourg

“Nottingham Geospatial Institute (formerly InstitateEngineering Surveying and Space Geodesy),
University of Nottingham

Abstract

Zenith total delay (ZTD) can be estimated in r@alkt near real-time and post-
processing modes using existing GPS processintegiea and each mode results| in
different accuracies for the estimates. The Bunuedéar Kartographie und Geodasie
Ntrip Client (BNC) can provide ZTD estimates in Ireene using precise point

positioning (PPP) without integer ambiguity resmnt Recently, the Centre National
d’Etudes Spatiales (CNES) has released a modigesion of BNC which produces ZT
estimates in real-time with integer-PPP, i.e. PR wteger ambiguity resolution using
their integer-recovery clock and widelane phases dormation. The University af

Luxembourg in collaboration with the University Mbttingham operate hourly and syb-
hourly near-real time GPS processing systems fomasng ZTD using the Bernese
GPS Software v5.0 and double-differenced (DD) ole@yns. The IGS Troposphere
Working Group produces an official IGS ZTD produsing the final satellite orbits and
clocks, and Earth orientation parameter products.

In this study, we present a comparison of the Z§finetes from the various processing
systems. We investigate the effect of integer ambygesolution in real-time PPP on the
ZTD estimates and assess the accuracies of the estibhates from the real-time anpd
near real-time processing systems using the dffiGi& troposphere product.
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Atmospheric Profiling using GPS Radio Occultation ad Radiosonde Observations
in the Australian Region

R. Norman, J. Le Marshalt?, K. Zhand, B. Cartet, C-S.Wang, and S.Gordaon
!satellite Positioning for Atmosphere, Climate am/iEonment (SPACE) Research Centre, RMIT

University, Melbourne, Australia,
’Bureau of Meteorology, Melbourne, Australia

Abstract

The GPS Radio Occultation (RO) technique uses G#Sivers onboard Low Earth
Orbit (LEO) satellites to measure the receivedaaignals from GPS satellites so that
atmospheric profiles, such as temperature, presgfractivity and water vapour, can pe
obtained using complicated atmospheric retrievatgsses. The Constellation Observing
System for Meteorology, lonosphere and Climate (@I was launched in Apri
2006. GPS RO data from this constellation of sixOLEicro-satellites provides an
atmospheric and meteorological observational dgda.tThe GPS RO is nhow employed
in operational meteorology, providing significamfdrmation on the thermodynamic
state of the atmosphere with the demonstrated paltéo improve atmospheric analysis
and prognosis. The aim of this study is to deteentire accuracy and limitations of the
COSMIC GPS RO measurements. In this study COSMIG G® temperature and
pressure profiles are compared to those measused fridiosondes for the years 2006-
2011 over the Australian region. The tropopauseghtieand temperature are also
investigated where GPS RO data are compared withsande measurements.
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IAG WG4.3.2 Inter-Comparison and Cross-Validation d Tomography Models —
Aims, Scope and Methods

W. Rohnt? A. Geigef, M. Bendet, M. Shangguah H. Brenof, T. Manning

"Wroclaw University of Environmental and Life Sciesc Institute of Geodesy and Geoinformatics, Poland
Royal Melbourne Institute of Technology, SPACE Resk Center, Australia
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*DeutscheiVetterdienst, Germany,

°*Helmholtz-Zentrum Potsdam, Deutsches GeoForschengsan (GFZ), Germany,

®Belgian Institute for Space Aeronomy, UV-vis, Belgi

Abstract

The Global Navigation Satellite Systems (GNSS) aigtransmitted from satellites dre
subjected to atmospheric delays since the sigrale o propagate through different
layers of the atmosphere before GNSS receiver veseihem. Two major distinctivie
effects according to the nature of the impact @ndiignal propagation are the ionosphere
which is a dispersive media and the tropospheretwisia non-dispersive layer.

To analyse the lower part of the atmosphere theosphere part of the delay could |be
utilized as observations for GNSS tomography modehe integrated measure of the
delay into direction to satellite is converted inlistribution of refractivity (total or wet),
or directly water vapour using Radon inverse tramsf The ill — conditionedess and i|l-
posedness of the equations set results in comyplekihe problem. Currently there exist
a couple of GNSS tomography models. In order taefobest practice, resolve main
issues and benefit from different approaches, IAGhe frame of Sub-Commission $C
4.3 — “Remote sensing and modelling of the atmoagg3hproposes to install the Working
Group “Inter-comparison and cross-validation of e@raphy models”.

This WG intends to address the main issues dewalitgGNSS tomography. Promote the

inter-comparison and cross-validation of differeaxhography models and approaches by
using same data sets over same areas. Improve @X&graphy by the integration of
new GNSS measurements aiming at an enhanced ligjiaddi tomography results, by
increasing the number of observations and by irmatpg cross-sectional observations.
Promote the sharing of GNSS tomography techniqte, desults and software. Discuss
the need of a “tomography service”.

This paper presents initial participants, methaat$ @ams of the WG. It is also a call for
interested groups and individuals to help to furtheomote, use and develop GNES
tomography models.
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IGS Tropospheric Products - Quality Verification and Assessment of Usefulness in
Climatology

M. Kruczyk, T. Liwosz,
Department of Geodesy and Geodetic Astronomy, Watdaiversity of Technology

Abstract

Poster concentrates around two main questions.

First is multilevel conformity study of ZTD of IPWh IGS tropospheric products
(combination till 2006, final and ultra-rapid sobriis by JPL, USNO, CODE), EPN
tropospheric combination and meteorological waigrour data sources. Water vapour
data come from radiosoundings, global numerical tinexa prediction model GF
(operated by NCEP) and sun photometer CIMEL 318.

Next topic is information potential contained in SGtropospheric products for
climatology and aerology. Long time series of IP¥dily averaged) can serve as climate
change indicator e.g.: relatively unique shapeuchsseries in different climates. Long
lasting changes in weather conditions - ‘dry’ anet’ years are also visible. The longer
and more homogenous our series the better chancestimate the magnitude of
climatological IWV changes. The problems with GRftegy and reference system
changes can be solved by reprocessing (examplesdew). Next we adjust seasonal
model to the series (LS method) for selected IG8iosts. We apply two modes:
sinusoidal and composite. Also two ways are triedlti-year adjustment and every year
separately (different are not only amplitudes dsb gohases). Even simple sinusoidal
seasonal model of daily IPW values series cleapyasents diversity of world climates.
Residuals in periods up to 14 years are searchesbfoe long-term IPW trend. For some
stations & years such trends are quite clear,dhewing years not visible.

U)

IPW from IGS tropospheric products can be treatlstd as information source for
aerology: it demonstrates some clear physical &ffegoked by station location (elg.
height and series correlation coefficient as a tioncof distance) and weather patterns
like dominant wind directions. Also deficiency afriace humidity data to model IPW |is
presented for different climates.
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The High Resolution Troposphere on the Area of GBASystem

Jaroslaw Bosy Jan Kaploh Jan Sierny Witold Rohnt, Tomasz HadasKarina Wilgar, Marcin
Ryczywolskf, and Artur Oruba

"Wroclaw University of Environmental and Live Sciesg Institute of Geodesy and Geoinformatics
’Head Office of Geodesy and Cartography, ASG-EUPG®agement Centre

Abstract

Global Navigation Satellite Systems (GNSS) aregtesi for positioning, navigation and

amongst other possible applications it can alsaidszl to derive information about t

state of the atmosphere. Continuous observatioms fGNSS receivers provide an

ne

excellent tool for studying the neutral atmospheterently in near real time. The Near
Real Time neutral atmosphere and water vapour ildigiopn models are currently
obtained with high resolution from Ground Base Aegtation Systems (GBAS), whefe
reference stations are equipped with GNSS and mumtgcal sensors. The Poland
territory is covered by dense network of GNSS atetiin the frame of GBAS system
called ASG-EUPOS (www.asgeupos.pl). This systemevestablished in year 2008 by
Head Office of Geodesy and Cartography in the framle EUPOS project
(www.eupos.org) for providing positioning servicdfie GNSS data are available from
130 reference stations located in Poland and neighlrountries. The ground
meteorological observations in the area of Polardlreeighbour countries are availab
from ASG-EUPOS stations included in EUREF Permariatwork (EPN) stationg,

airports meteorological stations (METAR messagesigsis), and stations managed

by

national Institute of Meteorology and Water Managet(SYNOP messages stations).

The first part of the paper present the methodoloighdlRT GNSS data processing for

ASG-EUPOS stations for Zenith Total Delay (ZTD)imsttion. The second part

S

covering analysis of meteorological parametersrjpat@tion methods for determination
of Zenith Hydrostatic Delay (ZHD). The last parihcerns the modeling of water vapqur
distribution over the area of Poland.
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Evaluation of Pressure Extracted from NCEP and CMCGlobal Numerical Weather
Prediction Models Against In-Situ and GPT Pressure

Matthew MacAdam, Norman Chai and Marcelo C. Santos

Dept. of Geodesy and Geomatics Engineering, Urityes§ New Brunswick, Canada

Abstract

An earlier investigation by Urquhart et al (201d@monstrated that ray traced
hydrostatic zenith delays from NCEP’s Re-Analys(NCEP) dataset proved to exhibit
higher variability when compared to those from anadian Meteorlogical Centre’s
(CMC) Global Deterministic Prediction System (GDR8) the European Centre for
Medium Range Weather Forecasting (ECMWF). This stigation expands on the
original by analyzing the variation of the zenitydhostatic delay (as ray traced through
the NWP) and the extracted pressure at the suftac®s IGS reference stations for the
entire year of 2010. Two NWP’s were selected, NGERé&-Analysis | and CMC’
GDPS. NCEP was selected since it forms the basisht®® UNB-VMF1 service, an
CMC’s GDPS was selected due to availability. Bothdels have global coverage,
NCEP’s grid resolution is 2.5x2.5 degrees as cosgpdo CMC’s (GDPS) 0.6x0.

pressure. Results indicate good agreement betwesayse extracted from the NWP and
in-situ pressure and larger differences with resfeGPT.
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Tropospheric Products for Real-Time and Near Real-ime Applications

Gregor Moeller, Robert Weber, Johannes Boehm, X4n Y
Institute of Geodesy and Geophysics (IGG, TU Vignna

Abstract

Atmosphere monitoring is a major scientific field iavestigation at the Institute
Geodesy and Geophysics (IGG, TU Vienna) which igeoed by both the Satellite
Geodesy and the VLBI research group. For high pi@eianalysis a mapping function
(VMF1) was developed which is based on data fromemical weather models (NWM).
It's coefficients, the wet and dry components @ fiignal delay on global grids and for
selected sited are free available and updated esmerigours. If the signal delay in the
neutral atmosphere has to be known with highestracy, it should be derived fro
GNSS observations instead from NWM. Within the feavork of the Projec
GNSSMET-AUSTRIA an automatic processing was sewvbh allows to estimate the
tropospheric total delay in zenith direction (ZT®jer Austria with an accuracy better
than 1 mm and a temporal resolution of 1 hour. Datarenced to tropospheric delays
provided by the IGS Troposphere Working Group airbg IGS stations. To obtain the
zenith wet delay (ZWD), measurements from a natidawmeteorological networ
(TAWES) are used, which are available every 10 meiswuThe ZWD converted into P
was assimilated into the numerical weather modeABIN and a positive impact o
upper air temperature scores and the intensity retipitation could be observeqd.
Tropospheric signal delays from 2011 are re-catedldo study its impact on the new
numerical weather model AROME which is developed thg Central Institute for
Meteorology and Geodynamics (ZAMG). In this prea@inh an overview of th
research which is carried out at IGG is shown.dditon further research is addressed
which will includes studies of the impact of upcoiGlobal Navigation Satellit
Systems on ZTD estimation, new near real-time tspperic products like north and east
gradients and a 3D humidity model for applicationgeal-time.
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Fast-static GPS Positioning with External Troposphac Corrections Derived in
Near Real-Time

J. PaziewsRj P. WielgosZ, A. Krypiak-Gregorczyk K. St pniak', M. Krukowskd, J. Kap oA, J.Sierny,
T. Hada? J. Bosy

UWM Olsztyn, Poland
2UP Wroc aw, Poland

Abstract

Nowadays the troposphere is considered as an tdtimecuracy limiting factor i
geodetic applications of GNSS. Currently, the npagiular solution in the state of the art
applications is to estimate ZTD together with statcoordinates in the common data
adjustment. This approach requires long data spargp, at least 30-60 minutes.
However, in fast-static positioning when short dspans are available, this method| in
not feasible and the troposphere is very diffictdt model. Therefore, fast-static
positioning requires external tropospheric inforimatin order to improve its accuragy.
This can be achieved by a network of the referébN&S stations (GBAS), where ZTD
can be obtained in the adjustment of GNSS data imectty from the groung
meteorological data in near real-time (NRT) andvjgted as an external supporting
product.

The presented research are carried out in the fadntiee “ASG+” project aimed at t
development of NRT supporting modules for the ASGPBS system. In this paper
present the analysis of the application of sevéid modeling techniques to fast-static
precise GNSS positioning ,namely:

(1) ZTD estimated in NRT from GNSS data from PoIGBAS system called ASG-
EUPOS with IGS/EPN and IERS products, (2) NRT ZTBtedmination based
meteorological data collected in real time from ABEGPOS, METAR and SYNO
systems. These NRT strategies were compared waj:application of standar
troposphere model and (4) ZTD obtained in postmsiog from the official solution df
the ASG-EUPOS network. In order to assess the acguof these ZTD modelin
technigues, test baselines of several tens of kitera were processed in fast-static mpde
using in-house developed software - GINPOS. A 2data set was divided into 144

sessions, each of 5-minute long. Each session wasegsed independently and the
obtained coordinate residuals were analysed.

The results show that NRT ZTD products can impré¢h the accuracy and the
reliability of the fast-static positioning. The ntasoticeable effect is observed in the
station height component. In some extreme casesnoaelling of the troposphere may
even disrupt ambiguity resolution and, thereforeypnts user from obtaining accurate
position.
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Abstract

Global Navigation Satellite Systems (GNSS) havelgionised positioning, navigatio|n
and timing (PNT), becoming a common part of ourrgday life. Aside from PNT
applications, GNSS have proved to be an accuratgosef atmospheric water vapour,
the most abundant greenhouse gas and of cruciakiamze in weather forecasting.

The proposed COST Action will address new and imgdocapabilities from concurrent
developments in both GNSS and atmospheric comnesnitt will stimulate the ful
potential exploitation of multi-GNSS water vapowta on a wide range of temporal gnd
spatial scales, from real time severe weather mong to climate research. For the first
time, the synergy of three GNSS systems (GPS, GLE&8lAnd Galileo) will be used to
develop new, advanced tropospheric products. Thm@avill also stimulate knowledg
transfer and data sharing throughout Europe, pdatiy from West to East, and wil
promote the use of atmospheric data in satellisetdaavigation services.
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Technology of Reliable Rapid Static GNSS Surveyinig Urban Area

M. Baku a, R. Kamierczak, G. Grunwald

University of Warmia and Mazury in Olsztyn, ChafrSatellite Geodesy and Navigation, Poland

Abstract

The research presents a methodology of reliabled ramtic GNSS surveying far
applications in urban areas where availability ateBites is limited. The technology |s
based on the use of three GNSS receivers positisinaataneously in line on a special
base at a distance of 0.5 m from one another. Gikenpossible gross errors of the
determined baseline coordinates, the simultaneppkcation of three GPS/GLONAS
receivers for a single point allows reliable det@ation of coordinates even in locations
with severe obstructions. Presented technology alan be used for reliable RTK
positioning, however post-processing proceduresapfd static can give much more
accurate results. Based on presented practicaltsesti survey and data processing
methodology, reliable coordinates with accuraciegressed in sub centimeters during
rapid static survey sessions can be obtained iruth@n areas where obstructions caused
by trees, buildings, power lines etc. limit satelivailability.
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The CNES real time Integer PPP demonstrator

D. Laurichesse
CNES, France

Abstract

Integer ambiguity resolution on undifferenced GRage data has been the object of a
lot of attention in recent years. By combining pd®uange and phase information, it/ is
indeed possible to directly fix integer ambiguitiesn zero-difference phase
measurements, for dual-frequency problems, witteout atmospheric models. Phase
measurement then become pseudo-range-like measusewith millimeter noise level.

Our complete method, adapted for dual-frequencylpros, was presented for the fifst
time at the ION GNSS 2007 meeting. Methods anditestere refined and summarized
in the Summer 2009 issue of Navigation.

The extension of our method to real-time applicstibas been developed in paper
the same author presented at the ION NTM 2008, AN 2009, ION GNSS 2010 an
ION GNSS 2011 meetings). The core of the real-iimglementation is a Kalman Filter
working in mixed-mode (with both real- and integafued phase ambiguities). The filter
produces GPS constellation states (orbits and sjoekith the ‘integer’ property.
Algorithms for user receivers were also introducBaeir performance in terms of real-
time precision and convergence time was comparsthtalard RTK methods.

by

To demonstrate that this processing strategy ispatitvie with the latency constraints
imposed by real-time applications and with the lefegperformance typical of comman
personal computers, CNES is developing a completal-time ‘integer PPH’

demonstrator. This poster presents the goals amdithitecture of this demonstrator,
along with some actual results for both the sysieta and the user side.

The system side of the demonstrator collects nétwoeasurements, computes state-
space products, and disseminates them over thasiegj the tools that CNES uses in the
frame of the Real Time IGS Pilot Project. On theruside, the demonstrator collects
measurements from a local receiver, retrieves -sfzdee data from the internet,
performs real-time kinematic ‘integer PPP’. Sevestaltions are monitored in real-time
using this technique. Monitoring plots errors agaerated on a real-time basis.

As part of this demonstrator, CNES proposes ausee test package that provides all the
tools for users to perform their own PPP with araliigresolution. The test package
includes an access to the CNES caster, and ICDderstand the nature of the ambiguity
resolution quantities, and a PPP software. This §#®fvare is freeware and the source
code is provided. All this material is available adedicated web site.
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On the Estimability and Reliability of Correction M odels from CORS Networks

Nico Lindenthal and Steffen Schén
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Abstract

Continuously operating reference stations (COR®) @nllecting observation data pf
different GNSS and are realizing global and redioBAISS networks. Besides the

desired. From a user’s point of view it is very omjant that the derived correction
parameters by the provider are reliable and of ljg#lity. To derive appropriate quality
indicators for the correction parameters we starte@stigating the estimability and
reliability of correction model parameters withigemn scenario.

In this contribution, the influence of each singdéerence station within a network tg a
regional atmospheric correction model is preserBasged on the data resolution matrix
which especially contains the station geometry Wwewsthe parameter’s sensitivity to
possible observation errors at a single referetaon. Furthermore, we quantify the
influence of single reference stations with anchautt outliers to arbitrary chosen rover
positions within the network. Depending on the r&eposition we can identi
reference stations contributing strong or weak rimftion to the error interpolation
process used in the correction model.
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Generating UPD for IGS Combined Products for Ambiguty-Fixing of Real-Time
PPP

Maorong Ge, Xingxing Li, Soeren Klose, Thomas Nathand Jens Wickert
German Research Center for Geosciences, Germany

Abstract

The successful Real-Time Pilot Project is headowatds an official real-time Precise
Point Positioning (PPP) service now. As is well Wng integer ambiguity resolution of
the real-time Precise Point Positioning (PPP) dgnificantly shorten the convergence
time and improve the position accuracy as well.réfoge, ambiguity-fixing capabilit
should be essential for the official service.

A number of studies are undertaken since yearsvescome the uncalibrated phgse
delays (UPD) problem to recover the integer featfré¢he undifferenced ambiguities.
Most of them are handling the UPDs in the clocknstion. Thus, the resulted UPDs are
not always suitable for the IGS combined produaie tb possible inconsistency fin
models and algorithms.

In this contribution, we developed a new processimgtegy to generate UPDs for 1GS
combined real-time products. After the combineddpats are made available, real-time
PPP are performed for a large number of referetatmss. Then the UPDs are estimated
from the ambiguities of the PPP results in reaktiamd broadcasted at a certain update
rate.

The algorithm is developed and running operatignfdr IGS combined products for
validation and demonstration. PPP plus ambigukiyzf with IGS official products and
the generated UPDs are carried out with a numbdG& real-time stations. Fixing
performance is compared with that using GFZ orbd alock products and UPDs. The
results confirm that the proposed strategy carmiefitly generated reasonable UPDs |for
the combined products to enhance the official tiea¢ PPP service by means |of
ambiguity resolution.




PO7-05

Real-Time GNSS Data Processing at the Technical Umrsity Vienna - Current
Status and Upcoming Developments

F. Hinterberger
Institute of Geodesy and Geophysics (IGG), Technicaversity of Vienna

Abstract

To meet the increasing demand of upcoming real-t(iR€) applications the IG
(International GNSS Service) has initiated a reamakt working group (RTIGS) t
investigate the feasibility of real-time GNSS daliatribution and the generation

f

derived products. Nowadays this real-time statietwork consists of approximately 80
stations. Scientific organizations and companiegraing reference stations cgn

participate in the working group either by deliveyitheir data-streams via a cen
service or by providing real-time GNSS productshsas precise clock and orb
corrections.

This presentation deals with the contributionshef institute of Geodesy and Geophysg
(IGG), Technical University of Vienna to the IGS @&d&ime Working Group. IGG
provides on a regular basis GPS- clock correctants precise orbit solutions. Curren
the processing scheme is subject to change to attamphase float solutions which w
increase the accuracy of the satellite clock ctiwes by a factor of 2 compared to t

current deliverables. Furthermore a recently stiapgeoject with a duration of 2 years

deals with the estimation of Uncalibrated Phaseaizel(UPD) from regional networ
data, which shall be forwarded to user receivergllow for zero-difference intege
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P07-06
BKG Ntrip Client (BNC) Version 2.6 — Recent Develoments and Results

Wolfgang Sohng Leos Mervart, Yiiksel Altinef, Heinz Habrich, Peter NeumaiérGeorg Webér

Technical University Prague, Czech Republic
Federal Agency for Cartography and Geodesy (BK@nkfurt am Main, Germany

Abstract

The BKG Ntrip Client (BNC) was originally designéar collecting, synchronizing anF

streaming real-time GNSS data from real-time braatirs to the real-time users. During
the last years, BNC evolved to a very efficient #ledible tool in the real-time world,
mainly because of its Precise Point Positioning RPmModule. Being open source
software, important features already implementedunder development are: multi-
GNSS encoding/decoding, real-time GNSS orbit andikctombination, post processing
capability, editing and quality control elementspecially for RINEX 3.

This poster presentation is reviewing the basis &gl tools of BNC and is highlighting
several of the new features. Current results uiegPPP module, e.g. from BKG'’s
monitoring webpage, are completing the presentation
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P07-07
Control Methods of Real-Time Services of ASG-EUPOS
Grzegorz Nykiel, Marcin Szo ucha

Centre of Applied Geomatics, Military University ®&échnology, Poland

Abstract

Differential corrections and services for real-titkmematic method (RTK) in man
cases are used for support survey being basedioingtration decision. For that

reason, services which allow to perform GNSS measants should be constantly
monitored to minimize the risk of any errors or xypected gap in observation. System
providing such control is the subject of the wogkrizd out under a grant NR09-0010-
10/2010 conducted by the Military University of Teology. This study was made [to
develop the concept of monitoring real-time serviaad the implementation of software
providing users information of system accuracy. Tha&n objectives of all concepts

were: maximum use of existing infrastructure winimimizing the cost of installation of

new elements, providing users calculation resulistte ASG-EUPOS website. In the
same time concept assume openness of the modute attoav the successiv
development of applications and integration witlsgng solutions. This paper present
several solutions which have been implemented ested. It also consist some examples
of data visualization methods.
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Troposphere Model for PPP-RTK

J. Kaplon, T. Hadas, J. Bosy, J. Sierny and K. ®ilg

Institute of Geodesy and Geoinformatics,Wroclawvérsity of Environmental and Life Sciences

Abstract

The PPP (Precise Point Positioning) method of deteng the position requires the
introduction of a'priori precise orbits and satellclocks information to the equation

system. Use of dual frequency GNSS receivers efitasthe first-degree influence
the ionosphere by means of using the linear corntibms of the observations. Obtaini
the highest accuracy of the technique requiresisieeof high quality products, since th

of

ng
eir

errors directly affects the error of determinedapaeters. While GNSS data is post-

processed, introduced a'priori models can be cmdeduring the estimation process,
when determining the position in real-time used ei®dnust be as precise as possi

but
ble.

An important problem is the introduction of reliabiropospheric delays for the PRP-

RTK. The empirical models of troposphere, which arefunction of atmospheri

C

conditions (temperature, pressure and humiditygsgmt the value of delay in the zenith

direction (ZTD), which is converted to the slaniaye(STD) in the direction to th

e

satellite using the mapping function. Evolutiontadposphere models is the increase of

temporal and spatial resolution and the transifrom standard atmospheric models

models of distribution of meteorological parametewghich can be derived fror

numerical models such as weather forecasts oremfer station networks. Presen
studies show the effect of using different modéIETD derived from:

* the rapid solution of ASG-EUPOS network,* the mesal-time solution of ASGt

EUPOS network,» the Saastamoinen model computeld méteorological paramete
(temperature, pressure, humidity) interpolatedearrreal-time from the meteorologig
stations, on the positioning accuracy and thealwtation time of the receiver using t
PPP, with comparison to solutions where the tropespdelay is an estimated parame
Work includes also a qualitative assessment ofrtbdels used.
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P07-09
G-Nut Software Library for Implementing Various GNS S Applications

P.Vaclavovic, J. Dousa, G. Gyori
Geodetic Observatory Pecny, Research Institute eddésy, Topography and Cartography, Czech
Republic

Abstract

The G-Nut software library is being developed & @eodetic Observatory Pecny (GOP)
since January 2011. The main goal of the new fbrmrto support the development |of
various software packages fitting to specific apations such as GNSS observation and
navigation data manipulation and quality checkiR§P-based processing for high-rate
kinematic solution, precise ultra-fast or near riz@le troposphere estimation, satellite
clock estimation or other products based on a nétwbstations and others in future.

All library models are designed for the processaofigundifferrence multi-GNSS data.
The core library structure supports both real-tifo#-line, online) and post-processing
modes via a unique input/output functionality andeasible containers of individual

implemented for various applications. The librasywritten in ANSI C+ taking a ful
advantage of object-oriented programming and ctgresupports linux and windows
platforms. It is also strictly design for multi-daded applications, which includes
optional input-, model- and output-server (in spet¢hreads) and thus simply supporting
a single station processing as well as a netwogtaifons. The basic configuration is via
XML files. More details on the implementation okthbrary structure and intentions for
future developments will be given. The first apations derived from G-nut library wi
be shown with some result examples, e.g. for PRnefonline kinematic positioning,
ultra-fast troposphere estimation.

Applications derived from G-nut library will be slka with some result examples, elg.
for PPP off-line/online kinematic positioning, @atfast troposphere estimation.
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P07-10
Real-Time Operations at Natural Resources Canada, &éddetic Survey Division

M. Caissy, P. Colins, K. MacLeod, F. Lahaye, S.Bié& B. Donahue, M. Bujold
Natural Resources Canada, Geodetic Survey Division

Abstract

Natural Resources Canada (NRCan), Geodetic Surveysi@h (GSD) has bee
operating GNSS stations in a real-time streaminglansince 1996 and has been
generating Wide Area Differential GPS Corrections & 24/7/365 productio
environment, since 2003. At present, GSD opeliggeore GNSS station network in a
fully automated real-time streaming mode and i® a@snerating high precision GRS
corrections in support of its mandate and as aribotiton to the IGS Real-Time Pilot
Project.

This poster will present the current status andr&utvork that is planned in a number|of
areas where GSD is currently conducting routiné-treee operations. The followin
topics will be covered: network and station operadi data and corrections handling
including formats; configuration of the high availity production environment; real-
time clock and orbit accuracy (User Range Erromd areal-time precise point
positioning.
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PO7-11
Assessment of First Real-Time IGS Global VTEC Maps

Manuel Hernandez-Pajares.Miguel Juah Jaume SanzAlberto Garcia-Righ N. Jakowsk, V. Wilker?,
H. Barkmand, M. Teglef, Mark Caiss¥, Loukis Agroti§, Andrzej Krankowski

Universitat Politecnica de Catalunya (JQAGE/UPC)rdgtona, Spain

’German Aerospace Center (DLR), Neustrelitz, Germany

®Natural Resources Canada (NRCan), Geodetic Surixsi@h, Ottawa, Canada
“*European Space Operations Centre (ESOC), Darm&adnany

SUniversity of Warmia and Mazury, (GRL/UWM), OlsztyRoland

Abstract

The assessment of the first Real-Time (RT) IGS @lobTEC maps computed by DL

and UPC, against JASON-1 (during 2011) and JASQGiltitheter VTEC measurements

(for 2012), is presented in this work.

Indeed, within the International GNSS Service (IG&sociate Analysis Centres (ACC)
produce specialized or derived products. Two exampmf Real-time ACCs are the
Universitat Politécnica de Catalunya (UPC) and @eman Aerospace Center (DLR).
They have patrticipated in the IGS RTPP and conttousllaborate on the development
of a combined global IGS RT-VTEC product. Thislabbration is occurring under the

umbrella of the IGS lonosphere Working group cutyetead by the University o
Warmia and Mazury in Olsztyn, Poland.

RT-VTEC information is used to support earth obagon missions and space weather

monitoring and forecast. RT-VTEC information impesvsingle-frequency positionin

g

on a global scale and in smaller regions whereahesphere may be well sounded, RT-

VTEC information is known to improve RTPPP accuraegults for single-frequenc

users. Through the use of iono-geodetic techniquiegse quality dual-frequency RTPPP

results are being improved by reducing the timdakes for phase ambiguities
converge.

The JASON comparisons are considered pessimistibéooverall global VTEC produc¢

accuracy because the land-based tracking statrergeaerally located quite far from t
location of the Jason measurements. The importaheereliable globally distribute
and sufficiently dense real-time GNSS tracking rekawill be shown. Moreover the R
VTEC results are quite compatible with the rapidl dmal IGS VTEC maps for
significant fraction of time. These results sudgdkat it may be feasible to combine re
time VTEC products from several centres into a sth@S real-time IONO product.

Additional work to compare both solutions is undaywvith the goal of finding optima
ways to assess and combine these products in@&RT-VTEC product. Future effor
will include working with RTCM to ensure that the$ RT-VTEC product is compatib
with ionosphere correction information proposedtfee RTCM-SSR standard.
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P07-12
Real Time Analysis Centre and AC Coordination Activties at ESOC

Loukis Agroti$, Werner Enderfe Rene ZandbergénMark van Kint$, Javier Tegeddy Graciela
Gonzalez PeytaVi

'ESOC, Germany,

2Symban Ltd, England
3GMV @ ESOC, Germany

)4

Over the last 10 years, ESOC has embarked on agmotp build a Real Time GNSS
software infrastructure. RETINA (system for REaimBE NAvigation) has been modelled
after ESOC'’s experiences in Real Time satellitarabsystems and includes many of the

elements for data processing, archiving and visaatin that are common to su
systems.

The RETINA software has enabled ESOC to assume thetlioles of Analysis Centi
and Analysis Centre Coordinator in the IGS Realdlfilot Project. With the launch

the new IGS Real Time Service, these roles wilhgitgon to parallel roles in the ne
service, requiring a high degree of robustness rafidbility. This paper describes tk
operational environment for the generation andedissation of IGS products for th
new service. It also provides recent results dhidSOC and Combination produc
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from the Real Time Pilot Project activities.

4A



P08-01
Evaluation of Individual Antenna Calibrations Usedin the EPN

Q. Baire, E. Pottiaux, C. Bruyninx, P. Defraigne, Mérts, J. Legrand, N. Bergeot, and J.M. Chevalier
Royal Observatory of Belgium

Abstract

The aim of this study is to evaluate the signifmarof the offset caused by using
different receiver antenna calibration models oe #tation position. Using the PPP
(Precise Point Positioning) technique, we firsteisiigate the differences in positionipg
obtained when switching between individual anteaalibrations and type calibrations.
We analyze the observations of the 53 EPN stateapspped with receiver antenna
individually calibrated over the period coveringrir 2003 to April 2011 and we shgw
that these differences can reach up to 4 mm irzbotal and 10 mm in vertical.

Secondly, we study the accuracy of the individuaibcations models and we evaluate
the effect of different sets of individual caliboats on the positioning. For that purpose,
we use the data from 6 GNSS stations equipped withantenna which has begn
individually calibrated at two calibration facil recognized by the IGS: Geo++ and
Bonn institute. The influence of the calibrationthwa can reach 3 mm in horizontal and
7 mm in vertical.




P08-02
Ray-Tracing Approach for Multipath Characterization Including Multiple Rays
Marios Smyrnaios Marcos Lis8, Steffen Schéh Thomas Kiirnér

Ynstitut fur Erdmessung, Leibniz-Universitat HaneovGermany.
?nstitut fiir Nachrichtentechnik, TU Braunschweigr@any

Abstract

Multipath propagation has a major contribution e toverall error budget of GNSS

precise positioning applications. Although a lotresearch has been dedicated to|the
understanding and modeling of this propagationremaring the last decades, only

suboptimal solutions are derived. Site-dependemtragiteristics, unknown geometry,

dynamic nature and the dependence on many othersatike e.g. reflection/diffractio
properties, weather conditions and antenna andfoeiver design make multipath
mitigation very challenging. Furthermore, due te #ibove mentioned reasons an
order to overcome them, in most of the investigetipresented in literature certain
predefined assumptions are made and this may teadly a partial characterization pf
the phenomenon.

In our study, the results of a novel ray-tracingrapch are used for understanding and
characterizing multi-multipath propagation procédased on a 3D model of the physical
environment of the antenna, measured by a temesiser scanner, ray tracing
simulations are performed. The rays that arrivéhatreceiving antenna by paths other
than the direct are identified. Based on the geomahd electromagnetic characteristics
of the identified rays, phase and code errors chbgesuperimposition of all rays are
calculated. Our calculation showed that the 90ft dletween code and phase errors,
which occurs for errors caused by a single mulipstmponent, is not valid in the case
of multiple multipath components. It may be validiyowhen a dominate component
exist. Furthermore, our simulation showed than tonsons shorter and/or a few meters
higher from the receiving antenna cause edge diftna even from high elevation
satellites. Last but not least, the impact ofad#ht relative amplitudes of the reflected
and/or diffracted rays will be critically commentdenally, first results of simulated D
measurements will be compared with real measurement




P08-03
Current Research Activities at the IfE Antenna Calbration Facility

Kersten T., Schon S.

Institut fir Erdmessung (IfE), Leibniz Universitdannover, Germany

Abstract

The Institut fur Erdmessung (IfE) is an official $CGcalibration institution, calibratin
phase center variations (PCV) for receiver antemoaginely in the field, using th
actual GNSS satellite signals in space. Currergaret activities focus on the anten
code phase calibration with the Hannover Concepbgblute antenna calibration. The
effects may be critical for precise landing apprescand time and frequency transfer.

The receiving antenna as a part of a processing dh&oduces systematic effect
currently known as Group Delay Variations (GDVg, iazimuth and elevation depend
code-phase delays. Depending on the used antesignd&DV can degrade the co
based accuracy.

In this contribution, we focus on the current imigetions in the field of the receivé
antenna GDV calibration. GDV from several antenw#é different characteristics wi
be presented and critically discussed. It can lmsvehthat for individual antennae, t
determined GDV are a characteristical feature. GB8/ were obtained using softwa
developed at IfE. For the different types of antrtested at IfE Hannover, magnitug
of up to 0.3-0.5m for the P code for a typical getarlantenna and +/- 1.7 m for the G
code for a UBlox antenna can be obtained, mainlgkedt by azimuthal variation
Different antenna calibration solutions with redpr repeatability and separability
estimable parameters will be discussed.

For the time and frequency transfer it was shovett @DV induce offsets in the link ¢
up to 0.6 ns depending on the antennae used adithkHength. The stablility of the link
is not affected since the apparent noise introddme®&DV is below the code (for P
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time transfer) or phase noise (for PPP links).




P08-04
Absolute Antenna Calibration at the US National Gedetic Survey

Andria Bilich, Gerald Mader
National Geodetic Survey, Geosciences ResearclsiDivi

Abstract

NOAA's National Geodetic Survey (NGS) conducts ante calibrations of receivin
antennas in order to provide more accurate acaedshet National Spatial Reference

System (NSRS), as an essential service for theeguny, mapping, and engineering

infrastructure of the U.S. Antenna calibrations an essential component of GNSS data
processing and are used by both vendor- and uitisigoplied software as well
NGS’ Online Positioning User Service (OPUS). lbghl be noted that NGS constituents
use a much larger variety of antennas than areeptes the IGS network. Therefore

NGS is interested in providing calibrations for mlevvariety of geodetic-grade antenngas,
from types in use at IGS reference stations tomreveennas not normally seen in the
IGS network.

Since 1994, NGS has computed relative antennaraabhs for more than 350 antennas.
In recent years, the geodetic community has moweabtolute calibrations - the |
adopted absolute antenna phase center calibratio@906, and NGS's CORS group
began using absolute antenna calibration upondlease of the new CORS coordinates
in IGS08 epoch 2005.00 and NAD 83(2011,MA11,PATd9dah 2010.00. Although NG
relative calibrations can be and have been cormédeabsolute, it is considered best
practice to independently measure phase centeadeaistics in an absolute sense.

Consequently, NGS has developed and operates atugbsalibration system. These
absolute antenna calibrations accommodate the defeargreater accuracy and for 2-
dimensional (elevation and azimuth) parameterinatldGS will continue to provid
calibration values via the NGS web
site_ LPP111')' ") P, (2. www.ngs.noaa.gov/ANTCAL, and will publi
calibrations in the ANTEX format as well as thedeg ANTINFO format.

The NGS absolute system is located in Corbin, ¥iegiand uses field measurements
and actual GNSS satellite signals to quantitativelgtermine the carrier phase
advance/delay introduced by the antenna elementhignposter, we intend to cover

several topics of interest to the IGS community, dgscribing the NGS calibratign

facility and assumptions which underpin the setug method discussing the observatjon
models and strategy currently used to generate Bli38lute calibrations demonstrating
that NGS absolute PCO and PCV values are consistéht other IGS-sanctione
absolute antenna calibration facilities outlininguire planned refinements to the system
discussing features of the NGS Calibration Poliog #rocedures documents, which
outline the relationship between NGS and its custsm
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Antenna Phase Center Calibration Effects on Sub-D&i and Daily Position
Estimates

D. Sidorov, F. N. Teferle
FSTC, Geophysics Laboratory, University of Luxemigpu

Abstract

In recent years, the number of absolutely calilbk&&lSS antenna/radome combinations
used within the global IGS network and other neksprfor example, the EUREF

Permanent Network (EPN), has increased consider&hlg to a number of reasons,
including the fact that the individual calibratiofr an antenna/radome combination
show fairly consistent phase center offsets anétrans across all combinations of the
same type of antenna and radome, the geodetic coitynaurrently employs averaged

(“type”™) rather than individual calibrations in tigaccuracy GNSS data processing. |As
the individual calibrations for a specific antemadbme combination do deviate from the
type calibration, it needs to be investigated,hé uuse of individual rather than type
calibrations could provide a significant improvermdor geodetic and geophysical
applications.

In this study we investigate the effect of usingetyand individual antenna/radome
combination calibrations on the position estimai#e. do this by analysis of position
differences between precise point positioning (PsR)tions employing both calibratign
models. Using four weeks of GPS observations wevsthat time series of sub-daily
position differences contain periodic variationsl aystematic biases at the millimetre| to

centimetre levels. Using one year of GPS obsematice show that for the time series| of

daily position differences the periodic variatiossem less pronounced but the bigses
remain and are of similar magnitude to those in gbk-daily position differences. In
general our preliminary results suggest that bothrdaily and daily position estimates
are affected by the differences between the typeé Bmdividual antenna/radome
combination calibrations and require further inigegion.
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Characterizing the GPS Satellite Antenna Phase- andsroup-Delay Variations
Using Data from Low-Earth Orbiters: Latest Results

Bruce Haines, Willy Bertiger, Shailen Desai, Nat&r¥y, Aurore Sibois and Jan Weiss

Jet Propulsion Laboratory, California InstituteT@chnology, Pasadena, California, U.S.A.

Abstract

Designed to support navigation, the L-band antemmays on the GPS satellites
significantly larger and more complex than the dempceiver antennas used in geodetic
applications. The phase- and group-delay variatiatisbuted to the GPS satellite
antennas are difficult to model, and remain amdmgglimiting sources of error for the
most demanding GPS geodetic problems, such asndatgion of the terrestrial
reference frame (TRF).

We have developed techniques for estimating the &fRélite antenna phase and group
delay variations using tracking data from low-Eadlbiters (LEOs). We describe
updated estimates that are based on combinatiordataf from the GRACE (2002-
present) and TOPEX/Poseidon (T/P, 1992-2005) mmssid hese satellites offer |a
number of substantial advantages for developingrana calibrations. The scale (mean
height) and origin of the orbit solutions are waditermined (at the cm level or better)
from dynamical constraints, thus obviating the néwda TRF constraint in solving for
the antenna calibrations. In addition, there is tngpospheric delay to confound
interpretation of the LEO measurements. In botesathe multipath environment is also
favorable: the GRACE receiver antenna is a chokg eambedded in the surface of a
clean spacecraft with a simple profile, while th® &ntenna is mounted on a 4-m bopm
above the spacecraft bus.

Together, the T/P and GRACE missions provide ausigpportunity to observe and
compare antenna calibrations for current as welegacy GPS satellites. We provigde
updated comparisons of our antenna phase variatmifels to the International GNSS
standard (based on ground data), and present rtematss of the antenna group-delay
variations for use with pseudorange data. Finalyapply our latest antenna calibrations
in realizing the terrestrial reference frame frolRSsalone. Current comparisons of our
GPS-based TRF (1999-2011) with ITRF2008 show 0.3ymigreement in scale rate
and better than 1 mm/yr agreement for origin r&te. discuss possible origins of| a
remaining scale bias.
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P10-01
First Combination of GNSS Solutions Submitted to IAG WG “Integration of Dense
Velocity Fields in the ITRF”

J. Legrand, C. Bruyninx, J. Griffiths, M. Craymef, J. Dawson A. Kenyere§ A. Santamaria- Goméz..
Sanche?, Z. Altamimi*

'Royal Observatory of Belgium, Belgium

*Natural Resources Canada, Canada

Geoscience Australia, Australia

“Institut Geographique National, ENSG/LAREG, France
*NOAA/National Geodetic Survey

®FOMI Satellite Geodetic Observatory Budapest
’Instituto Geografico Nacional, Yebes, Spain
8Deutsches Geodatisches Forschungsinstitut, Germany

Abstract

The IAG WG “Integration of Dense Velocity Fieldstime ITRF” was created in 2011 ps
follow-up of the WG “Regional Dense Velocity Field3he goal of the WG group is to
densify the ITRF using regional GNSS solutions (sitted by the IAG regional
reference frame subcommissions) as well as gladdatisns. This poster will give a
overview of the different solutions submitted te thorking group, evaluate their quality
and the efforts made to homogenize them in preiparaf a combination. Finally, first
results of a preliminary combination will be shown.
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P10-02
GNSS-Based Processing at the USNO: Incorporation @LONASS Observations

Sharyl Byram and Christine Hackman
GPS Analysis Division,Earth Orientation Departméitjted States Naval Observatory

Abstract

As an Analysis Center (AC) of the International GNService (IGS), the United Stat

Naval Observatory (USNO) produces GPS-based estaradt satellite orbits, satellite

and receiver-clock time corrections, and earthrdaigon parameters five times per ds
once in a daily “rapid” process, and four timesan every-six-hours “ultra-rapid
process. Recently, USNO has begun testing incatipgr&LONASS observational da
into non-operational “rapid” processing. The inatusof the GLONASS data presents
opportunity for improvement of the operational GER&ed rapids products a
expansion of the GNSS product family available frita USNO. The stations whig
receive both GPS and GLONASS signals benefit fnmqproved coverage with increas
observations per epoch especially for stations ighdr latitudes due to the high
inclination orbits of the GLONASS satellites. Thacorporation affects both statio
used in the network solution as well as in the RBRtion of the “rapid” produc
processing.

The resulting solutions from the GLONASS inclustesting are compared to t
USNO's existing GPS-based products as well aset@tPS-based combination produ
produced by the IGS. Comparison to the USNO opmratiproduct provides insight int
the benefits and drawbacks of multi-signal basgerproducts as well as what to exp
as more GPS-like systems are available for inclysisuch as GALILEO an
COMPASS/BeiDou-2. The IGS's rapid combination paidyives an external source f
comparison which allows for determining the quadifythe multi-signal USNO solution
with respect to the operational USNO GPS-based rauducts.

The purpose of this poster is to illustrate thecpssing details and results of 1

incorporation of GLONASS observations. Additionality will provide analysis of the

impact to estimated parameters that these additabs®rvations make in comparison
the GPS-based estimates. Future directions foJBRO's multi-signal products wi

es

D_

Ay
la

an
nd

h
ed
er
NS

also be discussed.
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P10-03
IAG Dancer: Global Solutions for all Receivers in he World

H. Boomkamp
ESA/ESOC

Abstract

The few hundred receivers that are routinely preegsby IGS no longer represen
significant percentage of the permanent GPS sitethé world. Furthermore, GP
network operators tend to have strict requiremaémtthe area of system integrity

availability that are not met by the “best effolfGS products. Other operators can
share their observation data with the IGS due wurdly constraints or contractu
limitations. Normal GPS users do not have direceas to the ITRF either, but typica
compute their position by mixing IGS orbits and A®RF regional reference fram
coordinates. All these factors imply that the cotr@RF solution for GPS has limite
practical value.

The core objective of IAG Working Group 1.1.1 isimgprove consistency of referen
frames among the different space geodetic techeigBecause GPS is the or
technique that does not even have an internallysistant ITRF solution among 3
reference stations, this problem had to be solirstl o this purpose, the IAG Danc
project develops software for global GPS analymsighe form of a grid computin
scheme on the internet. The Dancer system sepaaesventional batch least squ
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solution into identical tasks per receiver that asma peer-to-peer process on the internet.
Compared to the centralized approach of the IGS differs a substantial increase|in
processing capacity per receiver, so that routinader solutions can run at higher data

rates and higher product rates than IGS. Furthexnibis processing capacity is scal
in the number of receivers so that new receivers jon without augmenting th
workload for existing processes. The peer-to-pegrleémentation strictly avoids centr
elements like servers, data centres or analysisesrand neither data nor products n
to be shared with third parties. This also implieat global network operators do n
depend on “best effort” third party systems. GP&-egers can join the Dancer networ
without contributing to the global solution - totalm local receiver products that 8
perfectly consistent with the Dancer ITRF.

The presentation summarizes the progress of theddgproject since the Newcas
workshop and includes a call for participation the global validation campaig
Demonstrations of the software can be organizedaonad hoc basis during tf
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workshop.
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Time Series Analysis of GNSS-SLR Co-Located Statisn

K. Sonica, D. Thallet , R. Dach, L. Ostinf, A. Jaggl, G. Beutlet, C. Rodriguez-Solafd.
Steigenbergér U. Hugentoblér M. Fritsché, R. DietricH, K. Wand, M. Rothachet

!Astronomical Institute, University of Bern, Swittzmd

?|nstitut fir Astronomische und Physikalische GedglaBechnische Universitat Miinchen, Germany
3Institut fir Planetare Geodasie, Technische UnitzrBresden, Germany

“Institute of Geodesy and Photogrammetry, ETH Z{jr&hitzerland

Abstract

The 17-year time series of GNSS and SLR statiomdioates are analysed using a new
program of Bernese GNSS Software, namely FODITB8dBElutliers and Discontinuities
In Time Series). In this program all statisticalgnificant station events are detected i.e.:
station discontinuities induced by technical andimmmental sources; velocity changes
(caused typically by earthquakes); outliers andogéaities (annual and semi-annyal
signals of coordinates’ time series). The positioh$0 SLR stations are derived using
laser measurements to LAGEOS-1 and LAGEOS-2 fortittne span 1994.0-2011.0
whereas positions of 595 GNSS stations are defroed GPS-only solutions for 1994.
2002.0 and GPS-GLONASS combined solutions for 2B@P11.0. The analysis of the
time series of GNSS-SLR co-located stations all@asying out a multi-technique
comparison between e.g. periodicities stemming frenvironmental sources (e.g.
h

N
1

inaccuracies in loading displacement models), wisichh common for GNSS and SL
stations, and periodicities stemming directly fréechnological issues related to f
particular technique of satellite geodesy, i.eheitSLR or GNSS.

e

The results presented here stem from SNF researofecp ,Geodatische und
geodynamische Nutzung reprozessierter GPS-, GLONASE SLR-Daten” jointly
carried out by four universities: Technische Unsigit Dresden (TUD), Eidgendssisc
Technische Hochschule Zirich (ETHZ), UniversitatriBe Astronomisches Instity
(AIUB) and Technische Universitat Minchen (TUM).
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Application of Wavelet Semblance Function to Compdson of Centre of Mass Time
Series Determined by SLR, GNSS and DORIS Techniques

W. KosekR? W. Popi ski?, AWn k', M. Zbylut*

'Environmental Engineering and Land Surveying, Ursitg of Agriculture in Krakow, Poland
Space Research Center, Polish Academy of Sciewsaw, Poland

Abstract

the Earth. The geocenter time series can be nowpetmd from the Satellite Laser
Ranging (SLR), Doppler Orbitography and Radiopositig Integrated by Satellite
(DORIS) and Global Navigation Satellite Systems @3\ observations with the
sampling interval ranking from one day to one wéléie time-frequency wavelet spectra
computed from Morlet wavelet transform coefficieafshese time series reveal seasanal
and subseasonal oscillations in these data. Theletasemblance function was appIiEd

S

Geocenter motion is the motion of center of magh waspect to the center of figure}}of

to compute time-frequency correlation coefficieristween these 3D time seri
projected as 2D complex-valued time series onto X¥, and ZX planes of the
Terrestrial Reference Frame. Additionally, the paktion functions computed fro
wavelet spectra enabled detection of common varniatin the flattening and polarization
of the relevant elliptic oscillations in these dati@xt, these time series were transformed
into time-scale domain using the discrete wavelahdform based on the Shannon
wavelet functions. Such a transformation enablempedation of the semblange
functions between the wavelet transform coeffigeof the considered time series
determined by different techniques. Assuming adigemblance threshold, e.g. 0.1, zero
values were assigned to discrete wavelet transéarfficients for which the semblance
was below this threshold. The common signals in dbmpared center of mass time
series were then computed using the inverse descvedvelet transform of th
coefficients for which the semblance exceeded $saraed threshold level.
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Activities at the CODE Analysis Center

R.DacH, S.Schaér S.LutZ, M.Meindl!, H.BocK, E.Orliacd, L.Prangé, D.Thallet, Y.Jean, U.Meyer,
L.Ostini*, K.Sosnicd P.Walset, A.Jaggt

AIUB: Astronomical Institute of the University ofeéBn, Bern, Switzerland
Zswisstopo: Swiss Federal Office of Topography stiss, Wabern, Switzerland

Abstract

Overview of the analysis activities at the Centar Orbit Determination in Europ
(CODE). Specific issues relevant to the IGS areresisbd and the most important new
developments and model changes are presented.
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USNO Analysis Center Progress 2010-2012

C. Hackman, V.J. Slabinski, J.C. Tracey, S.M. Byram

United States Naval Observatory, Washington DC, USA

Abstract

The USNO has added new capabilities/responsilsiliied strengthened existing or

since the 2010 IGS Workshop. New capabilities/rasgmlities include assuming

computation of IGS Final Troposphere estimatesiricttathe IGS Troposphere Workin

Group, developing GLONASS processing capabilityeragionalizing sub-daily UTGPS
estimates, and gaining memberships on the IGS @GmyeBoard and IGS Associated

Membership Committee. Existing capabilities condiddstrengthened include 99-10C
on-time submission of USNO Rapid and Ultra-Rapidtinestes, with slight
improvements made in orbit rotation, clock noisd B®OP noise.

Further improvements are still needed in rapid kclacd all rapid/ultra-rapid EOP nois

USNO will additionally assume Repro2 tropospherenpotation duties once Reprg2

orbits/clocks/ERPs are being generated.

Two separate posters by Byram et al. will detail N@S IGS final tropospher
computation and USNO GLONASS processing. This pogik provide an overview of
new developments at the USNO analysis center, ptquhecision/reliability, and futur
plans.
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The Stability and Dynamic Analysis of Chinese CGCSI0 CORS

Yamin Dang Jinzhong Bei Hanjiang Wen

Chinese Academy of Surveying and Mapping, Beijidbina
Abstract

There are more than 30 CORS stations included imeSh GCS2000 geodeﬂic
coordinate system. 32 CORS stations data from 1892009 were collected and
processed for analyzing their stabilities and tixeagnic characteristics. The time serjes
analysis for repeatability and non-linear periodariation in horizontal direction were
implemented by using spectrum and wavelet analgsid, HHT transform was used fpr
trend term decomposition and periodic analysis. &halysis shows that most CORS
stations have annual periodic change except fetiostalike URUM XIAG. Some
stations like CHUN HRBN etc. have periodic characteristic in E dir@ctiand some are
not. The analysis result also shows that perioti@racteristic in N direction is more
obvious than in E direction.
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Impact of Short Period Atmospheric Loading Signals

Thomas Herring

Department of Earth, Atmospheric, and Planetarg8ms, MIT, Cambridge, USA

Abstract

Atmospheric pressure loading in a center of figwference frame primarily affects the
vertical positions of sites with the typical hontal displacements being about 10 ti
smaller than the vertical ones. The high freqyguaxt of the spectrum of the vertigal
displacements has strong peaks at the S1 and 8Rlitids that arise from thermal
atmospheric tides. However, in a center of magsence frame, current models show
that the horizontal displacements are comparald&zato the vertical ones and at the|S1
and S2 tidal lines the horizontal signals are oftgge than the vertical ones at specific
locations. In addition, the S1 and S2 tidal lirsee of thermal origin and are not [of

constant amplitude and phase. When the curre@n81S2 center of mass system tidal
loading corrections are applied to center of maad kalculations, there is typically still

a large amount of power remaining in the loadirgnal at the S1 and S2 frequencies
especially in the horizontal components. Mosthi$ power arises from center of mass
position changes relative to center of figure.this analysis, we examine the magnitude
of the residual S1 and S2 signals and assess thacinof these coherent signals and
other sub-daily load variations on global GPS gitesitions, earth orientation parametgers
and orbit determination. The more difficult questto answer will be the signal-to-noise
ratio of both the tidal and non-tidal loading silgnia the center of mass reference frame.
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Can We Decorrelate Geocenter Motion from EmpiricalAccelerations?

Paul Rebischund, Tim Springef, Zuheir Altamimf

Y GN/LAREG and GRGS
2ESA/ESOC

Abstract

As a satellite-based technique, GNSS are theoligteensitive to motions of the Earth's
center of mass (CM). In particular, the net traishs between the weekly solutions |of
the IGS Analysis Centers (ACs) and a secular frsueh as ITRF2008 shou|d

approximate the non-linear motions of CM with regpe the Earth's center of figure

However, this sensitivity is limited by an insuféat knowledge of the non-gravitationa
forces acting on GNSS satellites which leads ACsestimate them as empirical

accelerations.

This presentation will focus on the correlationdween the empirical acceleration

parameters estimated by the ESOC Analysis Centethanposition of CM. We will try

to reduce them by appropriately constraining th@igoal accelerations, and see if this
helps to improve the determination of geocenterianotvhile preserving the accuracy (of

the estimated satellite orbits and terrestrial #am
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Impact of Inconsistent Use of IERS Conventions onfP Results

H.Bock, R.Dach, A.Jaggi

AIUB: Astronomical Institute, University of Bernw#tzerland

Abstract

The IERS Conventions define the standard referesgstems realized by the

International Earth Rotation and Reference Syst®ersice (IERS) and the models and
procedures used for this purpose. State-of-thgeaotessing of space geodetic data
requires, in principle, to adopt the latest versadrthe IERS Conventions, e.g., IERS
2010. This means, however, to frequently updatéysisasoftware packages accordingly,
which cannot always be realized immediately dueseweral reasons, e.g., operational
constraints. Small inconsistencies are an unavtedainsequence.

The impact of the use of inconsistent IERS Conwastis assessed by processing GNSS
data from a global station network. Orbits and kfotom GPS and GLONASS satellites
resulting from a reprocessing based on the IER® Zinventions are used for a Pregise
Point Positioning (PPP) of the stations. On the loead, the PPP is done with consistent
IERS 2010 Convention models and on the other hidnedolder IERS Conventions 2003
are used for the PPP. Results of kinematic andcstatalyses are compared and
investigated to quantify and qualify the impact af inconsistent use of the IERS
Conventions.
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Current Status and Future Plans at the Natural Resorces Canada (NRCan)

Analysis Centre
B. Donahue, R. Ghoddousi-Fard , F. Lahaye, Y. Mile#&. Tétreault, M. Caissy
Geodetic Survey Division, Natural Resources Car{BléRCan)

Abstract

As an IGS Analysis Center (AC), NRCan has genersiteck the beginning of the IGS,
GPS core products such as GPS satellite orbits, $aRdlite and station clocks, earth
rotation parameters and station positions. NRCas &lso been involved in the
production and promotion of GPS Real-Time (RT) &lwhr Real-Time (NRT) products

and services for more than 10 years. NRCan has necently begun producing bot
rapid and final GLONASS orbits and clocks, and isrrently working on the

development of ultra rapid GLONASS orbits and ckdkey products and services, like

1Hz GPS station data, 30 second GNSS station @ladiaiGNSS Precise Point Positioning

(PPP) continue to be refined and available to thebay GNSS community. This
presentation will summarize the current status BIOdn’s core GNSS products as well

as our near RT data, products, and services. It aldo show NRCan’s planne

contribution and analysis strategy for the upcomi®§ repro2 campaign, initial results
of NRCan'’s recently developed GLONASS ultra rapidducts, as well as a description

of NRCan’s planned contribution to the final IG®aspheric TEC grid.
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GOP EUREF Permanent Network Reprocessing Using 1IGS0and IGS08 Models

J. Dousa, P. Vaclavovic
Geodetic Observatory Pecny, Research Instituteeofd@sy, Topography and Cartography, Czech
Republic

Abstract

Geodetic Observatory Pecny, Research Institute @&od@sy, Topography and
Cartography, Czech RepublicThe GNSS re-processiepgrql) has been necessarily
realized during the past years within the Inteoral GNSS Service (IGS) in order to
provide homogenous parameter time-series accotdirige best models and produdts.
The EUREF reprocessing has followed the IGS repwdiile the IGS orbit and cloc

products were kept fixed. The EUREF ITRF2008 déredibn is based partly on the
EUREF reprocessed solutions and partly on operatswiutions (since GPS week 1408)
so that the consistent set of adopted models isiged. However, the ITRF2008
densifications is still a mixture of various anatysentres contributions, software
packages, reprocessed and operational solutionsAdtmugh some problems wefe
finally identified, the expected significant impements of new ITRF2008 Europegn
reference frame densification were really achieved.

Firstly, GOP contributed to the EPN reprol with std-network of about 70 statior)s.
Secondly, GOP provided an independent re-processingpe whole EPN from GP
week 0836 to 1631 using both IGS05 and IGS08 reterdrames (RF) and antenpa
phase centre offsets and variations (PCO+PCV) han 1996-2011 combinations for
velocity and discontinuity estimations. The GOP 05Ssolution was used fto
independently evaluate an official EUREF ITRF20Ghslfication, while helping to
identify some issues with the EUREF reprol campaiggh providing recommendations
for future repro2. Additionally, it has shown prebis of the official ITRF2008 for some
European stations. The comparisons of IGS05 and8G®lutions resulted in a very
good agreement for all coordinates and velocitiesyever, a scale change of about 1ppb
was identified (improves ~2ppb scale between thRFRAD08 its GNSS-based only
European densification applying 1GS05 models). BnasOP continued with the
reprocessing from GPS week 1632 during which IGEcked from IGS05 to IGS08 RF
and PCO+PCV models. This enabled us to assess jactnof such switch on the
European cumulative densification, which necesgamilx IGS05 and IGS08 models |n
order to provide as much as up-to-date solutiorefwr users after GPS week 1931.
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The JPL IGS Analysis Center: Status and Plans

Shailen Desai, Willy Bertiger, Bruce Haines, ChiniatSelle, Aurore Sibois, Anthony Sibthorpe, and Ja
Weiss

Jet Propulsion Laboratory, California InstituteTachnology

Abstract

We present an overview of the activities being qened by the Jet Propulsion
Laboratory (JPL) in support of the International &N Service (IGS). The JPL |
Analysis Center will contribute products from amalysis of global GPS data fro
1993-present to the next IGS reprocessing campaging our GIPSY/OASIS software
package. In particular, we will deliver solutioms the orbit positions and clock biases| of
the GPS constellation of satellites, Earth OrieotaParameters, daily SINEX files with
station positions, troposphere observations, amd faes of the GPS satellites.
clock products will include 5-minute solutions ftire full reanalysis period, and 30-
second solutions for 1996-present.

We present results from a first reanalysis of GRf drom 1993-present completed|in
mid-2012. This first reanalysis used the recendieased 1GS08 reference frame and
associated antenna calibrations, IERS 2010 stamdartl an updated solar radiation
pressure model (GSPM10). We show that the precisiothese new orbit and clogk
products improves by an average of 25 and 12 percespectively, compared to our
products from the first IGS reprocessing campalore importantly, our most recent
reanalysis also includes products that enable esingiceiver ambiguity resolved
positioning for the entire duration (1993-presentfh)jch are automatically applied when
performing positioning with the GIPSY/OASIS softwaiWe show that 30-70% variance
reduction in station repeatability is achieved fridma cumulative effect of our improved
orbit and clock products and the capability to perf single receiver ambiguity resolved
point positioning. Typical east, north and up statiepeatabilities of 2, 2, and 6 mm
achieved for daily static precise point positioniagd 6, 7, and 16 mm for unconstrained
white noise 5-minute kinematic point positioning.

We conclude by presenting our plans for the mimtpustments that will be made prior to
a second reanalysis from 1993-present for submmstiothe next IGS reprocessing
campaign, and plans for the next release of th&&®IBASIS software, version 6.2.
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Incorporating Seasonal Variations Based on GRACE Masurements in Global and
Regional TRF Models

Rong Zod 2 Jeffrey T. Freymuellér Yuning Fif
Planetary Science Institute, Faculty of Earth Smésn China University of Geosciences, Wuhan, China

“Geophysical Institute, University of Alaska FairkanUSA

Abstract

Significant seasonal variations (especially in Wieetical) are found in many GPS sites,

but no such variations are assumed in the ITRF feodes a result, real seasonal

variations at sites used for reference frame algmmmay affect reference frame

realization and coordinate time series at a seadonascale. Ignoring true seasonal

variations will bias both the reference frame partars and the coordinates of all sites in
the transformed solution. In this study, we introel@ seasonal loading model based on
GRACE measurements to model hydrological loadingeffect, this augments the ITRF

by adding a seasonal componentto all sites (thditag of seasonal variations on many
ITRF sites exceeds 5 mm). We then evaluate thetbeth the original ITRF2008 and

the seasonally augmented ITRF model for global aedional reference frame
realization. We model the seasonal components usithgr annual and semi-annuyal
terms or a non-parametric approach. When we apjpliedasonal variation model, the
WRMS misfit after 7-parameter transformation desesafor more than 70% of daily
GPS solutions, relative to a baseline case usiRFFPD08. In general, seasonal variations
at all sites are slightly larger amplitude whenalign daily solutions with the seasonally
augmented ITRF model. However, the observed sebsariations are more consistent
with the GRACE-based model at more than 70% of3R& sites that were NOT used|in
the frame alignment. We interpret these findingsmean that the use of ITRF2008
without seasonal terms causes the amplitude obeabsariations in the coordinate time
series to be damped down relative to the true tmpdeformation, and that the obseryed
GPS time series are more consistent with a TRF htbdeincludes seasonal variations.
We have implicitly assumed that ignoring seasoralations has not introduced any
biases or distortions into the ITRF model itselft that assumption should be verified.
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The ESA/ESOC Analysis Center Progress, Improvemen@nd Planned Upgrades in
the GNSS Data Processing

Tim Springer, Ignacio Romero, Florian Dilssner,clom Feltens
ESA/ESOC, Darmstadt, Germany

Abstract

ESA/ESOC continues to be an active IGS Analysist€enThis poster presents the
recent improvements in our processing software Ngp¢he increased quality and
consistency of the ESA/ESOC products, and the glarfsiture improvements
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Towards a Vertical Datum Standardisation Based on doint Analysis of TIGA,
Satellite Altimetry and Gravity Field Modelling Pro ducts

Sanchez, L.
DGFI, Germany

Abstract

One of the most important problems of modern gepaeshe definition and realisatign
of a global vertical reference system, which usifiazvith high accuracy, the existing
classical height datums. Keeping in mind that #ference levels of these datums were
realised by the mean sea level recorded at indavitlde gauges during different ti
periods, their unification requires the accuratevidedge of the real mean sea surface at
the definition time interval and the actual locati¢w. r. t. the geocentric reference
system) of the tide gauge rod at the same epodk.iStonly possible by deriving the
corresponding vertical velocities from the combiredlysis of GNSS series, tide gauge
observations, and satellite altimetry data at comrsites. The present contributipn
describes an approach for the combination of &¢hobservables, including a detailed
analysis of the error sources and the correspongirapagation, as well as the
uncertainties caused by applying different modelsthe data processing, i.e. tides
reference system, orthometric hypothesis, etc. Asemample, the vertical datu
standardisation at some South American height sysie presented.
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The BLT IGS TIGA Analysis Center

F. N. Teferlé, R. M. Bingley, D. Hansefy O. Alhamadarii A. Hunegnaw

'Geophysics Laboratory, University of Luxembourg

’NERC British Isles continuous GNSS Facility (BIGBpiversity of Nottingham

3Nottingham Geospatial Institute (formerly InstitateEngineering Surveying and Space Geodesy),
University of Nottingham

Abstract

During 2011, the consortium consisting of the NERfltish Isles continuous GNSS
Facility (BIGF), hosted by the University of Nottjnam, and the Geophysics Laboratpry
(GL), University of Luxembourg, was established #z BIGF-University of
Luxembourg TIGA Analysis Center (BLT). The BLT jpases to contribute minimally
constrained SINEX solutions computed using the mB=snese GNSS Software V5|2
(BSW5.2) to the TIGA Working Group. Over the pdswv years, the University of
Nottingham (UNT) has carried out re-processing &megate its own homogeneous,
satellite orbit and clock, and EOP products, fa period from 1998-2007, using an in-
house modified version of the Bernese GPS softwar® (BSWH5.0), which includes the
Vienna mapping functions (VMF1). In preparation floee TIGA reprocessing campaign,
BLT has produced a series of preliminary solutioseg this modified BSW5.0 and
processing of a global network based on doublexgificing (DD). These solutions are
based on the use of CODE reprol products (col),rEp&1 products (igl) and UNT
products. In this study, we provide an evaluatérthe UNT products, based on using
the modified BSW5.0 in precise point positionind®® mode, and an evaluation of the
derived DD coordinate time series.
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An Evaluation of a Monte Carlo Markov Chain Method for the Statistical Analysis
of GPS Time Series

G. Olivares, F. N. Teferld, S. D. P. William$

'Geophysics Laboratory, University of Luxembourg
National Oceanography Centre, Liverpool

Abstract

The primary objective of the TIGA working group i® compute accura
geocentric velocities with realistic uncertaintiesall continuous GPS stations located at
or near a tide gauge. These velocities are gegecaimputed by fitting a model

consisting of a linear trend, periodic terms anscaditinuities to the daily or weekly

coordinate time series. It is now widely acceptedt in order to compute realistic

velocity uncertainties a comprehensive knowledgiefstochastic properties of the non-
Gaussian noise within the time series is cruckit affects the parameter estimation and
associated uncertainties. Currently, a number dafhots have been described in the
literature; these include, for example, optimizatimethods (maximum likelihoo
estimation (MLE) and least-squares) and empiricaihmds (Allan Variance). Although

these methods provide more realistic uncertaintias those based on the assumption of
Gaussian noise, they do not intrinsically providguantification of the error of th
spectral index estimate nor of the correlation leetw the estimated parameters
themselves.

We present a Monte Carlo Markov Chain (MCMC) methodimultaneously estimate
the velocities and the stochastic properties ofrthise in coordinate time series. This
method allows to get a sample of the likelihoodction and thereby, using Monte Carlo
integration, all parameters and their uncertainaes estimated simultaneously.
assess this MCMC method through comparison withwitely used CATS software,
which applies an MLE algorithm, using reprocessaitlydGPS time series (British Isles
continuous GNSS Facility (BIGF) level 2 productrfr a global network of stations.
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The Potential of Persistent Scatterer Interferomety for Complementing GPS
Installations at Tide Gauges — Experiences from thenited Kingdom

L. Adamska, A. Sowtef, R. M. Bingley, S. D. P. William§ D. G. Tragheirfy F. N. Teferl&

!Nottingham Geospatial Institute, University of Negham, Nottingham, UK
“National Oceanography Centre, Liverpool, UK

3British Geological Survey, Keyworth, UK

“Geophysics Laboratory, University of Luxembourgxémbourg, Luxembourg

Abstract

Persistent Scatterer Interferometry (PSI) is a phwéechnique for measurement a
monitoring of vertical land movements (VLM) by tlamalysis of the time series

especially selected pixels in satellite imagingaradata. Contrary to other geode
techniques, such as precise levelling and/or coatis GPS, which are used at t
gauge (TG) sites to monitor their stability, PStépable of providing estimates fron
local to regional spatial extent. Over the pastyeBSI| has been successfully applied
the monitoring of urban and rural areas, as well@dsanoes and land slides, providi
millimetre-level accuracy. However, the applicatiof PSI to coastal areas and
monitoring TG sites has not been well investigdtethis study the suitability of the P$
techniqgue using ERS1/2 and Envisat imaging radaa da investigated for th
application to coastal areas and to monitor thédilgia of benchmarks and GP
installations at four TGs in the United Kingdom. eVjdresent results on scatte
identification under varying levels of urbanizatiand/or vegetation at TG sites and
ocean tide loading in PSI processing. The lageoutinely modelled in GPS analys¢
but largely ignored in PSI.

nd
Of
tic
de
a
] to
ng
to
|
e
S
rer
on
DS,

Q4



P11-05
The TIGA Data Assembly Centre SONEL: Recent Develapents and Perspectives

M. Gravelld, M. Guichard' 2 G. Wéppelmanh

Y IENSS (Université de la Rochelle — CNRS),
rédération de Recherche en Environnement pourvelBigpement Durable, La Rochelle, France

Abstract

TIGA aims at processing and reprocessing GNSSfdatapermanent stations at or ng
tide gauges in order to provide robust estimatehaif vertical land movement. Relat
important products are the weekly position timaeserthe offset discontinuities and t
accurate average positions of the tide gaugeseratiest ITRF. Since November 20
SONEL (www.sonel.org) acts as the primary TIGA degatre. It therefore focuses

collecting, archiving and distributing observatidingm GNSS stations at or near ti
gauges, but also from the IGS core stations to@tgach TIGA analysis centre (TA(
in its processing and reference frame alignmenaldb aims at providing the abo
mentioned products. In this respect, we will présba new tools that are developed
display and provide the latest and previous GNSHBtisas from each TAC in i

standardized format, as well as the combined swiatfrom the TIGA Working Group.

In the near future, the main page of the websité b restructured to highlight thos
products and its applications for climate-relatadies, control of the satellite altimet
stability or unification of height systems. One tbém builds upon the dynamic to
developed by the Permanent Service for Mean Searl (ESMSL) to calculate an
display the rates of relative sea level change aifferent periods. The purpose
SONEL will be to provide the rates of absolute (@&dric) sea level change |
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correcting the PSMSL relative trends with the eated GNSS vertical velocities.
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GPS Estimates of Vertical Land Motion for Altimeter Calibration

Alvaro Santamaria-Gom&aviédéric Gravelle Xavier Collilieux, Mikael Guichard, Belén Martin
MigueZ, Pascal TiphaneduGuy Woppelmarin

YIGN Spain / University of La Rochelle
2University of La Rochelle

%|GN France

‘CETMAR

Abstract

Global Positioning System (GPS) data reanalysesramedatory when aiming at the
highest consistency of the estimated productshferthole data period. The University
of La Rochelle Consortium (ULR) has carried outesal GPS data reanalysis campaigns
with an increasing tracking network, an improvingpgessing strategy and the best
available models. The main objective of this effisrtto correct for long-term vertica
land motions at tide gauges (TG) by estimating faigburate GPS vertical velocities |at
co-located stations (GPS@TG), useful for long-tesga-level change studies and
satellite altimeter drift monitoring. The latest SRvelocity field estimated at UL
(named ULR5) includes 326 GPS stations, fromwhieh @&e GPS@TG. The application
of this velocity field is illustrated at worldwidEGs in order to appraise to what extent
vertical land movements contaminate the estimatastellite altimetry drifts. By takin
into account the vertical land motion of the tideuges, the impact on the altimeter-
derived sea level trends was evaluated to be Qgstonm/yr.
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TIGA Network Coordination: Monitoring Data Fluxes a nd Providing Metadata

E. Proutealj M. Gravellé, M. Guichard, D. Mesmaket Q. Bairé, C. Bruynin¥, G. Wéppelmanh
Y IENSS (Université de la Rochelle — CNRS), France

Royal Observatory of Belgium, Belgium

Abstract

This presentation aims to introduce the role of THEA network coordinator. Thi
position was missing during the TIGA pilot projesta (2001-2010) and only filled i
2011. The role is closely related to the TIGA degmtre (TDC) activities which af
carried out within the same institution at the Wmsity of La Rochelle. It require
monitoring the GNSS observations that are collectdtie form of 24h/30s RINEX file
and reporting on the status of the data actuallgenzvailable. Nearly 700 station records
are stored today at the TDC, out of which 503 areere located at or near a tide gauge.
The role also requires checking the availabilityd aconsistency of the associated
metadata, which are mostly condensed in the seac#BS station sitelogs.

U © 5 ¥

These requirements are necessary for the TIGA sisalgenters (TAC) to properly
process the measurements and get accurate pdsitieseries and vertical velocities, |in
particular when a change has occurred to the atatipipment or local environment. To
fulfill these network coordination objectives, t8B®NEL database has been expanded
and automatic procedures are developed based opimgagnd web-based tools. Some
of these tools still necessitate refinement or rignifor instance to cope with the
providers specific data latency in order to setigate alerts.

In addition, we are developing web-based tools uppsrt newcomers who are not
familiar with the 1IGS or GNSS practices in ordereimable them to commit to TIGA
more easily (e.g., DOMES numbers request, submmissica compliant station sitelog).
Only 112 out of the above 503 stations in the TDE farmally committed to TIGA
Technical support in RINEX conversion and qualigntol is also important for sea
level agencies that are not processing GNSS dattnéir own purposes and thus may
not notice when their observation files are coredptin this latter respect collaboration
has been established between ROB and the University Rochelle.
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Processing of a Regional EPN Sub-Network with GlobdGS Sites at WUT EPN

LAC: Experiences and Preliminary Results
T. Liwosz
Warsaw University of Technology, Poland

Abstract

The poster presents initial experiences and restdtaming from common GPS analysi
of a regional EPN sub-network together with glolésb stations obtained by WUT ERN
LAC. These analyses have been performed as a pteparphase for WUT'S
contribution to EPN-Repro2 project which now inatsda global extension of the EPN
network. The EPN has become TIGA Analysis Centr@dhl. The WUT EPN LAC is
one of 18 Local Analysis Centers of the EUREF PaenaNetwork (EPN).The analysis
has been performed using Bernese GPS Softwareb\erpossibility to apply GMKF
mapping function has been added). We processededinal EPN sites together with
_90 IGS global sites. Strategy used for GPS dadysis will be described on the poster.
The comparison of time series of the common satutiith regional only will also be¢
presented for selected TIGA stations.
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North Shields Tide Gauge: Local Ties Lessons

Kirill Palamartchouk, Nigel Penna, Peter Clarke
Newcastle University, UK

Abstract

The North Shields tide gauge is one of the corelessl measurement sites in the UK
and contributes data to PSMSL. It has been progidieasurements since 1895 with
completeness of 93%. In the 1998 continuously dperaGPS station NSTG was
installed near the tide gauge and local controlesys between them were carried out
regularly. Due to construction works the statiom @ be dismantled in 2009, the tide
gauge moved and a new continuous GNSS station N8&& constructed. Although
there was a two week period of data overlap betwleese two sites, data quality appears
to be substandard. In this presentation we sharexperience in overcoming the data
guality limitations in the process of establishthg ties between two GNSS site and the
tide gauge.




P12-01
Using IGS Products for Near Real-Time Comparison oUTC(k)'s

P. Defraigne, Q. Baire
Royal Observatory of Belgium

Abstract

The time-transfer technique based on Precise Pasitioning (PPP) has proved to be a

very effective technique allowing the comparisoratdmic clocks with precision at th

level of hundred picoseconds, with latency of ldem a few days. Using satellite orbit
and clock information from the IGS ultra-rapid arehl-time products, or from the
NRCan Ultra Rapid products (EMU), it is now possiltb compute very precise time

transfer solutions in near-real-time mode (latedoyvn to some minutes), using bg

code and carrier phase measurements in a PPP appléging the software tool named

“Atomium” developed at ORB, we set up an operatioservice for the Nationa

Metrology Institutes, providing a near-real timeargmarison of their local realizations pf

UTC, named UTC(K)'s. The poster presents thisiegdn and a quantification of th
guality of the clock monitoring so-obtained.
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A focus on Estimated Coseismic Displacements usii@S Weekly Station Positions

Daphné Lerciér Zuheir Altamimt, Xavier Collilieux, Christophe Vign¥

'IGN/LAREG ; GRGS
%L aboratoire de Géologie
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Given the large number of IGS stations and thedbgl distribution, IGS network
frequently records crustal deformations due toheprikes. However, the weekly IGS
products don't allow to estimate correctly cosetsmffsets. For stations affected py

recent great earthquakes, position residuals a¥ichaal Analysis Center (AC) solution

w.rt IGS combined positions show clear differenoeslata editing and/or processing
strategies. These differences can be generallyagyqu by the exclusion of data by
several ACs for specific days of the GPS week. Bf/ins problem will be partly solved

with future daily solutions, every AC may excluddsets of observations recorded a gday

of an earthquake so that final estimated positioray integrate different mixtures of

preseismic, coseismic and postseismic data. Ifutiuee, verification of the ACs’ epocl

block solutions before combination should be plahwlen seismic events are reported.

In order to improve the quality of IGS combined wumn, common AC processin
strategies are necessary.

g



P12-03
Processing LEO Data and Gravity Field Determinationat AIUB: A Status Report

U.Meyer, H.Bock, L.Prange, A.Jaggi, R.Dach

AIUB: Astronomical Institute, University of Bernw#tzerland
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The Astronomical Institute of the University of Be(AlUB) has a well-documente
record concerning the scientific analysis of GloNaligation Satellite System (GNS
data with the Bernese GNSS Software. The CenteOfbit Determination in Europ

(CODE) at AIUB generates the full IGS product limeparticular GNSS orbits and high-

rate satellite clock corrections, which are avdddbr spaceborne applications.

Spaceborne measurements of the Global Positionste® (GPS) are used at AIUB [to
determine precise kinematic and reduced-dynamidtsofor a variety of low Earth
orbiting (LEO) satellites. So-called pseudo-stoticasrbit modeling techniques allow
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for efficient and flexible LEO precise orbit detenation (POD) and have been used,

e.g., to exploit CHAMP and GRACE GPS (and K-banaljador orbit and gravity field
recovery. Currently, the POD procedures are useflIby8 to derive the precise science

orbits for the GOCE mission.

We present LEO POD results based on undifferende8 @&easurements, and grav
field recovery using kinematic positions.
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Assessment of Single Epoch Integer Precise Point$tioning Performances

Francois Funy Felix Perosariz Flavien Mercie, Sylvain Loyef

Centre National d’Etudes Spatiales (CNES), France
%Collecte Localisation Satellites (CLS), France
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Recent improvements in Precise Point Positioni@P)Pincluding ambiguity resolution
(Integer PPP; IPPP) make this technique a poteraitdrnative to the classical
differential approach. Single epoch positioningaigpowerful method for geosciences
applications, atmosphere monitoring, time transted mobile tracking.

First, this study evaluates the current accuracgiofle epoch IPPP derived from| a
global station network where each station is coegbuhdependently. After discussing
the benefits of fixing ambiguities, we focus on eening signal on time series.

We first review the problem of correlations betwgmrameters derived from single
epoch IPPP. Then, we quantify how remaining eriar®observation equations and
satellite products propagate on IPPP estimates.skoh purpose, differential single
epoch IPPP series obtained at close stations anpared to classical double differenges
solutions. We demonstrate the need to use consistaestraints with the expected signal.
We show the benefits of constraints applied to tpos and/or tropospheric estimates
when single epoch IPPP is used for observing l@pdico-seismic, post-seismic
displacements, and mobile tracking. Finally, thepaet is evaluated for time transfer
applications.
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Some Aspects of GBAS Application to Geodynamical Gdies

Janusz Bogus$zMariusz Figursii, Bernard Kontn$; Piotr Grzempowskj Anna K 03

!Military University of Technology, Warsaw, Poland
“Wroc aw University of Environmental and Life Sciesc

Abstract

Originally augmentation of a global navigation fatesystem (GNSS) is a method pf
improving the navigation system's attributes, sumfh accuracy, reliability, and

availability, through the integration of externafarmation into the calculation process.
Each of the terms of Ground Base Augmentation 8y§@BAS) describe a system that
supports augmentation through the use of terré&MNSS sites. Over time, it turned qut
that the ground stations can also be successfaby tor scientific research in terms|of
geodynamics. Dense deployment of these stationwslto perform analysis of a local
nature, including the creation of regional moddighe recent neotectonic movements.
Polish GBAS (ASG-EUPOS) consists of over 130 slossted at the area of Poland
together with some incorporated sites from abrém@010 the project aimed at creatipng
supporting modules for ASG-EUPOS real-time servststed and within this project

the geodynamical module was incorporated. This googtresents results of joint

processing of ASG-EUPOS observations together BN made in the Militar
University of Technology EPN Local Analysis Centsgydies on coordinate time series,
determination of the local velocity field in botheaming (absolute and intraplate) as well
as the first calculation of the local strain ratasing on information from Polish GBAS
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IGS Products in GNSS Time Transfer Using TTS-4 Recdeers

A.Foks-Ryznar, P. Lejba, J. Nawrocki, D. Lerski,
Space Research Centre PAS, Poland

Abstract

Presently the time transfer techniques used irctimparison of remote clocks for TA
computation are based on satellite signals. Theonihajof links in TAI time transfef
network use GPS or GLONASS constellation for comiwiew (all-in-view) multi-
channel or Precise Point Positioning techniquele- dne-way techniques which are
susceptible to orbit perturbations and atmosphaelays. A condition of reaching the
uncertainty better than one nanosecond is the tisbservation corrections. The Time
Transfer System 4 (TTS-4) multi-frequency multistellation receivers were included
to time transfer links in 2011. The poster providles results of comparisons of the
GNSS time transfer methods using raw data andtiéluse of the IGS products.
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Atmospheric Loading Detection Using Regional GNSS &work: Case Study of
Polish GBAS System

Marcin Rajner, Tomasz Liwosz

Warsaw University of Technology, Poland
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The recent precision of satellite geodesy techrmgiiews to study subtle geodynami
phenomena. While the Earth crust cannot be regaadedid body anymore one has
deal with atmospheric loading (ATML) effects in G8l$esults which can be as big
few centimetres for height component. In this wakexamine the results of GNSS d

collected within ASG-EUPOS system — polish natidBBIAS. We computed height time

series of nearly hundred GNSS sites for almosty@ae time span. For this purpose
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we

used Bernese 5.0 processing package utilizing thet necent models and IGS products.

The coordinate variations were checked againstrbdelled atmospheric loading. We

used the freely available data set provided by lee&etrov as well our own calculatio

Our values were computed on the base of crustgbepties (in terms of Greens

functions) convolved along with global pressurddfiextracted from numerical weath
models.

We found an overall good agreement for height campb was found while for th

horizontal component comparison is ambiguous. disénct diminish of height time

series is clear for majority of selected sites WAEML correction were applied. At som
sites we do not see significant reduction of var@&awhich can be even more rob
indicator of site specific noise level then befapplying ATML correction. This allow
to easy pinpoint the problematic sites.

We also put a discussion of some problems of etiam#he global geodynamic signs
in regional network. Some discrepancies betweeneftertiand observed ATML can [

attributed to the shortcomings of processing netweith limited spatial coverage.

Nevertheless this problem await for further invgstions.
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First Investigations on Using Galileo ESAItBOC forTime Transfer

M. C. Martinez-Beld} P. Defraigne

YUniversity of Alicante
Royal Observatory of Belgium

Abstract

Measurements from Global Navigation Satellite Systg GNSS) are used since the
eighties to perform precise and accurate Time aretjdency Transfer. Using GRS
measurements, the time transfer accuracy and fmecere limited by the colore
signature of the codes noise, mainly due to netd-fnultipath. This signature affects the
medium-term (from some hours to some days) stgbdit the solution and induces

possible discontinuities at the day boundariesctvitan reach the nanosecond level|for
some stations, mitigating the quality of the resoltained by this technique.

The European Galileo system is under developmeith, e@urrently two experimental

satellites in operation, GIOVE-A and GIOVE-B andiotoperational satellites launched
in October 2011. Galileo is planned to transmiB iftequency bands (E1, E5 and E6). In
the E5 band, Galileo will use a PRN chip rate o2B0MHz and two subcarriers (Eba
and E5b) spaced at 30.69 MHz, resulting in a 51 Mitle signal bandwidth transmitted
at the 1191.795 MHz carrier frequency, modulatedhwhe alternate BOC(15,10)

techniqgue, denominated AItBOC. Thanks to this ekoepl high bandwidth, th
E5AItBOC code will, in addition, provide significeimprovement of the noise and long-
term multipath performance as compared to currd®®/GLONASS but also compared
to E5a and E5B.

Some studies with GIOVE-A or GIOVE-B data alreaayfirmed the high potential
Galileo code modulations, with code tracking naisgrovement compared to GRS
from dm-level to cm-level values, in particular fBBAItBOC. Further analysis also
demonstrated the highest multipath suppression aoedpto other GNSS signals, down
to values of about 20 cm. For these reasons, ERXIBs very promising for improvin
time transfer applications.

The aim of this study is to investigate new analysiocedures that take benefit|of
Galileo E5AItBOC (E5 hereatfter) for time transf€@ombining the Galileo E5 code with

another code in order to create an ionospheresio&dion would cause the loss of the
properties of this very precise code, due to thsenof the second code used for the
combination. This poster therefore discusses tlssiple use of the E5 code only, with
different strategies to correct the E5 code foritm®spheric delays.
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