'.«. N =
LB

\

\f &

N7 /
‘ _s QAN -

C/ O

&

New South Wales Government

Surveyor Gen
Directions

No. 9

GNSS for CadastralSurveys

(Global Navigation Satellite System fGadastralSurveys)




DOCUMENT CONTROL SHEET

Contact for Enquires and Proposed Changes

If you have any questions regarding thisalment,contact:

Designation: Document Sponsor Designation: Author

Name: Doug Kinlyside Name: Les Gardner

Phone: 02 6332 8372 Phone: 02 633284

Email: Doug.Kinlyside@pi.nsw.gov.au Email: Les.Gardner@Ipi.nsw.gov.au

Record of Document Issues

Version No|lssue Date |Nature of Amendment

1.0 1/12/200} Initial Release

2.0 20/03/2012 Final Draft includingmajorrevision& update

21 12/02/2013 Draft gfter comments from industiycirculated to workshop
participants.

2.2 12/04/2013 |ReDraftfollowing 14 Feb 2013 industry workshopld®l Sydney

2.3 9/08/2013 Final Releas#o LPI website.

25 May 2014 Minor amendments.

Document Approval:

Approved By :

"""

eeeeeeeeeee.

"""

Des Mooney

Surveyor General of NSW

Date of Approval: 23/05/2014

GNSS for Cadastral Surveys May 2014 i


mailto:Doug.Kinlyside@lpi.nsw.gov.au
mailto:Les.Gardner@lpi.nsw.gov.au

Surveyor General's Directions

Page
Table of Contents

I8 [ o 18 o 1o o PP PPPPPRPRR 1
2.GNSS General Requirements foadastral SUINVEYS..........ooviiiiiiiiiiiiiieeeeeeeeeee e 2
2.1 Accepted GNSS Methods..........uuiiiiiii e 2
3.GNSS ANNUAI VEIfICAtION. ....cciii e e eieieeeeeeeeteeee ettt eeeaae e e e e s eemrennnes 3
3.1 Minimum requirements for verifying GNSS Equipment..............oovvviiiiieeeeeeeeieeeeiiinns 3
3.2 State GNSS TeSt NEIWOIKS......cooiiiiiiiiiiiiiiiimmr ettt s e e e e e e e e e ennes 4
YU V=YY= T Y 1o o SRR 4
5.Best Practice GUIAEINES...........oooieiiiiiiiiiecmrieeeeeei et e e e e e e e e e e nsannnnseeaeeeee
S R B = (U] o o PP SUPP PP 8
5.2 Orientation of SurveyfDatum Line) using GNSS............oooimiiiiiee e 8.
5.3 ACCUIaCY REQUITEIMENTS. ... ..uuuiiiiiiiiiiiiii ettt et e e e e e e e s e e e e e e e e e e e e s e nes s 9
5.4 Observational GUIAEIINES...........coiiiiiiiiiieees e erens e eeeeaaeaeeeeeeemees 10
5.5 RTK SpPEeCIfic GUIAEIINES......ccoiiiiiiiieterer i e e e e e e e e e e emmes 11
5.6 AUSPOS Specific GUIAEIINES.........ccoiiiieeieeiieeee e a e 13
5.7 ContinuouslyOperating Reference Station (CORS).......ccovviiiiiiiiiiiiceeiiieeeeeee e, 14
6.Information Shown on Deposited Plans.........cccooiiiiiiiiiceceiiciccce et 15
6.1 Correctiond Grid to Ground DiISTANCE..........cceeeeeeiiiiiiiiieeee e et eeeeeenees 16
7.PractiCal CONSIAEIALIONS. .......uuiiiiiiiiiiii ettt e e e e nees e 16
8.Field Notes & Data ArCNIVING.........uuiiiiiiiiiiiii e 17
O. TIPS FOr GINSS USEES....cooiiiiiiiiiiiiie s ee et e e e e e e e e e e eeeera e s s e e e e e e e e e e e e eeeeeeesrnnneeeaaaeeeeees 17
O =T [ T 1[0 o R 20
5 @ o 11 ] o] o PP P PP PUPUPUPRPR 20
LY o] 01T o QL VPP PP PPPPPPPPPPPPPP 21
(O A AN O S SRR 21
LY o] 01T o [ = TP PP PPPPPUPPPPPPP 22
STATIC CHECKLIST .ttt ettt et e e e e e e e e e e e e s st e e e e e e e e e e e e e e s s s nnnnnsnnes s e e e nnnnnes 22
e I N O o | @ S I 1) O OTSPP 23
CORS RTK CHECKLIST ...ttt eeeni ettt e e e e s emetee et e e et e eeeeaeeaeaeaaasammmeeeeeeas 24
AUSPOS CHECKLIST .. ettt ettt e e rmmme e e e e e e e e e e e e e enes s nnes 25
Y o] 1= o |G PSPPI 26
EXAMPLE PLANS . ... .ttt eeeet ettt e e e e e e e emat e e e e e e aaaaaee e e e e e e e e s s srmmmeeeaaaaeeeeaaanns 26

GNSS for Cadastral Surveys May 2014 i



Surveyor General's Directions

1. Introduction

This Surveyor General 6s Direction outlines t
Navigation SatellitesSystem GNSS methodgo undertake cadastralirveys in accordance with the
Surveying and Spatial Information Regulat@®il2(SSIR 2012under theSurveying and Spatial
Information Act2002(SSIA 2002)

The use of GISS for control surveys is dealt with/ur veyor Gener al 6,s Dir
AContr ol Sur vangtse InfergaverrBn€ritaM®mmittee on Surveying and Mapping
(ICSM) throughthe publicationi St andar ds and Pr ac(Skly GeSPlLor Cc
publication can be accessed on fB8M Internetsite at
http://www.icsm.gov.au/publications/spl/spivpdf

As GNSSis an evolving technology, ihDirection will be subject to review.

It is the responsibility of the surveyor to ensure that their GNSS equipment andtticaghey
employ in measurement will achieve the accuracy required.

The most appropriate way to ensure accuracy of GN&tBodss by connection to the State

Survey Control network including:
T GNSS Continuously Operating RefeN&WOe St a
1 Establishegermanent survey marks,
1 Survey marks wit accurate AHD values (SSIR 2012)

The Surveyor may choose some other independent means such as
1 Confirm GNSS measurements against calibrated EDM distances.
1 Use sirvey marks that have a Regulation 13 certificate (under the National Measurement
Regulation 1999)

This will also ensure the surveyo6s reliabildi
these connections to be made effectively and efficiently.

The legal traceability of GNSS measurements is an extremely complex and as y@vedrssue

at a State, Federal and International leVhis should NOT deter surveyors from using this
technology for legal purposesurSeyors are strongly encouraged to connect to accurate marks in
the NSW State Survey Control network for each survey.

Current analysis and research indicates that GIE&8 notbe used to derive or measure a
distance unded 00 metresas part of a cadastral survey to meet the requirements of the
SSIR 2012. The exception is for a survey not requiring strict accuracy under SSIR 210
(Clause 9)

These directions are specific to the us&bISSas a means of measuremémtcadastral sweys
All existing regulations, specifications, procedures and practices still apply.
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2. GNSSGeneral Requirementsfor Cadastral Surveys

Theresultsfrom using GNSS3nethodsaredependent upon factors such as:
a) The GNSSmethodused,
b) Session length,
c) Redundancy,
d) Proximity to existing control,
e) Atmospheric conditions,
f) Obstruction of the antenna, and
g) Homogeneity with existing control.

GNSSobservatios produceeitherthreedimensionabbsolutepositionmeasurerentsor relative
threedimensional ectormeasurements between positiombesemeasurementsiustbe convertd
to two-dimensional Grid bearing andhorizontalground distanceneasurement®r inclusion on
the survey planGrid distances may be shown for long measurements, particularly forgrezder
than5km in length. Where Grid Distances are shown, they must be annotated as such.

A GNSS measurementll be deemed as directmeasurmentif it is determinedrom a singé
GNSS vectowhich was observed simultaneously at each end of theAliGNSSmeasurement
will be deemed as derived meas@ment if it is determined indirectly bgon-simultaneous GNSS
observations at each end of the line.

Any bearing and distances shown on the plan must satisfy all angular, length and misclose
requiremats stated in th8SIR2012 All lengths quoted on BepositedPlan must attain a
minimumaccuracy of 10nm +50 parts per millionppm)at a confidence interval &% (as per
Clause 25(25SIR2012.

2.1  Accepted GNSSMethods

The accepted GNS8ethoddor cadastral surveyiaclude:

2.1.1. STATIC1 This involves post processing single baseline solutisnslly using
commercial GNSS softwaproducingstaticor fast/rapid staticesults.

2.1.2. CORS STATIC This involves post processing single basetiokitions with data
from the user@receiver together with datbtained from a recogsgd CORSA
recognsed CORS adheres Taer four or better according to the LPI Guidelines
for CORS Refer tohttp://www.Ipi.nsw.gov.au/surveying/corsnet
nsw/user_quides

2.1.3. AUSPOS- Post processing of multi baseline solutiosghgAUSPOS
Geoscience Australiabds Online GPS Pro

2.1.4. RTK- Real Time Kinematic single base solutions usitgcal independent base
station usually located at the site of the survey,

2.1.5. CORS RTK- Real Time Kinematic or Network Real Time Kinematic (NRTK)
solutions, using the Virtual Reference Station (VRS) or the Ma&sigiliary
Concept (MAC) for CORSnefISW

2.1.6. PPP- Precise Point Positioningost processed)

All survey planghat use GNSS in the survewst state one or more of the abovethods
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3. GNSSAnNnual Verific ation

Verificationand validation ar&OT calibration. Unlike EDM equipment, GN$&ceivers cannot
be calibrated for scale because the definition of scale is inherent in the satellite and orbit data.

Annual Verification must occur for each GN8tthodthat is used to determine survey accurate
observations for inclusion on a surveyrmpla

Annual Verification is not required for GNSfethodu s ed f or fisurveys not
accuracyo under Cl au siegodd pr&tce tBR check thefield codlmates v e r
against an established survey mark to ensure the datum aectiproparameters are set correctly.

Verificationis a rigorous, thredimensional verification procedure. It must be conducted annually
for any GNSS equipment anethodused. Field and reductianethodsused for the verification
must conform to thosepyi cal |y used by the surveyor and w

3.1  Minimum requirements for verifying GNSS Equipment

The following is the minimum requirements for verifying GNSS equipment:

3.1.1. The verifying network must include a minimum of fgarmanent survey marks
with Geocentric Datum of Australia 1994 coordinates (GDA94) recorded in
SCIMS of Order 2 or better and vertical Order 2 or better, preferably with the
same SCIMS Source 1D.e. the coordinatesieredetermined within a single
adjustnent).

3.1.2. A braced quadrilateral formed between at least four (4) established permanent
survey mark®f Class B Order 2 or bettshall be observedr derived The six
baselines are to be obseriggtivedandprocessed as independent vector

measurements

3.1.3. Uses should follow the recommendations set out in the manufacturer's handbook
and manuals. All ancillary equipment must be checked and be in good adjustment
and repair.

3.1.4. Field observation log sheets should be completed for each session. The receiver

type, seial number and firmware used must be recorded on these log sheets. A
GNSS log sheet can be obtained from
http://www.|pi.nsw.gov.au/surveying/surveying_services/survey _information

3.1.5. Meteorological readings are not requiredt @pidly changing weather
conditions can affect all GNSS results especially over longer distances.

3.1.6. A minimally constrained least squaradjustment of the observed baseline
network must be carried out holding one permanent survey mark fixed at the
Aof ficial o SCIMS value, to verify tha
All adjustments of GNSS data should be 3 dimensional in tefthe 6GGDA94.
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3.1.7. As there are many software updates and upgrades during the life span of GNSS
equi pment, t hetestdstea®fi $ioé s &&MitSiSal t o
processing resul@reachieved after each software upgrade. Usually software
upgrades hapenmore frequently tanequipment upgradaand the orderly
archival andetrieval of GNSS datsetswill be beneficial

3.1.8. Surveyors may seek approval for a local verifying network by sending a
submissiorand data in a form as specified in SG Directionidlthe Chief
Surveyor,LPI.

TrigonometricalStations andPermanenMarks should be used in preference to State Survey Marks
due to theiisuperiorstability. The latest coordinatd SDA94/AHD71) must be obtained from

SCIMS. By holding the values of one tfesemarksfixed, thethreedimensionalGDA94/AHD71
coordinates for thethernon-fixed marksare derived using the GNS&ethod

Surveyors should bear in mind that@alinates in SCIMS are derived from adjusted netwakd,
reflect adjusted bearings and distances, not direct observations. If significant difference is found
when using the State Survey Control Network, please contact your local Survey Control office to
clarify the accuracy of the locaétwork.

Preferene should be given to usingsaateGNSS Test Network where possibdotethatthe State
GNSSTest Networks have their own value coordirthegmayhavea higher accuracy than the
value recorded iSCIMS.

Surveyors should reject the verificatiorthe difference between their measurement and
the derivedvectorfrom the published coordinates is greater tha&mm + 10ppm

The results of the annuerification must be forwarded to the Surveyor Geniénaquestd

3.2 State GNSS Test Networks

To enable theigoroustesting ofnew GNSS technologyhé Surveyor General haarrently
establishedwo preciseGNSStest networksBoth arebased upoexisting EDM calibration
testines Theyarelocated in SydneyBass Hillareg andNewcastlgNewcastleUniversityarea)
see Figurel & 2. Thesenetworksmay be use for annualerification. Precise threglimensional
local GDA94 and AHD1 coordinates are availaldter all marks in theest network. These
precise coordinates should be used imuahverifications as they may differ slightly to those in
SCIMS.

Detailed instructions for both GNSS Test Netwoiksd any future GNSS test networksgy be
obtained from
http://www.Ipi.nsw.gov.au/about Ipi/publications/quidelines/surveyor generals directions

Also see the Surveydieneral of the Australian Capital Terjo Gui del i ne No 9. f
Equi pment Verificationo for details of the G
Capital Territoryhttp://www.actpla.act.gov.au/__data/assets/pdf file/0009/21222/Guideline_No_ 9

GNSS_ Verification.pdf
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Figure 1: Newcastle GNSS Test Network
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Figure 2: Bass Hill GNSS Test Network
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4. Survey Validation

All GNSSare operated by international parties. Most GNSS augmentation systems

(e.g. CORSneNSW, GPSnet, etpare operated by Government or commercial third parties. These
are NOT under the surveyoro6s dir emethodmisedht r ol
must be confirmed:

4.1.1. In each and every survey that they are empley&dirvey Validation), and

4.1.2. Annually against higher order established marks in the State Survey Control
Network (Class B, Order 2) or special GNSS Test Netwo(&NSSAnnual
Verification - seeSection 3.

Survey validations a basic,thred i mensi onal |, Airel ativeo check
be conducted for all GNS8ethodaused in a survey i.e. each day for RTK/NRTK and for Static at
each location. External soces of measurement validation may include:
4.2.1. The MGA bearing and ground distance between a pair of established permanent
survey marks, or
4.2.2. An independent distance validation measurement by EDM.
4.2.3. A minimum of two AUSPOS positions can be used to validate RRAIK if:
4.2.3.1. observation periods are longer than two hours,
4.2.3.2. distance between the positions is greater thamiifesand
4.2.3.3. rapid orbits are used for the position processing
4.2.4. Static can validate RTK/NRTK when carried out to class C standards

The check validatio line should be commensurate with the size and nature of the survey.

Validation is achieved if the comparison of bearings and distances between the GNSS result and
the external source achieve Class C (30(d+0.2)).

5. Best Practice Guidelines

The GNSSnethods used must be recognised by surveyors as good practice and for RTK methods
in particular, should always support good cadastral syskessticesuch as:

1 working from the whole to the part

1 establishing a control framework that is fit for purpose

T Arunmhegboundaryd where appropriate

1 Avoiding unchecked radiations.

If the survey accuracy required is at the limits of the GNSS method, then the surveyor must select ¢
different method that will ensure the accuracy required.

Predominantly, onl{sNSS receivers capable of using carrier phase observations are to be used.
The general exception beihgndheldicode onl yo receivers that m
approximate location gfermanensurvey marks.

In order to minimise processing err@isd biases, calculation of baselines must start from a mark
which has MGA coordinageandanellipsoidal height. The accuracy of these values must be better
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than 10 metres both horizontally and vertically. These coordinates help ensure that baselines have
the correct scale and ambiguity resolution. For example: a 10 metre error in the starting coordinate
will result in a 1 ppm baseline error.

Connection to the State Survey Control network is the most appropriate way to ensure that an
accurate starting codinate is used. GDA94 coordinates are equivalent to WGS84 (to about 1
metre). Ellipsoid height is obtained from AHD with the appropriate GEtligsoid separation

value applied. GeoiE | | i psoi d separation values, Idb®@ mmon
sourced from AUSGe0id09. The AUSGe0id09 can be accessed at:
www.ga.gov.au/geodesy/ausgeoid/nvalcomp.jsp

GNSS methods that involve distant CORS sites or similar may produce ratidset not
homogeneous with the local horizontal and vertical networks. This may result from:

5.0.1. The CORS site using a completely different datum (e.g. ITRF or WGS84), or

5.0.2. The CORS site using a different regional or local realisation of GDA94/AHD71 (e.g. a
Reg 13 recognised value standard for position), or

5.0.3. The accuracy of the CORS site survey, or

5.0.4. Distortions in the national horizontal geodetic and vertical levelling networks, or

5.0.5. Local distortions in the State Survey Control Network.

When selecting a GNSS nheid the surveyor should fully understand the nature, extent and impact
of that method and how it affects the local coordinates determined.

51 Datum

A single AUSPOS solution or a single measurement to a CORS or an establishgadrarkve
brings GDA {.e. thehorizontaldatum) to the land surveye@ut, this does not mean the land
surveyed is oriented on MGA

A second independent/ SPOSsolution or ssecondneasurement to a CORS or a measurement to
another established survey mark will enable MGA d&on to be determined.

5.2  Orientation of Surveys(Datum Line) using GNSS

The position of survey marks defining thatum Line of any survey must be determined
specifically for each survey to Ileinsganglye t he s
encouraged that GNSS Surveys adopt an MGA orientation whedatiln@ lineis based upon
permanensurvey marks or reference marks.

If GNSSmethodsare used, then Clause 12(7p ) of t he SSI R 2012 stat
statefroomh at t he ori ent at theoeforethegpkan nust state odecof thev e d .
accepteanethodsshown in section 2.1.

The Datum Line should be local to the pldrat is, withn a few kilometres of the land survey.

Specifically,

GNSS for Cadastral Surveys May 2014 9-8


http://www.ga.gov.au/geodesy/ausgeoid/nvalcomp.jsp

Surveyor General's Directions

5.2.1. For rural survey, AUSPOS, CORS Static or CORS RTK observations are acceptable
methodgo determine an MGA orientation if there are no established permanent survey
marks within 1000 metres from land surveyed smvey validation requirements in
section 4 are satisfiednd

5.2.2. The DatumLine must be over 500m in length and be comprised of permanent survey
marks or reference marks as defined by SSIR2012.

While surveyors are strongly encouraged to use GNSS to determine MGA orientation for their
survey, this Directiondoesot excl ude the use of GNSS that
orientation.

5.3  Accuracy Requirements

Cadastral survey length accuracy (10mm + 50ppm) closely equates to the Class C category. Table
below shows the relationship between the obdissirveys with relation to point error and relative
errors over a line. This means that if the GNSS equipment/method being used has a stated point
accuracy of no better than 0.020m (without regard for setup errors and site considerations) to attair
classC the minimum length measured should be 400m. Using GNSS equipment under 400m for
cadastral purposes would require proof of point error accuracy through validation.

RTK and NRTK mungit be used to measure directly or derived measurements for
short lines (under 100m) as it does not meet the requirements of SSIR 2012 Clau
25(2) This requirement includes measurements to reference marks at corners.

Table 1: Class derived from station density and point error ellipse size (at 95%). The relative
error ellipse size used in the determination of Class is stated in parentheses.

oint and (Relative)
Blinse| 0.010m | 0.020m [0.030m | 0.040m | 0.050m | 0.060m | 0.070 m

Station (0.014 m) | (0.028m) | (0.042m) | (0.056m) | (0.070 m) | (0.084m) | (0.096 m)
Density (km)
0.1 C D E E T I I
0.2 C D E E E I I
0.4 B C D D E E E
0.6 B C C D D E E
0.8 A B C C D D D
1 A B B C C D D
2 A A B B C C C
5 2A 2A A A A B B
10 3A 2A 2A 2A A A A
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54 Observational Guidelines

Regardless of thmethodused hese guidelines provide emeworkfor the survey.

5.4.1.

5.4.2.

5.4.3.

5.4.4.

5.4.5.

5.4.6.

Work from the whole to the part. Observe a primary network to estabésh
datum, then iffill other control as necessary. Where possible, connections to
accurate height control should include additional marks to verify the datum.

The overalll net worfd-pgepmeeoy Mmhes bmp
redundancy, closed figulse@and naincheckedadiations.

Tripod setups should be used for all temporary base stations, high accuracy
and/or static (including fast or rapidijethods Bipods are superior to range poles
andmustbe used by the rover for static surveys using kinemagithiodsand

RTK surveys requiring best accuraéyl bulls-eyebubblesshould be high
accuracy anall surveying equipment including tribragtipods and range poles
should bamaintained in correctdjustment.

Always provide independent checks for antenna heights by taking a second
measurement using imperial units (inches) and ensure the two measurements
agree.

GNSSsurveyingis a threedimensional (3D) measuremeanethod GNSS

observations are maa®d to the Antenna Phase Centre (APC). Exact offset
measurements from the ground mark toARE are always required. The
Aantenna heighto is best measured ver
the antenna, commonly referred to as the AntennarBeée Point (ARP). The
correction from the ARP to the APC is applied by either:

5.4.5.1. An offset value usually specified in millimetres which is sufficient for
most standard applications, or

5.4.5.2. Applying an absolute (IGSantenna model that specifies the offset and
also accounts for the elevation and azimuth of each satellite and
variations in the APC for higher accuracy. This is particularly
important for heighting applications and when mixing antennas from
different manufacturers (e.g. CORS).

The dilution of preision (DOP) is a measure of the diluting effect of satellite
geometry on GNSS outputs such as position, height and time. The PDOP
(Position) or GDOP (Geometric) value are most commonly usedrligyorsto

assess quality of positioA GDOP/PDOP value lesban eight (8) is acceptable.
However, it is different for manynethodsso the recommendations as set out in
the manufacturerds handbooks should b
may differ to those actually encountered in the field due to satelhitahility

and local obstructions. The combined effect of local obstructions at both ends of
any baseline must be considered in all relative GM8fods
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5.4.7.  The minimum number of satellites observed at any one time must be four. Many
GNSSmethodgyenerally require at least five satellites. Akkthodsenefit from
additional satellites.

5.4.8. Observation/epoch rates should follow the recommendations as set out in the
manufactureros handbooks.

5.4.9. The elevation mask used in typical processing should lydumbket at 15° and not
be less than 10° above the horizon.

5.4.10. There is no need to use meteorological readings; use software default values.

5.4.11. Rapidly changing weather conditions can affect all GNSS results especially over
longer distances.

5.4.12. Interference of5NSS signals can affect the quality of results or ability of the
receiver to achieve an ambiguity fixed solution. Typical situations where this can
occur is near radio towers or transmitters or high voltage power lines.

5.4.13. The observation period (i.e. semsiength) should be sufficient to enable
ambiguity resolution (i.e. a FIX solution). To achieve this, follow the
recommendations as set out in the man

5.4.14. Single frequency receivers should not to be used to measure accurate baselines
over 10 km.

5.4.15. Multipath is the reception of reflected signals and is primarily caused by large
regularly shaped flat metallic surfaces such as buildings, vehicles and large water
surfaces. Multipath errors are not constant. They change rapidly over timeeand a
therefore particularly hard to detect. However, the errors tend to reduce over a
reasonably short period of time, e.g. two to thirty minutes. Session lengths should
be increased to minimise the effects of multipath and/or reoccupation should
occur at aifferent time of day, resulting in different satellite geometry to avoid
multipath effects. Short occupation periods used in realrtigteodsarehighly
susceptible to multipath and can cause significant errors. Observing longer
periods of GNSS datailivnot eliminate multipath, but it should reduce its effect
if it exists.

5.4.16. Incorrect ambiguity resolution during initialisation andmialisation may occur
in multipath environments, especially when using real timée¢hods andcan
cause errors of deueters.

55  RTK Specific Guidelines

RTK GNSS observationmay contain small biases that cannot be accounted for by even the most
rigorous surveying practice. The result is increased uncertainty in the computed baselines in the
order of aonecentimetrg10mm) This is at the accuracy threshold of the SSIR 2012 and such
methodsnustbe avoided on short distances (less than 100 mefites3urveyor should berudent

and select a ne@GNSS measurementethodfor distances under 100t it is necessary tase a
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kinematicmethodon short distances, then the surveyor must ensure that the accuracy of the
measurement is assured by including a closed figpmeainingEDM/angle measurements, or the
measurement is used only for lower accuracy applications.

5.5.1. Only correctly adjustetribrachsor bipodsare to baused.Rangepole should only
be used for natural features &rdower accuracyletail work.

5.5.2. RTK base stations muktwve clear sky abovis®elevation for360°horizontal
view (tripod best)

5.5.3. RTK communic#éon by radio or internahustbe continuousvhile observing.

5.5.4. Initialisation at an established control mark emiéalisation at a proportion of
surveyed pointsnust be undertakeiThis is achieved by:

5.5.4.1. Moving the rover 10 metres away from the surveyeualk, i.e. out of the
local multipath environment, and

5.5.4.2. Reinitialising the rover receiver (i.e. by a user command, or turning the
receiver off and on again or turning the antenna upside down so that lock
is lost to all satellites), and

5.5.4.3. Reoccupying the ark and comparing the position difference, or,
5.5.4.4. Othermethodsdeemed suitable by the surveyor.

5.5.5. If local GDA94 coordinateand accurate AHR@re requiredadopt the
coordiretes of, and validate oaf least three established permarsemveymarks
with accuate AHD heightpreferably surrounding the survey.

5.5.6. The besRTK checkis to movethe base statioto a different established maud
selecta different CORS statiothen reoccupyll surveyed pointsA single
occupation using two or more base stations or CORS stations simultaneously
doesnot constituteeliableredundancy.

5.5.7. In RTK and NRTK surveysindertaken by the NS\Wand and Property
Information the followingguideis used

5.5.7.1. Observe fo2 minutesat a onesecond data collection rafepoch)to
obtain an averaged position. Averaging reduces the effect of individual
outliers. Averaging for2 minutesdelivers a huge improvement in
positioning qualitywhereas @eraging for longer thatwo minutesis
generallynot expected to provide substantial further improvements,

5.5.7.2. Reoccupy each poiit least oncafter waitingat leasBB0 minutes
Waiting any longer is not likely to provide any further benefitgse
subsequent observat®mustuse a different base station (RTK) or
CORS statiofCORSnetNSW). If using NRTK a second occupation is
adequate after 30 minutes.
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Double occupations are required to eliminate blunders-oReupation should be
made after 30 minutes has elapsed.

5.5.7.3. Bewae that coordinate quality indicators provided by GNSS rover
equipment are often overly optimistic, even under favourable satellite
visibility and multipath conditions.

If clear sky is not possible, or multipaghlikely, observation times should legtended

Overall,itisuptotheaur vey or 6 s experientecasdssdratian sdelectthe most
appropriatesurvey method

5.6 AUSPOS Specific Guidelines

AUSPOSi s Geoscience Australiads free online GF
observations of extended duration. AUSPOS delivers quatel that are independent of the local
survey control network. AUSPOS positions are simila@@®A94(2010)coordinates derived by
CORSnetNSW without a site transformation. AUSPOS coordinates are derived hyirapp
transformation parameters from the current global reference frame (ITRF20xx) to GDA94.

Heights are derived from ellipsoidal height values with the gelhigsoid separation applied and
are therefore not strictlkHD71 (the currenAUSGeoid09eoid model provides AHD71 heights
from GNSS observations with an estimated accuracy of 50 mm across NSW)

AUSPOSaccuracy is dependent on observatiength, the antenna model and the satellite orbit
data adopted for processing. The following guidelines are to be used;

5.6.1. Observation period must be at ledstours foracceptance int8 CIMS at AassC,

5.6.2. GNSS observations use the rapid orbit data oebetithe AUSPOS Processing,

5.6.3.  The permanent survey marks (PM) and/or reference marks (RNt begnore than
500 metresapart,

5.6.4. The AUSPOS reports @osition measurement observed”®iM 6 s /or&R iMdshall
beattached to the DP at plan lodgement to enaBleéd.updateSCIMS ,

5.6.5.  The orientatiorandlength ofadatum lineis confirmed byStatic or RTK. The length
of a datum line can be confirmed B)PM measurements.

LPI uses coordinates from precisely determined AUSPOS sites for quality assurancexastiing
survey control network The position measuremantiybe included in future radjustments of the
datum. LPI encourages surveyors to submit the RINEX data and log sheets together with the
AUSPOS Reporto scims@Ipi.nsw.gov.au

The major issue with AUSPOS surveys is their proximity to existing control. In some areas of the
State, the difference between absolute GDAXQ) and locally GDA 94 (1997) derived GDA
and AHD is significant (<0.3m horizontalQ< height). If localGDA 94 (1997)oordinates are
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requiredthe surveyor must adopt the coordinates of, and validate on, at least three established
permanent survey marks, preferably surrounding the survey

With regard to network desiga,single AUSPOSolutionis a radiation (or an unchecked
measurement) and is treated accordingly. Good survey practice is to ensure all measurements are
checked

Surveyors wishing to contribute AUSPOS data to the State Survey Control Network should consu
Surveyor General 6s Direction No. 12: Control
http://www.|pi.nsw.gov.au/about_Ipi/publications/quidelines/surveyenegals_directions

Horizontal accuracy up to and including Class A may be assag@ehding upon observation
session length and number of sessitritbe survey mark-or example all Reg13 certification for
CORSNetNSW sites require at least 7 days oftuir sessionsAHD accuracy will not exceed
class C.

5.7  Continuously Operating Reference Station (CORS)

CORSnetNSW (Wwww.lIpi.nsw.gov.au/surveying/corsresw) is a hetwork of GNS8ontinuously
operating reference stations (CORS) providing fundamental positioning infrastructure for New
South Wales that is accurate, reliable and easy to use. The CaRSNenetwork continuously
observes and corrects satellite navigation signalsderdo provide international standard, high
accuracy positioning across NSW. Reale data is streamed to users via a wireless internet
connection. The followinguidelinesapply to all GNSSmeasurements usift@ORSnetNSW and
other recogrsed CORS

Various observation methods are used in conjunction with CORS networks:

5.7.1. CORS STATIC:Post processingethod where static observations are made in the field
and baseline vectors from tRORS sitesre computed using processing software.

5.7.2. CORS RTK:

5.7.2.1. A single-base RTK, where the revcomputes th@osition from easeline vector
from a single CORS sitesing correction data transmitted via a communication
link in real time.

5.7.2.2. A Network RTK (NRTK)solution where the roer computes positionin real
time after receiving corrections transmitted via a communication link from
multiple CORS sites surrounding the user

There are benefits fromsingAUSPOS or CORS networks in cadastral surveying. However,
fundamental surveying principles and accuracy requirements still apply.

Although CORSneNSW reference stations are assigned local GDA94(1997) and AHD71 values
(available through SCIMS), the coordinates derived directly from COR$8%! using

RTK/NRTK refer to GDA94(2010) and are absolute in terms of adjacent existing madefore,

as with AUSPQOS, the proximity of the survey to existing local control must be taken into
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consideration. If local GDA94(1997) coordinates are requitedsurveyor must agbthe
coordinates of, and validate on, at least three established permanent survepragetahly
surrounding the survey

In instances where local coordinates are not required (e.g. distance and bearing) absolute
coordinates are sufficient and aesialibration is not necessary.

With regard to network design, a single CORS observation is a radiation and is treated accordingly

For CORSRTK results under optimal conditions, horizordald verticabccuracy will not exceed
Class CTherefore CORRRTK cannot be used for Stratum surveys under the SSIR2012 where
accurate heights are required.

6. Information Shown on Deposited Plans

The use of GNSS leads to a variety of outcomes not achievable by traditional cadastral survey
methods. Therefore, is idesirable that the next user of a Deposited Plan is made aware that GNSS
observations were used to derive some of the measurements.

All survey plans in which some bearings and distances were derived from GNSS methods must
state one or more of the acteg) GNSS methods that were ugselesection 2.1 This will be
acceptable to comply with Clause 67 of the SSIR 20Adt.exampleall distances greater than

xxXxx metres shown on this plan have been derived by xxxx GNSSsmethod

The results of the Survéyalidation, i.e. the comparison of a GNSS observation and the
independent check measuremeantst be kearly shown on the survey plan

Table2: Survey Validation of Datum Line (Clause 61(3))
From To Grid Grid Ground Method

Bearing Distance | Distance
PM 124152 | PM124167 |[357 U 4] 8757.706 |8754.111 | CORSRTK
PM 124152 | PM124167 | 357 U 4| 8757.713 | 8754.23 | CORS Static

Where coordinates derived from GNSS observations are being shown on a survey plan, they shall
be provided as MGAoordinates (i.e. E, N) witlhe appropriate Zone (see Tab)e 3

Table3: MGA Coordinates of Permane8trveyMarks Found and/or Placed.

Surveying and Spatial Information Regulation 2012lause 35 & 61.

Mark Easting Northing H Class| H Order | CSF Method | Status
TS 12080 | 539 226.623 | 6 864 078.944 B 3 0.999606 | SCIMS FOUND
PM 124152 | 520 142.235| 6 862 227.083 B 2 0.999 590| SCIMS FOUND
PM 61150 | 519533.96 | 6870 391.00 D 4 0.999 583| STATIC FOUND
PM 81941 | 520 133.703| 6 870 371.754 C - 0.99958 | AUSPOS | PLACED
PM 124167 | 519 809.666 | 6 870 974.875 C 0.999 577| CORS RTK | PLACED
PM 124168 | 520 576.865 | 6 869 886.611 C 0.999 581| RTK PLACED
Zone 56 Source = SCIMS; 01/04/2008
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All heights shown on survey plans must be referred to the Australian Height Datum 1971
(AHD71). Where heights are derived from GNSS methods AUSGEOIDOQ9 interpolated N values
must be applied to GNSS ellipsoidal heights to determine AHD71 values.

Benchma ks derived under SSIR 2012 Clause 13(3)
accuracy equal to or better tCORBRTKIThesereB. . . 0
conventional terrestrial methods such as spirit lexgbr trig leveling must be used to obtain the
accuracy required.

6.1 Correctionsi Grid to Ground Distance

As previously noted, GNSS produce either thileeensional absolute.€. position) or relativei(e.
vector) results. Theshouldbe converted to twdimensionalGrid bearing and horizontal ground
distance) observations for inclusion on the survey plan.

A combined scale factor (using the sea level factor and either point or line scale factor) will be
required taconvertobservedlistances, or calculated MGA distas, to horizontal ground
distancessrequiredfor cadastral surveysThe combined scale factor is made up of two
components:

1 Sea level correction converts the ellipsoidal distance to a ground level distéraight
factor)and,

1 Scale correctioin converts an ellipsoidal distance td&A projection distanc€roximity
to Central Meridian)

The application of the combined scale factor can lead to corredtiapsto 500ppm, therefore, it
must be calculatednd appliedaccuratelyfor each point observed.

All distances shown dbepositedPlans in New South Walesust behorizontal ground distances
GNSSmethodssnable efficient measurement of long linésr surveys greaterah 5km in length
a combined scale factor for eachmpanent survey marksoordinatemust beshown on the survey
plan. See Table 3 above. For sus/egs tlan 5km in length, it is acceptable to show a single
combined scale factor for the entire survey.

It is no longer required to show long connectitmdistant CORS sites to derive the origin of the
survey datum. The survey plan must state from what the orientation has been derived and also the
survey validation of the datum line.

Extreme care and meticulous data archiving/quality assurance pracedeirequired to avoid grid
and groundlistanceconfusion at all stages of the survey.

7. Practical Considerations

Ideally, survey marks should be int@sible, particularly Boundary to Reference Marks.

Where a survegombinesdhoth GNSS and Total Station methods, it is recommended that three (3)
GNSS control stationsreplacedin order to adopt and validate the bearing for traversifigs
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will allow the field validationof both GNSS and Total Station measuremebitstancedetween
GNSS control stations of greater than 300m are recommended in order to meet the angular
accuracy requirements of the SSIR2012.

8. Field Notes& Data Archiving

Field notes and log sheets are an invaluable record of what was actually surveyecstbe kept
for each GNSS occupatiofheyshould contain the following information:

Project mme,

Observeréname

Date and sssion start/stop times,

Mark type and name/number

Receiver filenames,

Equipment details éceiver/antennahcluding modelsserial numbers and antenna types,
Antenna height measurement and confirmation (check cm & inches)

Antenna height measuremengthodused(e.g. vertical or slant distance, ARP or ARPC
GDOP/PDOP and number of observed sate|laesl

a simple sketch

A copy ofL P I GNSSLog Sheet is available fram
http://www.Ipi.nsw.gov.au/surveying/surveying_services/survey information

A sessiorby-sessiorobservation diagram allows for easy analysis of network designrand
particular determiningedundancy.

Field notes and log sheetsaw observational data and adjustment resuiltst be suitably archived

All practically available observations must retained when GNSS observations are used in the
preparation of asurvey plaxce pt i ons i ncl ude mathogswhereets hot t i me
possible to retain correction/augmentation sigr@ilsilarly, whenfioni ne 0 pr oc e@sg i ng
AUSPOQOS, thesurveyormustretain a copy of their own GNSS datiad a copy of the AUSPOS

report The AUSPOS repaid must bdorwarded tdbothscims@Ipi.nsw.gov.aand beattached to

the deposited plan at lodgement if the AUSPOS coordinates are used fooilé@tation of the

survey.

0. Tips for GNSS Users
9.1. Do not measure, or derive measurementshorter than 100m with GNSS.
9.2. Know your Kit
Surveyors are encouraged to know howperatetheir equipment. A thorough
understanding of the instrument settingisaquired and how those settings affect the
results.

9.3. Traceability

GNSS for Cadastral Surveys May 2014 9-17


http://www.lpi.nsw.gov.au/surveying/surveying_services/survey_information

Surveyor General's Directions

Surveyors must adopt GNSS best practices to enslisbleresults. GNSS observations
are currently NOT traceable to a recognised value standard.

9.4. Averaging (Windowing)
RTK surveys should observe for 2 minutes to remove large outliers.

9.5. Double Occupations
Double occupations are required to eliminate blunders. The height of the antenna should
be varied.Research has shown thataccupation should bmadeafter 30minutes has
elapsedsee graplioelow). This allows the satellite constellation to change enough to
provide a unique check.

9.6. Site Transformation
Adopt the coordinates of, and validate ahleast 3 established survey marks that have
accurate AHD valueskFour or moremarks will give a better result. The marks should
surround the survey projeict avoid extrapolation

9.7. Antenna Models & Heights
Only use ABSOLUTE antenna models. Use IGS models and consult your GNSS dealer
for assistance. Measure the aneheight using cm and inches to check precision.
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