Toitu te IRV,
Land whenua 5885 &%
A

Specifications for
Geodetic Control
Survey

Version 2.4
Customer Services

28 October 2009



Specifications for Geodetic Control Survey

Contents

Related Standards, SPeCIfiICAtIONS..........cccerreririiieiiieriee e e 4
1 INEFOAUCTION. ... s e 5
1.1 Scope of this SPeCIfiCatioN..............coeieeiiiiiiiiiiiiiii e 5

2 General REQUITEIMENTS........coiuiiiiie i ceemee ettt st 6
2.1 Site ACCESS ANd SAFELY ....uvuiiiiii e ————— 6
2.2 Notification of Work being Undertaken ... 6
3 Marks to be used for NZGD2000 CONLrO......ccceeevirieeiieeiieniesieeieesiee e 7.
3.1 Choosing Marks for Survey Control..........ccceeiiiiiiiiiiiiiiie e 71..
3.1.1 ComPpuUISOry AttHDULES ......ccooeeiii e 7
3.1.2 Desirable AtribULES ... e 7.
3.1.3 Choosing Marks in a Development Area......cccecvvveveeivvivvnniiinnneenn. 8
3.1.3.1 Choosing Mark deNSity...........ooisceeeceeeeiiiiiiieie e 8.
3.1.4 Choosing Marks in a Re-establishment Area..............ccccceeeiiiens 9
3.14.1 Choosing Mark deNSity...........ooosceeeceeeeiiiiiiicie e 9.
3.2 Use Of EXISHNG MAIKS .....oiiiiiiieieies ettt en e e e 9
3.3 USE Of NEW MAIKS ...ttt e e 10

4 Geodetic Codes and Mark Naming .........c.cecceeeereeeenieenieesneee e seee e s s 11
4.1  GeOUELC COUEBS ....oeiiiiiiiieeeee et eeeeee e e e e e 11
4.2 Names for EXiSting Marks ... 11
4.3 Names for New Order 2000 Marks..........coeeeeeiiiiieeiiiiiieee 11
5 SUINVEY REQUITEMENTS .....ueeiiiiieiiie s veemmmee et siee sttt st e 12
5.1 Method Of SUIVEY.......cooiiiiiiieceeeem e 12
5.2 Network Configuration and CONNECLIONS ... ceevvrrrnnnniinneeee e eeeeeeeeeeeeens 12
5.21 Connection to Local Higher Order Control..............ccoevvvvvivvnnnnnnn. 12
L and Infor mation New Zesland 28 Octaber 2009

© Crown Copyright GSY-S15-03-06/275



Specifications for Geodetic Control Survey

5.3  Field Notes and Raw GNSS Data .......... o eerrrnmmmiiiiiiiiieeaeeeaeeaaeannnnnns 12
5.4 SUINVEY ACCUIACY ..veueeiieitie e e e e eeeiaaeaaeeatia e e e e eeest s e e e eeeesn e e e aeeessnaaaeaaas 12
541 Mark Reliability Checks ...........oooiiiiiiiiiii e 13
5.5 Site PhotOgraphs ... e 14
5.6 Mark and Sit€ DetailS..........coovviiiiiiiiiiniii e 14
6 Contract Deliverables.................oov e e LD

Appendix 1: Geodetic GOOd SUNVEY PracCtiCe . cee-.veeivereiieeiieeiiieeiee e im0 10

Appendix 2: ASSeSSING Data ACCUIACY .......cocceemeeeerieeeriieesiieeeseeeseessses s o seseesns LT

A [ 01 (o To 11 Tox T o ISP 17
1.1 ADSOIUte COONdINALES........cceeeeeiet ot e e e e e e e e et e eeeeeeeeb e nnnnnseennnnes 17
1.2 REIAVE ACCUIACY ....evvruniiiiiieie ettt e e e e e e n e e e eeaaeaeeees 18

2 Guidelines to Check for Compliance with th8sandards..............cccoevvvveeiiinnnns 20
2.1 ACCUIACY TESES ..ttt ee et e e e e e e e e et e e e e e e e e e e e e e e e eennnnns 21
2.2 Observation ACCUIACY TSt ......ccoii ittt e e eee b nnnaneeees 21
2.3 Relative Coordinate ACCUIaCy TeSt ... 22
2.4 Absolute Coordinate ACCUIaCy TeSt ..o 23
Land Information New Zealand 28 October 2009

© Crown Copyright GSY-S15-03-06/275



Specifications for Geodetic Control Survey

Foreword

Section 3(c) of the Cadastral Survey Act 2002 defines a purpose of the Act to:

provide for a national geodetic system and a maticurvey control system to be
maintained.

These specifications form part of a set of spediitns developed by Customer
Services Geodetic, Land Information New Zealandcaatribute to achieving this
purpose. They relate to the provision of geodebatrol survey to support the
geodetic programme as required by the Cadastrakgurct 2002 sec 7(1)(a) and (b)

This specification is a major revision of the pms Geodetic Control Survey
specification, version 1.3 published in Novembed&0

Related Standards, Specifications

» Standard for tiers, classes and orders of LINZ ddtiNZS25006 (21
September 2009)

» Standard for the New Zealand survey control systdrtiNZS25003 (21
September 2009)

* Guideline for the provision and maintenance ofNlesv Zealand survey
control system — LINZG25704 (21 September 2009)

» Specifications for Geodetic Physical Network Vensib4: Customer Services
2009

» Specifications for Geodetic Contract Deliverablegsion 1.3: Customer
Services 2009

» Surveyor-General’'s Rules for Cadastral Survey 2002/

Version 2.0 | Released 31 July 2007

Version 2.1 | Section 1 “Introduction” simplified to remove redeices to separate
geodetic networks.

Version 2.2 | Appendix 1. New bullet point added re relativeuaecy to nearby
control

Appendix 2. Section 2, version of SNAP updatedbl& A6:
Horizontal and vertical absolute accuracies quelifi

Version 2.3 | Section 3. Re-written to provide guidelines for asiog marks in
development and re-establishment areas.

Section 5.2. Amended requirements for connectiomeighbouring
marks of the same order as the survey.

Customer Services Version 2.4
Land Information New Zealand 28 October 2009
© Crown Copyright GSY-S15-03-06/275
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Sections 5.5 and 5.6. Additional sections outliniegv requirements
for providing photos and mark and site details.

Appendix 2. Section 2, version of SNAP updated.

Version 2.4

Section 3. Re-written to reflect requirementsStdndard for the New
Zealand survey control system — LINZS25808Guideline for the
provision and maintenance of the New Zealand sureeyrol system
— LINZG25704

Section 5.2.1. New section to outline requiremémt€onnection to
‘local’ higher order control

Section 5.3. Additional requirement to retain ralN&s observations
for a period of 2 years

Section 5.4. Updated Table 2 for consistency withrtewStandard
for tiers, classes and orders of LINZ data — LINZE®6

Section 5.4.1. Removed requirement to includeast|® marks in a
reliability check where GNSS is used, as long gsaaientation
difference in Old Cadastral can be determined (e/lagplicable)

Appendix 1. Removed reference to these being ‘duiele. They are
to be treated as specifications.

Appendix 2. Removed reference to these being ‘duiele. They are
to be treated as specifications.

Appendix 2. Section 1.2, updated Tables Al, A2 Aa&dor
consistency with the ne@tandard for tiers, classes and orders of
LINZ data — LINZS25006

Appendix 2. Section 2, updated version of SNAP. &ipd

observation weighting requirements to increasabigty. Updated
Table A4 for consistency with the né&standard for tiers, classes and
orders of LINZ data — LINZS25006

Appendix 2. Section 2.3, updated Table A6 for cstesicy with the
new Standard for tiers, classes and orders of LINZ data
LINZS25006

Customer Services

Version 2.4

Land Information New Zealand 28 October 2009
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SPECIFICATIONS FOR GEODETIC CONTROL SURVEY

1 Introduction
1.1 Scope of this Specification

This specification covers the survey requiremeatstlie provision of New Zealand
Geodetic Datum 2000 (NZGD2000) geodetic control.he Tmaintenance of the
physical network is covered in the Specificatioms@eodetic Physical Network.

Customer Services Version 2.4
Land Information New Zealand 28 October 2009
© Crown Copyright GSY-S15-03-06/275
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2 General Requirements
2.1  Site Access and Safety

Permission to enter private land should be obtafred the landowner/occupier prior
to any access to the site for carrying out consunivey work. Details of the land
owner/occupier may be available from the GeodeticataDase (see
http://www.linz.govt.nz/geodetic/geodetic-databas®gx.aspx).

Contractors must be fully aware of, and at all 8ne&ercise their responsibilities and
obligations under, the Health and Safety in EmplegtrAct 1992.

2.2 Notification of Work being Undertaken

Customer Services Geodetic shall be notified ofvaaxk that is likely to affect users
of the site, mark and/or beacon during the courfs¢he survey, such as beacon
removal for a period (greater than several houtslensurveys are carried out.

Note: If a beacon is removed from a mark it shoboddlaid on its side to avoid
possible confusion if observed to while out of {iasi

Customer Services Version 2.4
Land Information New Zealand 28 October 2009
© Crown Copyright GSY-S15-03-06/275
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3 Marks to be used for NZGD2000 Control

Customer Services Geodetic will identify specifianks or general mark locations
required for geodetic control survey and these Wwél supplied separate to these
specifications.

Where practical any marks should be selected satlthiey provide visibility to other
NZGD2000 geodetic control marks to enable theirfaseonventional surveys.

3.1 Choosing Marks for Survey Control

This section contains information about factordake into account when choosing
marks to survey for geodetic control. SelectedsageeSelected marks may be defined
by LINZ as being part of a:

a) Development Area — Areas with geodetic controlratrsufficient density
for current or future land development requirements

b) Re-establishment Area — Areas with low order (5alawver) geodetic
control which requires resurvey, or reestablishmehimarks in
more suitable locations. Note that 5a marks ateettreated as low
order marks and should be considered for re-suntegre they are
appropriately located.

311 Compulsory Attributes
Any mark selected for upgrading t8 ®rder NZGD2000 standards must:

= Be positioned to enable survey observations toabelysand easily collected.
Marks in live traffic lanes are not appropriateeewn low-volume roads.

= Be constructed and located such that they can mahgobe expected to survive
and remain useable for at least 50 years

» Have a defined reference point for both horizoatad vertical observations (eg
dimple, nail, pin, small diameter tube). A marlcansidered clearly defined if it
is possible to plumb and measure a height withpga®bility not exceeding
sSmm

= Be stable. A mark is considered stable if, in tlwairse of normal survey
activities, it cannot be moved by more that 5mm

3.1.2  Desirable Attributes

Any mark selected for upgrading td" 8order NZGD2000 standards must, where
practical:

Customer Services Version 2.4
Land Information New Zealand 28 October 2009
© Crown Copyright GSY-S15-03-06/275
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= Be |ocated to enable the efficient collection of &Nobservations from it

= Be located to enable the collection of conventiaakey observations both to
and from adjacent control marks

= Be at or above ground level. Where marks are buhieg should be identifiable
with a metal detector and accessible without umneasly damaging the surface
of the ground around it

= Be clearly physically identifiable as a geodetiakn@g mushroom plaque, id
plaque or cast iron cover). The main purpose afhguirement is to reduce the
chance of the mark being accidentally destroyed.

3.1.3  Choosing Marks in a Development Area

Often there are a large number of marks which tla@eompulsory attributes of
Section 3.1.1 and many of the desirable attribot&ection 3.1.2. The following is a
list of marks considered suitable for upgrading@rder NZGD2000 standards, in
order of preference:

a) High order (1st, 2nd, 3rd) NZGD49 trigs with easgess/good visibility
(good for calculating transformation parameter#tirgg NZGD2000
bearing origins).

b) Bench marks and traverse marks on SO plans, Withréer NZGD2000
coordinates (LINZ can capture the plans for fur2Order upgrades).

c) Marks from which NZGD2000 trigs can be seen (helftk obtaining an
NZGD2000 bearing origin).

d) Marks already in Landonline (assists future cadhsipgrades since
marks are already connected to the cadastre indrdine).

e) Any other witness or traverse mark shown on anagat cadastral plan.

3.1.3.1  Choosing mark density

Generally no explicit mark density is stated. Cdean appropriate density, which
may vary throughout the selected area, takingaotmunt the following factors:

= parcel size

= amount of development (as indicated by survey plans

=  minimum requirements (2 marks per township, enab@€ to be
generated and provides a minimal level of redunglanc

= |ocal knowledge about development within the next fears

= |ocation of existing NZGD2000 geodetic mark¥ (Brder and higher)

Customer Services Version 2.4
Land Information New Zealand 28 October 2009
© Crown Copyright GSY-S15-03-06/275
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= any specific guidance given in the ‘Notes’ prowdds/ LINZ
= coverage of the selected area

3.1.4  Choosing Marks in a Re-establishment Area

Often there are a large number of marks which Haeecompulsory attributes of
Section 3.1.1 and many of the desirable attribafe&ection 3.1.2. The following is a
list of marks considered suitable for resurveyingipgrading to $ Order NZGD2000
standards, in order of preference:

a) Existing 5a marks (allows LINZ to readjust othermbarks in the vicinity
of the one re-surveyed)

b) A mark with a direct or indirect connection to arbark (allows LINZ to
capture the tie(s) to the 5a network and readjashéarks in the vicinity
of the one re-surveyed)

c) Marks already in Landonline (assists future cadhsipgrades since
marks are already connected to the cadastre indrdine).

d) Any other witness or traverse mark shown on anagat cadastral plan.

3.1.4.1  Choosing mark density

For an urban area, marks should be chosen suchgmaany boundary points as
possible within the selected area are within 200 @ntrol mark. The location of
existing 0-5b marks must be taken into accounvadaduplicating existing control.

For a rural area, marks should be chosen suclashaany boundary points as
possible within the selected area are within 1000mcontrol mark. The location of
existing 0-5b marks must be taken into accounvadaduplicating existing control.

3.2 Use of Existing Marks

Every effort shall be made by the Contractor toradg existing NZGD49 geodetic
control marks or cadastral survey marks to NZGD2000preference to the
installation of new marks.

Any maintenance of the existing mark and/or itoemsged protection structures shall
comply with the requirements of the SpecificatifmrsGeodetic Physical Network.

As part of the survey, all existing marks to benapigd will need to be proved reliable
in terms of Section 5.4.1.

Customer Services Version 2.4
Land Information New Zealand 28 October 2009
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3.3  Use of New Marks

Where a mark is required in a location where ntable existing marks are available,
the Contractor shall install a new mark.

The construction of the new mark and/or any assediarotection structures shall
comply with the requirements of the SpecificatifmrsGeodetic Physical Network.

Customer Services Version 2.4
Land Information New Zealand 28 October 2009
© Crown Copyright GSY-S15-03-06/275
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4 Geodetic Codes and Mark Naming
4.1  Geodetic Codes

Each mark is to be assigned a unique four-charagedetic code supplied by
Customer Services Geodetic.

If a mark has an existing geodetic code, its existiode shall be used.

4.2  Names for Existing Marks

Where an existing geodetic survey mark is seledtsdexisting identification as

shown in the geodetic database shall be used, exicapit may be necessary to
change the case of the name. Names should belgnippercase, except where a
Survey District forms part of the name, in whiclkseahe Survey District is to be
enclosed in brackets and be in sentence case. dlleavihg examples should be

followed:

m for an existing geodetic mark referred to as “Dingle Peak”, the case should be
changed to “DINGLE PEAK?”;

= for an existing geodetic mark referred to as “B (MAROTIRI SD)”, the case should be
changed to “B (Marotiri SD)".

For a cadastral mark that is upgraded, its existiegtification along with its plan
number shall be used. Note that the use of “OLQ s in OIT 1) to prefix a mark
shall not be used. The following examples shoelddtiowed:

m  for a mark off a plan referred to as “OIT IV DP 2532", “IT IV DP 2532" shall be used;

m for a mark (eg “IT Ill DP 2398") that has been renamed (eg “SS 23 SO 2865") the
more recent name, “SS 23 SO 2865”, shall be used,;

For a mark that has an alternative name (eg a gpbpal location) this name shall be
included in the contract deliverables.

There must be one space between each element médutine (eg. IT Xl DP 2345).

4.3  Names for New Order 2000 Marks

New marks shall be named by LINZ or in accordandi wistructions issued by
LINZ.

Customer Services Version 2.4
Land Information New Zealand 28 October 2009
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5 Survey Requirements
b1  Method of Survey

The method of survey used must be sufficient totntlee accuracy requirements
detailed in this specification (see section 5.4).

Survey observations shall be undertaken in accomlavith good survey practice
(refer to Appendix 1) and sufficient observationsistnbe made to test for any
potential survey errors, such as plumbing errorsmrere GNSS is used, multipath
errors, and to ensure that the survey accuracyreggents can be tested and proven.

5.2  Network Configuration and Connections

Mark(s) in a new network must be connected to ammim of 2 existing NZGD2000
marks of ahigher accuracy order in a way that absolute coordineterracy tests can
be applied and proven (refer to Appendix 2). Timvesy network shall be designed in
such a way thaf\LL observations can be checked by a network adjustarehthat
the relative accuracy to other geodetic controlk®mia@ maintained.

Unless specifically stated, LINZ does not requirddigional connections to
neighbouring marks which are the same order asuhey.

5.2.1  Connection to Local Higher Order Control

Where LINZ has selected a mark or area for suraeygnnection to at least one local
mark of a higher accuracy order must be made.

For a selected mark, a local higher accuracy ardek is one which is within 3km of
the selected mark.

For a selected area, a local higher accuracy ondek is one which is within the area
identified, or within 3km of the boundary of theearidentified.

This requirement enables consistency to be maedalretween local higher order
control and the new control being surveyed.

b.3  Field Notes and Raw GNSS Data

The Contractor shall retain survey field notes eavd GNSS data for 2 years from the
date of survey. This shall be provided to LINZ upequest.

b.4  Survey Accuracy

The accuracy requirements for provision of geodetiatrol shall meet the following
standards for class and order:

Customer Services Version 2.4
Land Information New Zealand 28 October 2009
© Crown Copyright GSY-S15-03-06/275
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Table 2: Standards for Class 2000 Surveys

Pagel13

Order Horizontal Accuracy and Class Height Accuracy and Class
Class Consiant - € Cine Tength error - p Class Consiant - € Cine fength error—p |
(mm) (ppm) (mm) (ppm)
0 1l 3 0.03 Il 3 0.03
2 \% 3 1 VI 3 3
5 VI 10 50 IX 20 100

Note: Although p is a dimensionless quantity, when it is used in the formula below it has the
effect of being a ppm accuracy standard, e.g. when p=1 this represents a distance dependent
error of 1:1,000,000 or 1 part per million.

The accuracy for an observed vector is determiyed b

95% confidence limit =+ \/ez + (distance (kmx )P mm

Guidelines for Assessing Data Accuracy are providefippendix 2 attached to these
specifications.

.41  Mark Reliability Checks

The Contractor is responsible for ensuring thagxsisting marks selected as proposed
NZGD2000 marks have been correctly identified araven reliable. For NZGD49
trigs and rural bench marks a visual inspectiuificient. Other existing marks,
including cadastral marks, are considered corrédégtified and reliable if both of

the following conditions are met:

1) a cadastral survey origin is observed. This mussist of at least 3 marks if
terrestrial techniques are used or at least twksn&GNSS techniques are
used and any orientation difference on Old Cadast@derlying surveys used
in the reliability check can be independently daieed. These mark numbers
include the existing mark selected as a proposedDZ0D00 mark. New
observations, when compared against underlyingreégens, must not
exceed tolerances specified in Rule 26 of the Sorv&eneral’s Rules for
Cadastral Survey 2002/2 and;

2) where the Surveyor-General’s Rules for Cadastraléy2002/2 would allow
the difference between each newly observed veotarihg part of the
cadastral survey origin and the equivalent adoptexhlculated vector with
which it is compared to exceed 0.05m, the maximufardnce allowed is
0.05m.

The Mark Reliability Check data shall be suppliedading to the Specifications for
Geodetic Contract Deliverables.

Customer Services
Land Information New Zealand
© Crown Copyright

Version 2.4
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It is recognised that in some circumstances sefitcmarks cannot be found or good
survey practice cannot be followed (eg short orifimes). In these cases the
Contractor shall instead report on the marks treaeviooked for, the physical state of
the proposed mark, and any other evidence (e® tthter features, or recordings on
recent plans).

b.5  Site Photographs

For each site visited photographs are to be takémeanark and site. Site photo(s)
should be taken that show the mark in relationgsurrroundings, including features
which may help to locate the mark. Usually this weQuire at least two photos of the
site: one showing the immediate site and one shpwimore extended view.

b.6  Mark and Site Details

For each site visited, sufficient mark and siteadetare to be recorded to enable a
Report of Maintenance Work Completed and Requindaktcompiled.

Access Diagrams are not required.

Customer Services Version 2.4
Land Information New Zealand 28 October 2009
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6 Contract Deliverables

The format and content of the contract deliveralbdesGeodetic Control Survey are
contained in the Specifications for Geodetic CasttR2eliverables.

Customer Services Version 2.4
Land Information New Zealand 28 October 2009
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Appendix 1: Geodetic Good Survey Practice

The following field procedures are to be followedensure good survey practice:

» all field equipment shall be calibrated and chegkedr to and on completion
of the survey

» specific procedures shall be adopted to ensureitisattument centring and
heighting errors do not go undetected

» where GNSS is used field procedures shall be addpteninimise the effects
of multipath and sufficient satellites shall be dise ensure a strong geometry

» all field measurements shall be independently cbéeind recorded
* two independent setups shall be undertaken onreadk

» sufficient time shall be allowed to ensure that GNSatellite geometry
changes to minimise the effects of multipath areoerrors

* hanging lines shall be avoided where possible ahérev used sufficient
checks shall be carried out to ensure no errotisaiata

» sufficient observations shall be collected to eestlrat a free and fixed
network adjustment can be performed to check that required survey
accuracy standard has been met

* when doing mark reliability checks the CadastralvBy Guidelines shall be
followed.

» check to ensure the relative accuracy between melegisting nearby control

is achieved
Customer Services Version 2.4
Land Information New Zealand 28 October 2009
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Appendix 2: Assessing Data Accuracy
1 Introduction

Section 2 of this Appendix relates to geodetic @de5 only. Minimally constrained

network adjustments can be used to assess thgtstr@inthe network, detect outlying
observations and determine whether the Class gtsmdaave been achieved.
However, the Order standards will apply to fullynstrained networks, ie, they apply
to final coordinates.

Note that it is possible for a set of observatitmsneet a high Class standard but for
the resulting coordinates to not meet the corredipgnOrder standards due to errors
in the existing control or failure to adequatelynoect to sufficient higher Order

marks. For example, a deformation survey may n@ass V standards but the

connections to the existing network may only perBrid Order coordinates to be

generated.

1.1 Absolute Coordinates

The application and testing of these standardsratpen the method of network
adjustment. There are 3 fundamental cases for dolstrained adjustments.

1. A weighted least squares or "Bayesian" least sguadgustment in which
weights are assigned to the coordinates of higrderanarks. For example, a
4th Order adjustment with no fixed marks where &nd higher Order mark
coordinates are assigned weights according to #uewmracies. These weights
may be derived from earlier adjustment or may bsedaon the nominal
accuracies prescribed by these standards; eg.mb®@t the 95% confidence
limit for 3rd Order horizontal coordinates. Thigsults in a more correct
adjustment than the classical method describedirbeldowever, coordinates
of higher order marks are changed by the adjustnaeat this may be
undesirable.

2. A "classical" adjustment where the coordinatesighér order marks are held
fixed. For example, a 4th Order adjustment wheesdoordinates of 3rd and
higher Order marks are held fixed. This ensures tinese mark coordinates
are not changed by the adjustment of the lowerrandévork. This method
incorrectly treats the coordinates of the fixed ksaas if they had no error.

3. A hybrid adjustment where a number of differentevsdare adjusted together
with the coordinates of the highest order marksadpéield fixed. For example,
a combined 3rd and 4th Order adjustment where dbedinates of 2nd Order
marks are held fixed.

For a weighted least squares adjustment, all nerél have 95% confidence ellipses
with semi major axes less than the maximum cootdiaacuracy outlined in Table
A2 of this standard. For example, all 4th Orderkaashall have 95% confidence

Customer Services Version 2.4
Land Information New Zealand 28 October 2009
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ellipses (horizontal) with semi major axes lessntdd2 mm. The 95% vertical
uncertainties shall be less than 335 mm.

For a classical adjustment, the allowed size ajregtlipses can be determined from
Table A3 of this standard. The columns repredamtQrder of the fixed marks. The
rows represent the Order of the marks being adjusteor the classical adjustment,
the 95% error ellipses (horizontal) of the 4th @r@@00 marks shall be less than 50
mm. The 95% vertical uncertainties shall be lags 150 mm.

For the hybrid adjustment examples given above98% error ellipses (horizontal)
of the 4th Order marks shall be less than 71 mmewhbse of the 3rd Order marks
shall be less than 50 mm. The 95% vertical unceitg of the 4th Order marks shall
be less than 212 mm while those of the 3rd Ordeksshall be less than 150 mm.

1.2 Relative Accuracy

Least squares adjustment allows the relative acguwhadjusted marks to be derived
from the inverse of the normal matrix. This canchéulated regardless of whether
the line between the marks was directly observechatr Many least squares
programs, including Land Information New ZealandNZ's) SNAP, allow this
information to be generated and output.

In order to confirm that the relative accuracy deds have been met, relative 95%
error ellipses between all marks shall be generaaad compared with the
corresponding relative accuracy standard. Detdilhe relative accuracy standards
for each Order, expressed in terms of Class stdadare shown in Table A2.

For lines between marks of different order, theatreé accuracy standard of the
lowest order shall apply. For example, a line leetwa 2nd and a 5th Order mark
shall have a horizontal uncertainty given by the &ider 2000 standard of VIII or 10

mm + 50 ppm at 95% confidence, not the 2nd Ordardstird of V or 3mm + 1ppm at

95% confidence.

Customer Services Version 2.4
Land Information New Zealand 28 October 2009
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¢ Table A1. Standards for NZGD2000 Class Categories

Class 95% Confidence Limit
Accuracy Standard
Constant Linelength error
e (mm) p" (PPm)
I 3 0.01
I 3 0.03
11 3 0.1
v 3 0.3
\% 3 1.0
Vi 10 3.0
VI 10 10
VI 10 50
IX 20 100

1 Although p is a dimensionless quantity, when it is used in the 95% confidence limit
formula in section 5.4 it has the effect of being a ppm accuracy standard.

¢ Table A2. Standards for Order Categories

Order Control Network 95% Confidence Limit

Horizontal Coordinate Height Coordinate
Accuracy Accuracy

Class Max Error Class Max Error
mm mm

Ordersfor 2D and 3D Position

0 Geodetic and Global network I 35 Il 50

1 Geodetic 1 50 v 100

2 Geodetic \Y, 87 VI 250

3 Geodetic Vi 100 Vi 285

4 Geodetic VI 112 VIl 315

5 Geodetic and cadastral Vil 132 IX 350
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¢ Table A3. Standard for Relative Accuracy Between Order Category Control Marks

Relative Horizontal Coordinate Relative Vertical Coordinate
Accuracy (mm) Accuracy (mm)
Order 0 1 2 3 4 5 0 1 2 3 4 5
0
1 35 - 87 -
2 78 70 - 246 230
3 93 86 50 - 281 267 135
4 105 99 71 50 - 311 299 191 135
5 127 122 99 86 70 - 346 334 243 202 150

2 Checking for Compliance with these Standards

The LINZ adjustment software package SNAP (Ver&dh28 dated 14 October 2009
or greater) is to be used to check for compliandé whe standards in the Tables
above. A copy of SNAP and its associated utilitiesy be obtained from the LINZ
web site at http://www.linz.govt.nz/software-dowadts/snap/index.aspx.

Reasonable and justifiabke priori errors (observation accuracies) in terms of the
methodology used should be assigned to the ddtaselshould be no greater than the

values in Table A4 according to the Order of cooatks to be defined from the
survey.

Different error models may be used for differenvsets of the data, however the use
of these different error models should be justigab

Re-weighting of the data may be carried out baseal mosterioriadjustment statistics
such as the RMS, SEUW or some other form of vadaoomponent analysis.
However the rationale and justification for anylsue-weighting must be explained in
the report and must not result in clearly inappiaiprerrors being estimated.
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¢ Table A4: Maximum a priori Error of Observations

Constant (e) LineLength Error (p)
Order E N U E N U

mm mm mm ppm ppm ppm
0 1.2 1.2 1.5 0.012  0.012 0.015
1 1.2 1.2 1.5 0.04 0.04 0.15
2 1.2 1.2 1.5 0.4 0.4 1.5
3 4 4 5 1.2 1.2 5
4 4 4 5 4 4 25
5 4 4 10 20 20 50

2.1 Accuracy Tests

The survey data, both observations and assigngdori errors, shall be tested by a
series of adjustments as follows:

1. Observation Accuracy Test: this tests that theentadions are as accurate or
better than the assignadriori errors.

2. Relative Coordinate Accuracy Test: this tests tledative accuracy of
coordinates derived from the survey.

3. Absolute Coordinate Accuracy Test: this tests theueacy of the derived
coordinates in terms of the higher order marksradiitig the survey.

Check 1 tests the implementation of the surveydratks 2 and 3 test the design of
the survey.

2.2 Observation Accuracy Test

The accuracy of the observations shall be testedh yee-net adjustment. The
observational accuracy requirements are achievib@ ifollowing conditions are met:

1. the standard error of unit weight is no more thaant
2. all a priori standardised residuals are less than & Rgkwhich depends

upon the degrees of freedom in the adjustméayis calculated from the
degrees of freedom n as

Rnax= PY( (1 + 0.93™/2)

where P! is the inverse cumulative standard normal probglistribution
function. This function is evaluated in Table A5.
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¢ Table A5: Allowance for Degrees of Freedom

n Rmax
10 2.80
20 3.02
50 3.28
100 3.47
200 3.66
500 3.88
1000 4.05

Note: Values calculated from the degrees of freedom in the free-net
adjustment. For degrees of freedom not listed, either calculate using
the formula, or take the smaller of the nearest R,.x values.

2.3 Relative Coordinate Accuracy Test

The relative accuracy of the derivable coordinadetested in a free-net adjustment.
The relative accuracy test uses the calculatedori relative horizontal error ellipse
and thea priori relative vertical error between every pair of nsark

The (1 standard error) horizontal error ellipsesrithe adjustment are multiplied by a
factor f of 2.45 to obtain 95% confidence limits.

The (1 standard error) height errors from the ddjest are multiplied by a factor h of
1.96 to calculate 95% confidence limits.

The relative coordinate accuracy requirements at ifithe relative horizontal and
vertical 95% confidence limits between every pdimarks are less than the values
defined in Table A6 for the order of the survew this table the relative accuracy
comprises a distance independent component (in amd) a distance dependent
component (in ppm). These are to be combined usingpt mean square formula.
For example in a 4th order survey of two marks Zkpart the relative horizontal
confidence limit has components of 10mm and 10pp&km = 20mm, so the test

valueis 4/ (0> +20%*)=22mm
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Table A6: Test for the Accuracy of Coordinates
Horizontal Vertical
Order relative relative | absolute* relative relative absolute *
(mm) (ppm) (mm) (mm) (ppm) (mm)
1 3 0.1 35 3 0.3 87
2 3 1 70 3 3 230
3 10 3 50 10 10 135
4 10 10 50 10 50 135
5 10 50 70 20 100 150

* relative to higher order control

24 Absolute Coordinate Accuracy Test

The “absolute” accuracy of the coordinates is afiby thea priori error ellipses in a
constrained adjustment in which the coordinatat@icontrol marks are held fixed.

The absolute accuracy requirements are met if thwzdntal and vertical 95%
confidence limits of all marks are less than thkies specified in Table A6 for the
order of the survey.

The (1 standard error) horizontal error ellipsesrithe adjustment are multiplied by a
factor f of 2.45 to obtain 95% confidence limits.

The (1 standard error) height errors from the ddjest are multiplied by a factor h of
1.96 to calculate 95% confidence limits.
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