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SUMMARY

A geodetic infrastructure has traditionally coreisof physical (passive) geodetic marks in
the ground and associated data, including cooresnand datum. Over the past two decades,
there has been a move away from providing passwdejic marks to providing active

control networks via Continuously Operating GNS3dRence Station (CORS) networks.
Many countries are discouraging the ongoing maarea and development of passive
control networks in favor of developing CORS. ttieely deforming countries such as New
Zealand there is a strong driver to maintain aigasontrol network to supplement a national
CORS network such as PositioNZ. This paper consigdether active control networks
(CORS) can completely replace passive control nedsvfiraditional marks in the ground).
The paper considers use of active and passive ngvialowing several recent large
earthquakes in New Zealand.
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Should Active Control Networks Replace Passive Cordl Networks?

Graeme BLICK and Nic DONNELLY, New Zealand

1. INTRODUCTION

The backbone of any modern geodetic reference famfieed by a national geodetic agency
is a network of Continuously Operating Referencai®is (CORS). These stations are
permanently occupied by Global Navigation Sateflijstem (GNSS) equipment and the data
is processed so that the national geodetic ageartynonitor the datum for deformation.
Coordinates can be calculated at almost any deegdency and regular coordinate updates
may be published to reflect changes due to defoomat

Users of the geodetic system are usually abledesacthe data to generate centimetre-level
positions wherever and whenever they are needesl.nTdy be via post-processing, or in
real-time where there is appropriate communicatengpment at the CORS. This is referred
to as active control, since the GNSS equipmenbrigicuously collecting observations at the
mark and making it available to users.

Prior to the widespread installation of CORS inltte 1990s, a nation’s geodetic reference
frame was based on hierarchical networks of markke ground. These marks are occupied
on a temporary basis, either with GNSS or theoel®lDM equipment. Measurements are
made over timespans ranging from minutes to dagisiaad to calculate a coordinate at the
time of occupation.

Users normally access the geodetic system thrdugmétwork of marks by setting up their
equipment on or over the mark and making measurememarks they have installed, on
which they wish to calculate coordinates. Thisefemed to as passive control, since most of
the time no observations are being collected afrte.

Like many other countries, New Zealand’s officiatuim, New Zealand Geodetic Datum
2000 (NZGD2000) (Blick et al. 2003) contains bottivze and passive control. When the
datum was realized in the late 1990s, CORS netwweks still in their infancy. While there
were several CORS in New Zealand at the time,rtteg-station spacing was of the order of
1000km, so densification with passive control weseatial.

Each year Land Information New Zealand (LINZ), §wernment agency responsible for
managing New Zealand’s geodetic system, contimuegpend significant resources
surveying and re-surveying passive control markspde the presence today of a reasonably
dense CORS network.

This paper explains the roles that active and passintrol play in New Zealand’s geodetic
system, focusing on why LINZ continues to see passontrol as vital to meeting its
obligations to users of the geodetic system. Aidetzase study using the 2010 and 2011
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Canterbury earthquakes is presented, highlightiegdle of passive control. Finally some
considerations for the future are discussed, tp &eswer the question: Should active control
networks replace passive control networks?

2. ACTIVE CONTROL IN NEW ZEALAND

New Zealand’s official datum, NZGD2000, was develdm the late 1990s, just prior to the
widespread uptake of CORS technology. Nevertheless;ountry has a dense network of
publically-owned CORS with freely accessible ddatli in real-time and as RINEX files).
There are also numerous privately-run CORS, someéhath provide data for a fee.

2.1 Advantages of Active Control

CORS as active control have a number of advantaggstraditional passive control, which
has seen them widely adopted as countries modeh@gegeodetic infrastructure. Some of
the advantages that have been realised in New itbale:

- Continuous monitoring of deformation (importantitectonically active region such
as New Zealand)

- Ability to separate modes of deformation, suchiasrjuishing long-term
deformation from seasonal effects

- Ability to calculate updated coordinates almost iediately in the event of an
earthquake or other deformation event

- Contribution in near real-time to hazard monitorisgch as in New Zealand'’s tectonic
shear belt and Taupo Volcanic Zone

- Contribution to international reference frame reation, which increases the accuracy
of positioning in New Zealand

- Unlikely to be accidentally destroyed

- GNSS users need only one receiver to obtain ametrg-accurate position, anywhere
in the country (although long occupations and tuanation model will be required
in many places)

- Relatively easy to connect to for non-surveyorst{palarly for real-time positioning),
as there is no need to locate the mark and praediable

2.2 Active Marks in Survey Control Networks

Different survey control networks have been defimeNew Zealand to cover the range of
uses of the geodetic system. There are eight nkswithree of which are comprised
substantially of active control. Any mark purpogito be a survey control mark must be
contained in at least one of these networks. Aefudescription of these networks, including
details of their implementation is contained in Delly and Amos (2010) and the relevant
geodetic standards (LINZ 2009a, 2009b, 2009c).
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Network Purpose Local Accuracy | Use of Active | Reason for Active
(m + m/m) Control Control
National Connect official | Hz: Mandatory for | Provides
Reference three-dimensional 0.003 + 3 x 1§ | three- continuous, long-
Frame (NRF)| and vertical dimensional term data required
datums to Vit marks for incorporation
international 0.003 + 3 x 1§ into realisations of
reference frames international
reference frames
National Enable deep- Hz: Mandatory Continuously
Deformation | seated, ongoing | 0.003 + 1 x 10 monitors
Monitoring | tectonic deformation, so
Network deformation at a | Vt: that seasonal
(NDMN) national level to | 0.003 + 3 x 10 movements can be
be measured and separated from
incorporated into long-term
deformation deformation
models
Regional Provide a denser| Hz: Preferred. Will | Accurate
Deformation | picture of 0.003 +1 x 1§ | eventually be | deformation
Monitoring deformation mostly active | modelling. AlImost
Network across the Vit control through| immediate
(RDMN) country, including| 0.010 + 3 x 1§ | the shear belt of indication of
monitoring of New Zealan8 | coseismic
large discrete displacements.
events such as Also provides
earthquakes quick access to the
geodetic system
after an earthquake

Table 1: Survey Control Networks utilising activentrol marks
2.3 CORS Networks
There are two active control CORS networks fromohtdata is freely available to the spatial

community; PositioNZ and GeoNet. There are alsaraber of smaller networks, set up for
private use mostly by commercial companies.

2.3.1 PositioNZ

! A deformation models is part of the definitionNZGD2000, and is used to generate coordinatesefeeence
epoch from observations made at different times
% As the GNS Science GeoNet CORS network is extetiitedgh New Zealand’s South Island
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Operated by GNS Science on behalf of LINZ, thiswoek contains 35 stations on the North
and South Islands, 2 on the Chatham Islands andABtarctica. It forms the basis of the
geodetic datum with station spacing in New Zealaihabout 100km and enables deformation
modelling at the national level. The network is sidered complete in terms of the number of
stations. Data is freely available both in realdiamnd for post-processing.

2.3.2 GeoNet

Run by GNS Science, as at March 2012 GeoNet cani#l@ stations, mostly in the central
and eastern parts of the North Island with a stagmacing of about 40km. The network is
currently expanding into the South Island. Its m@inpose is to support earthquake hazard
monitoring, but it is also used to densify New Zeal's deformation model. Data is freely
available for post-processing.

GNS Science also makes data available from 14 @RS, often operated in conjunction
with the University of Otago in support of specifipplications, such as tide gauge
monitoring.

2.3.3 Private Use

There are a number of privately-owned CORS, maelgr urban areas. Many of these are
operated by commercial companies who sell the data.
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Figure 1: PositioNZ (yellow) and GeoNet (black) COR New Zealand

3. PASSIVE CONTROL IN NEW ZEALAND

Passive control comprises over 99% of the marlkéew Zealand’s geodetic survey control

system, and numbers are increasing by approxim2@£9 marks per year.
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3.1 Advantages of Passive Control

Some advantages of passive control marks for Nealaedd are:

- Numerous marks already exist, some with a longphystf geodetic data collection
- Often directly connected to important national dats, such as the cadastre

- Cheap to install

- Few or no ongoing costs
- Can have structures placed over them for imagedyo#tmer control purposes
- Suitable for occupation by non-GNSS techniques

3.2 Passive Marks in Survey Control Networks

Five of the eight survey control networks are casgat primarily of passive marks.

Network Purpose Local Accuracy | Use of Passive| Reason for
(m + m/m) Control Passive Control

Local Monitor Hz: Some CORS, | Active control
Deformation | deformation in 0.010 + 1 x 18 | but mostly would be ideal, bu
Monitoring urban areas, passive control| cost is the driving
Network where positioning| Vt: to obtain the factor
(LDMN) accuracy 0.010 + 5 x 18 | required

demands are density

greatest and

where significant

deformation is

expected
Cadastral Ensures that Hz: Completely Connections to the
Horizontal cadastral surveys| 0.010 + 5 x 10 | passive cadastre
Network are connected to
(CHN) the official Vit

geodetic datum, | NA

which supports

centimetre-level

cadastral mapping
Cadastral Ensures that Hz: Completely Connections to the
Vertical cadastral surveys| NA passive cadastre
Network with a vertical
(CVN) component are | Vt:

connected to the | 0.020 + 1 x 17

official vertical
datum
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Basic Provides Hz: Completely Large structures,
Geospatial positioning 0.010 + 5x 10 | passive visible from
Network infrastructure in above, can be
(BGN) regions not servedVt: placed over the
by other networkg 0.020 + 1 x 14 marks to provide
and for remote control for
sensing imagery
applications
(primarily
satellite and aeria|
imagery)
National Provides precise | Hz: Completely GNSS cannot
Height normal- NA passive provide the norma
Network orthometric orthometric
(NHN) heights Vit heights with the
0.010 + 3x 16 required accuracy

Table 2: Survey Control Networks utilising passbestrol marks
3.3 Terrestrial Geodetic Networks

Terrestrial Geodetic Networks (TGNSs) are not folgnphrt of the geodetic survey control
system, but are a common means for surveyors toeobno the datum. A TGN is a network
comprised of observations made by precise contwetsing. They are connected to
NZGD2000 through the Cadastral Horizontal Netwaiking them accurate coordinates in
terms of the official datum. Adjacent TGN marks aseially intervisible, so they provide an
efficient means of connecting and orienting a syimeerms of NZGD2000 when using
terrestrial equipment, for example cadastral stsvey

4. THE IMPORTANCE OF PASSIVE CONTROL

At a time when many countries are stopping or $icamtly reducing their passive survey
control programmes, New Zealand has increasedutmers of marks surveyed in recent
years. This is primarily to support the accuratsifaning of the digital representation of the
cadastre, but also reflects the desire of the suzeenmunity for passive control marks near
to any survey job they might undertake.

4.1 Datum Access

Currently we remain in a transition period with aedjto user uptake of GNSS for
positioning. Many surveyors, particularly those lmg for small firms, do not have ready
access to GNSS. In other cases, environmentalrfagtake GNSS inefficient or impossible
to use. This is particularly common in urban enviments where there are substantial sky
obstructions and high-multipath environments. Rassontrol provides efficient access to the
datum in these circumstances.
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A government agency should promote the benefitgodated technology, such as active
control. However it needs to have very sound rembefiore mandating the purchase of
expensive technology, which would effectively be tase if only active control were
provided. Within 5-10 years the vast majority orsswill have easy access to GNSS
equipment. At this time, for efficiency reasonaniy be desirable to stop actively extending
and replacing passive control networks.

4.2 Detailed Deformation Modelling

In areas of significant deformation, typical CORShsity is insufficient to monitor the finer
details of this deformation. It is not economicallgble to install large numbers of CORS
over a small area, so GNSS campaigns using passikks provide the level of infill
required.

4.3 Localised Transformations in Deforming Regions

Most surveys, eg cadastral surveys, take placeasarall area, where relative deformation is
negligible, even in a geophysically-active coursugh as New Zealand. However, the use of
active control often means connecting to CORSahamany tens of kilometres distant. Over
these distances, relative deformation is oftenisagmt. While the deformation model can be
used for post-processed data, it requires the fusgeaialist software. It is currently not
possible to use the deformation model in real-time.

The solution to this problem is for the user toveyrthree or more passive control marks and
compute a local transformation in the GNSS softwarering their survey in terms of the
passive control. The transformation removes argcesffrom relative deformation between
the CORS and survey area.

In this case, the passive control is enabling geaf active control to carry out an efficient
survey.

4.4 Realising the Survey-Accurate Digital Cadastre

For around 70% of the land parcels in New Zealaedrings and distances have been
captured from survey plans and tied to survey cbmiiarks. The coordinates generated have
local accuracy of a few centimetres and networkigsaxy of better than 0.2m in urban areas.
This is referred to as the Survey-Accurate Digitatlastre (SDC).

LINZ is gradually extending the SDC, as new survggslodged and through direct capture
of data from hard-copy plans. The SDC requiresrse@etwork of survey control marks,
with connections to the cadastre. To ensure thieedeaccuracy is achieved, in urban areas
almost every point should be within 200m of a syreentrol mark. In rural areas, this can be
relaxed up to 2000m, depending on factors suclaaepsize.
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4.5 Control for Imagery

Control for aerial and satellite imagery requites tise of structures or markings that will be
clearly visible in the image. It would be possitdebuild structures around a CORS station to
suit this purpose, but this is an expensive optioMNew Zealand, there are large numbers of
four-metre beacons over geodetic marks. Thesesae oy surveyors for orientation
purposes, but are also visible in most imageryhisway, existing passive control marks and
associated structures supports the rectificatianadern imagery at negligible cost to the
user.

5. A CASE STUDY: PASSIVE CONTROL FOR EARTHQUAKE RECOVE RY

Passive control is playing an important role intheovery of the geodetic system in the
Canterbury region of New Zealand.

5.1 The Canterbury Earthquakes

In 2010 and 2011, the Canterbury region of New a&wdis South Island experienced a
prolonged earthquake sequence including four eaatkes of magnitude 6.0 or greater
(Beavan et al. 2010). Three of these were ceniareldse proximity to Christchurch, the
South Island’s main city. Each caused significasitugtion to the geodetic control system,
necessitating surveys to re-establish an accupatésinfrastructure.

5.2 Control for Infrastructure Repair Surveys

One of the most immediate concerns after eachaaake was the need to repair damaged
infrastructure, such as sewer systems. Initialeggwvere carried out by local councils, with a
focus on providing updated heights on key marksadhe city of Christchurch (Donnelly et
al. 2011). These surveys used GNSS and a geoidlteoderive normal-orthometric heights.
A mix of new and existing marks was surveyed. Whassive marks were surveyed, active
control was provided by CORS in the city.

5.3 Deformation Mapping

Control surveys carried out by LINZ and the Chhstcch City Council enabled maps of the
deformation to be produced. These maps and thergaooying coordinate changes were used
by surveyors and engineers to carry out more @etahalysis of movements in local areas.
These maps also provided the most detailed citywidications of block shifts.

It was the presence of a dense network of passinteat marks, with accurate pre-earthquake
coordinates, that enabled these maps to be produced
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5.4 Support for Cadastral Boundary Re-establishment

The Surveyor-General has published rules and goa&eto assist cadastral surveyors re-
establishing cadastral boundaries affected by dnihguakes. The surveyor is required to
assess the nature of the deformation affectingtbperty subject to survey and the
immediate surrounds, as this will impact on whéeelioundaries are located. For example,
they need to determine how much movement is degfgddlock-shift, in which case
boundaries move with the block-shift, and how migctiue to shallow surface effects such as
liquefaction, in which case the boundaries remaitheir “original” position (as if there had
been no shallow surface deformation).

To help ensure that there is sufficient evidencenable these decisions to be made correctly
and efficiently, LINZ is in the process of surveyimarks to re-establish the Cadastral
Horizontal and Vertical Networks. Along with thedgied coordinates, LINZ will use the
deformation model to provide details of how muchh& movement at the mark is due to
block-shift and how much is due to localized susfatfects.

While it would be possible for a surveyor to ugliactive control and the deformation model
directly to determine this information, the usedeformation models is not incorporated into
standard cadastral software. It is much easietHdZ to provide the required information on
passive control marks that the surveyor can treemto their survey.

5.5 Precise Heighting

The Canterbury region, including Christchurch, Y@y flat topography. The feedback from
local councils was that the combination of GNSS amggoid model was not going to provide
sufficient accuracy for the long-term precise hémghneeds in the region. Therefore, LINZ
commenced a programme of precise levelling alongtiag benchmark runs, installing new
marks as required to ensure an even distributionarks.

Active control networks and geoid models in NewIZed are not yet able to provide the
level of normal-orthometric heighting required.

6. THE FUTURE OF PASSIVE CONTROL

Despite its current value, the role of passive mh the geodetic system may decrease
substantially in the future.

6.1 New Technologies

New technology will impact on the feasibility of mog to a system based solely on active
control. For example, INSAR can currently only Isedito estimate deformation in the
direction of line-of-sight of the satellite. If fute if constellations of INSAR satellites were to
enable three-dimensional estimates of deformatiwm this could remove the need to survey
dense networks of passive marks for deformationitoiong. Using photogrammetric
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methods or LIDAR may also enable the detailed nrappf displacements due to
deformation events.

Of more immediate potential benefit is the projdaterease in the number of positioning
satellites over the next decade. As systems su@akieo and Compass become operational,
GNSS positioning in areas of high multipath and By visibility will become more feasible,
reducing the need for passive marks to supporgeral survey techniques.

6.2 New Zealand’s Changing Focus

The LINZ program of actively extending passive cohinto rural areas, and limited renewal
in urban areas, will be completed in the next fe@arg. By then, almost every point in an
urban area will be within 200m of a passive contnark. In rural areas (excluding very
remote, wilderness areas), almost every pointlveillvithin 2000m of a passive control mark.

The steady increase in the use of GNSS for cadgstm Figure 2) and other surveys is
leading to reduced demand for intervisible and bead marks.

GNSS Use in Rural Cadastral Surveys
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Figure 2: Percentage of rural cadastral surveysechout using GNSS in New Zealand

A much-reduced passive control programme will fooagegular GNSS campaigns to
monitor key passive control marks for deformatimnsupplement the data from an increasing
number of CORS. While other passive marks will renaavailable for use, very few of these
will be actively maintained, except as require@mngure the mark and associated structures
remain safe.
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This changing focus will enable greater resourodgetinvested in making active control
more usable for the spatial community. For examgudeurate and extensive gravity data is
required to develop a geoid model to enable aceuratmal-orthometric heighting using
active control.

7. CONCLUSION

For a geodetic datum to be useful, it needs tcalsdyeaccessible to its users. Active control
provides an efficient means of connecting to thelamental reference stations in the datum,
and its use will continue to increase substantidlsymore datum users become GNSS-
enabled, datum managers such as LINZ will diventemesources to support these customers
using active control.

Active control alone will only provide accurate gaming over long distances where:

1) Relative deformation between the CORS and userS&Mquipment is negligible;
or
2) A deformation model is used when calculating thgitpm

Neither of these situations is generally applicablew Zealand, so augmentation with
passive control is currently the most practical nseaf obtaining accurate coordinates.

Given New Zealand’s active tectonic setting, cormuutieformation models of sufficient
accuracy to support active control will requireeaser network of marks than is feasible
using CORS. Repeat GNSS campaigns on a relatieglgednetwork of marks will provide
the necessary detalil.

So to answer the question posited in this paperalive control networks should not
replace passive control networks at the momentntedly this may be feasible, but in a
country like New Zealand, this is likely to be ddes, rather than years, in the future.

REFERENCES

Beavan, J, Samsonov, S, Motagh, M, Wallace, LsE®i and Palmer, N, 2010, The Darfield
(Canterbury) Earthquake: Geodetic Observations Bneliminary Source ModelNew
Zealand Society for Earthquake Engineering Bulletin, Vol 43, No 4, December 2010, pp 228-
235.

Blick, G., C. Crook, D. Grant and J Beavan (2008nplementation of a Semi-Dynamic
Datum for New ZealandInternational Association of Geod Sémpos a, A Window on the
Future, Supporo Japan. Published by Springer, vol 128. 38-4

Donnelly, N and Amos M, 2010mplementation of a New Survey Control Standard for New

TSO05B - GNSS CORS Infrastructure and Applicatiqriso6 13/15
Graeme Blick and Nic Donnelly
Should Active Control Networks Replace Passive @ibmetworks?

FIG Working Week 2012
Knowing to manage the territory, protect the enviment, evaluate the cultural heritage
Rome, Italy, 6-10 May 2012



Zealand, in Proceedings of XXIV FIG Congress, April 11-B3/dney, Australia. Available
at: http://www.fig.net/srl/

Donnelly, N, Ritchie, J, and Amos, M, 201Re-establishment of the New Zealand Survey
Control System following the 2010 Darfield (Canterbury) Earthquake, in Proceedings of FIG
Working Week, May 18-22, Marrakech, Morocco. Avblaat:http://www.fig.net/srl/

LINZ, 2009a, Standard for the New Zealand surveyrod system, LINZS25003, Land
Information New Zealand, Wellington, Available at:
http://www.linz.govt.nz/geodetic/standards-publicas/standards/index.aspx

LINZ, 2009b, Standard for tiers, classes, and ardéLINZ data, LINZS25006, Land
Information New Zealand, Wellington, Available at:
http://www.linz.govt.nz/geodetic/standards-publicas/standards/index.aspx

LINZ, 2009c, Guideline for the provision and mamtace of the New Zealand survey control
system, LINZG25704, Land Information New ZealanclINdgton, Available at:
http://www.linz.govt.nz/geodetic/standards-publicas/standards/index.aspx

BIOGRAPHICAL NOTES

Graeme Blick After graduating from Otago University in 1980,a8me worked as a scientist
for the Institute of Geological and Nuclear Scienasing geodetic techniques to study plate
tectonics and crustal deformation. After joininghdanformation New Zealand in 1995 he
worked for the Office of the Surveyor-General a®@sic Survey Advisor and worked on
projects such as the development of a new geodation and map projection for New
Zealand. He is currently the Chief Geodesist ferNational Geodetic Office, as well as
Manager of the National Topographic Office.

Nic Donnelly Nic is a Geodetic Surveyor within the National @Getic Office at LINZ. His
interests and responsibilities include geodetiastdjents, maintenance and enhancement of
the geodetic cadastre and geodetic data transfedatds. He is currently involved in the
recovery of the geodetic system from the Canterlearthquakes of 2010 and 2011.

TSO05B - GNSS CORS Infrastructure and Applicatiqriso6 14/15
Graeme Blick and Nic Donnelly
Should Active Control Networks Replace Passive @ibmetworks?

FIG Working Week 2012
Knowing to manage the territory, protect the enviment, evaluate the cultural heritage
Rome, Italy, 6-10 May 2012



CONTACTS

Mr Graeme Blick

Chief Geodesist

Land Information New Zealand
PO Box 5501

Wellington 6145

NEW ZEALAND

Tel. +64 4 498 3833

Fax +64 4 498 3837

Email: gblick@linz.govt.nz
Web site: www.linz.govt.nz

Mr Nic Donnelly

Geodetic Surveyor

Land Information New Zealand
PO Box 5501

Wellington 6145

NEW ZEALAND

Tel. +64 4 460 0191

Fax +64 4 498 3837

Email: ndonnelly@linz.govt.nz
Web site: www.linz.govt.nz

TSO05B - GNSS CORS Infrastructure and Applicatiqrs606

Graeme Blick and Nic Donnelly

Should Active Control Networks Replace Passive @ibmetworks?

FIG Working Week 2012

Knowing to manage the territory, protect the enviment, evaluate the cultural heritage

Rome, Italy, 6-10 May 2012

15/15



