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1 Ordnance Survey activities

1.1 National GNSS network

The OS Net network is now managed using the
Trimble Pivot Platform (TPP)™ software from
Trimble and delivers RTK corrections via GSM and
GPRS to approximately 250 Ordnance Survey
surveyors. Public services are also available via
Ordnance Survey commercial partners.

Fig. 1 OS Net GNSS Network



Partners take the raw GNSS data streams from O  BIGF — NERC British Isles
Net servers via NTRIP and use them to generate continuous GNSS Facility
their own correction services.

Current commercial partners offering RTK
service in Great Britain are AXIO-NET, Leica, Soil
Essentials, Topcon and Trimble. Current partner

details can be found at :
http://www.or dnancesur vey.co.uk/oswebsite/products/os-net/index.html.

BIGF is operated from the Nottingham Geospatial
Institute (NGI, formerly IESSG) at The University
of Nottingham, and is funded by the UK Natural
Environment Research Council (NERC). Figure 2
shows the current network of 163 stations, which
includes six stations that are part of the IGS and
A server and software upgrgde was recgntly EPN (DARE, HERS, HERT, INVR, MORP,
completed. The new software is Trimble Pivot . .
Platform and is run off duplicated virtual server NEWL) and ten CGPS@TG stations that contribute
clusters — one at Ordnance gurve HQ and the otherto the IGS TIGA Project (ABER, DVTG, LWTG,

. - ; Yy LIVE, LOWE, NEWL, NSLG, PMTG, SHEE,
at an offsite facility. This provides complete

. SWTG).

redundancy of all aspects of the service and also
allows for quick resource scaling and testing of
upgrades and changes.

1.2 EPN data submissions

Current EPN submissions from GB are hourly data
from HERS, HERT (run by the Natural
Environment Research Council, NERC) and MORP
(run by Newcastle University) plus 24 hour files
from DARE, INVR (OS Net stations), and NEWL
(run by University of Nottingham). It is still
intended to ultimately submit all the OS Net
stations that were part of EUREF GB/IE 2009
stations as EPN stations and submit hourly data
from them as well. However this is currently on
hold waiting for resources to work on the changes.

RTCM 3.0 data from EPN stations DARE, INVR
and from OS Net station SHOE are streamed in real
time via NTRIP. This is in addition to RTK data
from HERT.

1.3  Geoid model improvement

Work to improve the geoid model is almost
complete. It was hoped to complete the new geoid™
model in 2010 but initial analysis showed some Fi9-2The BIGF Network 2014
inconsistencies remained. Further test obserntion

at bench marks were taken to test the preliminary BIGF archives qua"ty_assured RINEX data and
post-fit model surface. Further post computational generates derived products, based on a network of
testing of the fit to Ordnance Datum Newlyn continuous GNSS stations sited throughout the
(ODN) is now being planned. The introduction of British Isles. This network includes the active
the new model will then be tied to an update of the stations of OSGB plus those of Leica Geosystems,
transformation model and also the coordinates of orgnance Survey Ireland and Land and Property

the OS net statons. Services Northern Ireland. It also includes a
The geoid model work is in collaboration with number of ‘scientific’ stations established by:
University College London. See section 5. Defra; the UK Environment Agency; the UK Met

Office; NERC National Oceanography Centre,
Liverpool; NERC Space Geodesy Facility;
Newcastle  University, the  University of
Hertfordshire and the University of Nottingham.



Quality assured RINEX data can be requestedtropospheric parameters (as time series from 1997
from www.bigf.ac.uk. Cumulative demand on the to present).

archive, since inception in 1998, amounts to 4,855k =
stations-days (13,300 station-years ) of 30 second GPS > 5 years H
data, 9k station-days (25 station-years ) of 1Hada go- " osokm pu— 60°
and 1,605k product-days (4,400 station-years) of
derived products, with the 1Hz data and the derived o
products having been available for 3 years now and ki @S
with a broadening of the science annually making .. G guas 55"
use of the archive, such as ongoing studies of land ; O sse e
movement and sea level and atmospheric work in gon ‘aw:::“ . &

. . @earr G MAX @ BRAE
both the ionosphere and troposphere, facilitated by L
both historic data and ongoing hourly and dailadat 2 .
from this dense network. PN R

BIGF'’s derived products are aimed at facilitating Pug "‘°:':' Suono

the scientific research of non-GNSS specialists. qoee g ‘,,we-w-uiv:‘:m;‘w"
The initial derived products are station coordisate s4° S 54°
and velocities, building on previous University of . & S MU.”M;-.MEZ‘”*“"
Nottingham research on the use of CGPS and L1 ‘s":; "‘:»sw
absolute gravity (AG), which was carried out in A o Ds&“&:::'%:mﬁ
collaboration  with the NERC  National 52° oo c:L.:"f;o-nscm,oxgiffsow ™ P52
Oceanography Centre, Liverpool to provide: maps g.pne::}w‘;ﬂ;mﬁf
of current horizontal and vertical land movements o .,"u%‘wo gy
based on about 30 CGPS stations for the periody,. Ao o 50"
from 1997 to 2005 (Teferle et al. 2009); estimates I | Notingham
of changes in land and sea levels at ten tide gauge ; — u
(Woodworth et al. 2009); and constraints for 350" 352" 354" 36 W& 0 2
models of crustal motion due to glacio-isostatic N TN [mm/yr]
adjustment (Bradley et al. 2009). -3 -2 -1 0 1 2 3

: Fig. 3 Map of current vertical land movements at 104 CGPS
The most recent BIGF map of current vertical stations in the UK, based on CGPS measurementkdor

land movements is Show_n in Figure 3. This map is period from 1997 to 2010 and AG measurements for th
based on a re-processing of data from 1997 tOperiod from 1995/6 to 2009

present with Bernese Software version 5.2,

connecting the BIGF network to the IGBO08 via a ) ] )

global network of reference stations, and using C11  Exa@mples of major research projects using BIGF
(CODE repro2/repro_2011) re-analysed satellite duality-assured data in 2013/14:

orbit and earth orientation parameter products; « CNES (French Space agency) - Study on
mitigation of 1st and higher order (2nd and 3rd the effects of solar activity on ECAC
order and ray bending) ionospheric effects; a-prior (European Civil Aviation Conference)
modelling of troposphere effects using VMF1G and zone.

mitigation using zenith path delay and gradient
parameters; 108.ATX models for antenna phase
centre variations; and models for Solid Earth tides
ocean tidal loading and atmospheric tidal loading.

 European Space Agency - ISSWIND -
supporting services for the wind power
industry based on space technologies.

The resultant map is generally consistent with * Geodetic Observatory Pecny, Czech
maps of relative land level changes in the UK over Republic - E-GVAP near real-time
the last ~1,000 years based on geological studies atmospheric water vapour project.
(Shennan and Horton, 2012). In addition to station e National Institute of Information and
coordinates and velocities, other derived products Communications Technology, Japan -
that can be requested from www.bigf.ac.uk include lonospheric research using total electron
near real-time tropospheric parameters (15 minute content over Europe.
estimates of zenith total delay, zenith wet delag a « Newcastle University - GNSS Wave

integrated water vapour) and re-processed Glider: A new tool for sea level and sea

state measurement.



* Newcastle University - Near-field GNSS
for real-time tsunami early warning
systems.

» Newcastle University - Towards airborne
GNSS estimation of atmospheric water

vapour.
* Royal Observatory of Belgium -
Densification of European Permanent

GNSS Network for ionospheric studies.

* University of la Rochelle, France -
International GNSS Service GPS tide
gauge benchmark monitoring.

e University of Luxembourg - The potential
of precipitable water vapour measurements
from GNSS in Luxembourg.

e University of Nevada, USA - Towards a
global ambiguity resolved precise point
solution and time series.

» University of Nottingham - Evaluation of
IMU/GNSS sensor fusion.

* University of Plymouth - Managing the
retreat: understanding the transition to salt
marsh in coastal realignment projects.

e University of Ulster - Forcing factors
impacting Oransay shoreline.

Examples of major projects using BIGF
derived products in 2013/14:

» University of Hertfordshire - Aerosol and
Clouds Consortium - cirrus climatology
from ground-based remote sensing.

* University of Nottingham - Modelling
tropospheric delay for the UK area with
estimated ZTD values from GNSS using
independent component analysis.

e University of Nottingham
deformation studies.

Land
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3 Space Geodesy Facility at
Herstmonceux

The Space Geodesy Facility is located at
Herstmonceux, UK, with funding from the Natural
Environment Research Council and the UK
Ministry of Defence. It is an observational and
analytical facility with a highly productive and
precise Satellite Laser Ranging (SLR) system, two
continuously operating IGS GNSS receivers, one of
the UK Ordnance Survey GeoNet GNSS receivers,
a permanent FG5 absolute gravimeter and one of
BGS' broadband seismometers that automatically
contributes in realtime to BGS' British Isles sdism
network. A very stable active hydrogen maser
frequency source drives the timing systems of both
the SLR and the long-running HERS
GPS/GLONASS receiver. On-site automated
meteorological and water table depth observations
augment the geodetic observations. The Facility is
an International Laser Ranging Service (ILRS)
Analysis Centre.

3.1 Satellite Laser Ranging

The system is a core ‘new technology’ ILRS
station, making daytime and night- time range
measurements to geodetic, gravity-field, altimeter
and GNSS satellites at heights of from 500 to
30,000km. The precision of the range normal points
is about 1mm, and the station is ranked among the
top ten in the ILRS global network in terms of data
productivity and close to the top on accuracy. The
two-laser (2kHz and 10Hz) system is unique in the
ILRS worldwide network. Towards the end of the
year the 2kHz laser was returned to the
manufacturer for an upgrade to provide greater
energy, and will resume operations in Spring 2014.
The original 10Hz laser remains in operation when
required for specific applications such as the
LiDAR capability, and is also being used regularly
for one-way ranging support of the NASA Lunar
Reconnaissance Orbiter. During the period
following the temporary removal of the 2kHz laser,
the 10Hz laser was used for all operations, suah th
there was little impact on overall numbers of passe
tracked.



Laser tracking of the GNSS satellites continues to few), and that these biases can be dealt with
increase in importance for the ILRS community. A successfully by including them in the observational
full constellation of GLONASS, the first four equations as additional parameters that need gplvin
Galileo vehicles and new satellites of the Chinese for. While the variance of the resulting coordirsate

COMPASS GNSS are regularly tracked by the mostis increased, the accuracy of the longer-term
capable stations in the network, including SGF. solution is arguably improved by eliminating

GGOS-level discussions with the GNSS agencies, systematic effects that corrupt the scale of the
with SGF involvement, are focusing on the value of computed frame if left untreated. Preliminary

laser tracking for orbit QC and more importantly, results of the analysis were presented at the
ultimately for linking the GNSS orbits and EGU2014 conference, and there is scope for a
navigational signals directly to the ITRF, with future full publication on this topic [4].

origin defined by SLR and scale by SLR and VLBI.

Laser ranging and analysis to the now-debris 3.1.2 Time transfer by SLR

Envisat has resulted in a laser-only solution @& th SGF team members attended a workshop in

spin axis dynamics [1]. March 2014 on the subject of laser time transfer an
) joined SLR colleagues from Austria, Germany,
3.1.1 SLR Analysis France and Switzerland in Wettzell, Germany. This
The Facility is an ILRS Analysis Centre (AC) work has gained interest from NPL and UKSA, and
and daily computes seven-day-arc, global stationit is possible but not confirmed that a dedicated
coordinates and Earth orientation solutions in fibre link may be leased for a period to bring
support of the ILRS’ contribution towards ITRF UTC(NPL) to SGF for the purpose of comparing
realisation work and rapid Earth orientation result time between European Time labs using initially
for the IERS [2]. The activities of the Analysis T2L2 on Jason-2 and ultimately the ACES system
Centre during the last year have been focusedon the ISS.
around two main issues: the preparations for the
submission of the ITRF2013 - the latest iteratibn 0 3.2 GNSS

the International Terrestrial Reference Frame - andThe two IGS stations HERS and HERT remain in
the research into systematic errors present in thegntinuous operation, with HERT, a Leica GRX
data from the global network and their potential 55 pro system, also streaming GPS and
mitigation. GLONASS navigation data into the Internet in
Several updates were carried out in the analysissupport of the EUREF-IP and IGS Real-time
software to implement the models agreed and Projects. The Ordnance Survey GeoNet system
required by the ILRS Analysis Working Group for HERO, installed by the OS close to the SOLA trig
the ITRF, such as the implementation of new pillar, continues to be fully operational and has
geopotential models and the adoption of updatedbecome useful as a fourth site for local stability
algorithms for Earth rotation through the use of monitoring work. The active hydrogen maser with
standard subroutines sanctioned by the Interndtionaits highly stable frequency source and one-second-
Astronomical Union. The tables of centre-of-mass tick pulse are driving both the HERS Septentrio
corrections developed by SGF [3] are also receiver and the SLR event timer. As a result ef th
incorporated in all ACs’ processing schemes. A few maser, the HERS data continues to be amongst the
operational updates have also been performed, withhighest weighted clocks in the IGS final clock
the objective of reducing the runtime requireddor  product.
complete multi-satellite solution. The software is
now considered ready to compute a new 30-year3.3  Site Stability
solution that will form part of the new ILRS offai The on going study into local site stability using

combined product. daily GAMIT-based solutions for HERS, HERT

Continuing previous efforts at the Analysis and HERO coordinates as well as high-precision
Centre aimed at uncovering the presence of possibleoptical levelling confirm the high degree of stiéigil
biases in the data produced by the SLR network, aof the site. Sub-mm-level seasonal changes to the
novel analysis of range biases was performed, height of the HERT tower are however present, and
encompassing all contributing stations for a 10ryea are almost certainly temperature-driven. Plans are
period. It was found that very few tracking station underway to make regular, automated
are genuinely free of at least significant sub- measurements of the tie vectors between the GNSS
centimetre biases (Herstmonceux among those



and SLR monuments, as per recommendations from Toshimichi Otsubo Proc 18th Int. Workshop on laser
GGOS. ranging, 11-15 November 2013, Fujiyoshida, Japan

[4] Assessment of the accuracy of global geodedtelkte
; laser range observations 1993-2013. Graham Appleby
34  Absolute Gravimetry . and Jose Rodriguez. Geophysical Research Abswatts
Regular weekly operations of the FG5-X 16, EGU2014-9896, 2014 EGU General Assembly 2014.

absolute gravimeter have continued since operations

began in October 2006, with the baseline 4 Newcastle University
observational programme being a 24-hour session

centred on mid-GPS week. Work continues 10 41  Global Navigation Satellite Systems
separate hydrological signals from station vertical positioning

motion, and intriguing tidal signals are also digar
present. Following discussions between BGS, SGF
and NOC Liverpool, the two FG5 absolute
gravimeters from NOC (FG5#103 & FG5#222) are
now at Herstmonceux having been delivered in
September 2013. An operational assessment on botl
instruments has been carried out, which included
options and recommendations for servicing and ; )
possible upgrade. The presence of all three AGs af2] Performed a community experiment to
SGF is seen as a major resource, and a recent shortnvestigate the detectability of offsets in synitet
term loan of one of them to NPL is seen as a GPS coordinate time series with realistic noise
precursor to potential future campaign work in Properties, using both manual and automated time
support of a variety of geophysical applications, Series analysis. Manual analysis continues to

with SGF as the UK calibration base. outperform automatic, although neither approach
can be considered robust to within 0.5 mm/yr.

[1] Demonstrated that a local ionospheric zenith
delay correction, generated from code pseudorange
measurements at a receiver, could improve single-
epoch relative position solutions obtained via an
Ig];lmbiguity search algorithm over long (60-120 km)
baselines, from 30-50 cm in the uncorrected case to
10 20 cm median absolute deviation.

3.5 VLBI

The case will continue to be made, and options 4.2 ﬁ]yt/g?ee;g?néﬁerture Radar
explored, to add VLBI to the SGF's capability. y ) _
With its existing high-quality SLR and GNSS [3] and [4] demonstrated improvements in INSAR
systems, there is growing interest among the deformation monitoring using tropospheric delay
international geodetic community to see the station @nd geoid models respectively.
become a core GGOS site. ) ) ) _
4.3 National and international geodetic
References networks
[1] Attitude and spin period of space debris Envisa Newcastle University has continued to contribute
measured by Satellite Laser Ranging. Daniel Kudhar  to the International GNSS Service as an Associate
Georg Kirchner, Franz Koidl, Cunbo Fan, Randall Ana|ysis Centre, providing Week|y g|oba|
Carman, Christopher Moore, Andriy Dmytrotsa, Martin - cqordinate combinations in parallel with the offici

Ploner, Giuseppe Bianco, Mikhailo Medvedskij, Andri S .
Makeyev, Graham Appleby, Michihiro Suzuki, Jean- IGS product. [5] used combination solutions from

Marie Torre, Zhang Zhongping, Ludwig Grunwaldt, Qu th.e first IGS reprocessing .ex_perime.nt, i'f‘ tandem
Feng. Accepted, IEEE Geosciences, 2014. with forward models of glacial isostatic adjustment
to derive secular trends in surface mass loading an

[2] Using non-tidal atmospheric loading model inase Euler poles for the major tectonic plates. Slnce
geodetic data processing: Preliminary results efl[ERS week 1769 (December 2013), operational
analysis campaign. Xavier Collilieux, Zuheir Altami, combination of individual Analysis Centre solutions
Laurent Métivier, Tonie van Dam, Graham Appleby, is performed and submitted on a daily basis,
Yoh_annes Boehm, _Rolf Dach, Math!as Fritsche, Ramesh followed by a 7-day combination.

Govind, Rolf Koenig, Hana Krasna, Magda Kuzmicz- ) )

Cieslak, Sébastien Lambert, Frank G. Lemoine, @nzi We continue to operate IGS site ‘'MORP’ (Morpeth)
Luceri, Dan MacMillan, Maria Mareyen, Erricos Payli ~ and TIGA site ‘NSLG’ (North Shields Tide Gauge),
and Daniela Thaller. Geophysical Research Abstracts poth of which contribute to the NERC BIGF.

Vol. 15, EGU2013-4178, 2013 EGU General Assembly

2013

[3] Centre-of-mass values for precise analysis AGEOS,
Etalon and Ajisai 1980-2013 Graham M Appleby and
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5 University College London

5.1 Height Corrector Surfaces

New height corrector surfaces to enable
conversion between ellipsoidal and orthometric
heights for the UK and the Republic of Ireland have
now been finalised. The work was undertaken by
Prof Marek Ziebart from University College
London in consultation with Ordnance Survey
(UK), OSI (Ordnance Survey Ireland) and the LPS
(Land and Property Services, Northern Ireland).
The principal driver for the updated model was the
availability of the new UK gravity field model,
OSGM10. Details of analysis and testing of the new
model are in Ziebart et al, 2008.
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