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ABSTRACT

Real Time KinematicGlobal Navigation Satellite Systembservations have become an increasing

prevalent method of surveying in all forms of the surveying and spatial science industry. One area where
the use of RTK raises particular concern is for cadastral surveying, where it has been realised by many
partiesthat clarification is needed with regards to how RTK technology is to be used. These concerns
stem from a lack of understanding about the capabilities and limitations of RTK and also how it should be
used in regards to best practice recommendations. ifeofathis dissertation is to substantiate the
Surveyors Board of Queensland guideline regarding the use of RTK for cadastral surveys. This
dissertation will aim to augment several key areas of the guideline; short line observation, referencing and
minimum backsight lengths with empirically tested data that will determine how and when RTK is
applicable for these applications and recommend the best practices to achieve these. The aims of the
testing are to determine what is the minimum length of a shortRifiK is capable of accurately
observing, what is the minimum observable length of a backsight line to accurately orientate a survey and
at what lengths can RTK be used to accurately observe reference marks. Testing of these elements will be
conductedwitr egard to the survey standardsd® accuracy r
accuracy results to the capabilities of a total station (as the conventional method of cadastral surveying).
Because the best practices for the observation of these €lements is yet unknown, various methods

will be employed to ascertain which method yields the most accurate and precise results.

The results of the testing conducted found answers to meet the aims of this dissertation but it also served
to identify the impact errors and inaccuracies can have on the observations. It was found that observation
bias in the RTK measurements significantly affected the results of the observations and caused these to
appear potentially far worse than the results may actballyMoreover it was found that RTK is not an
appropriate means of referencing; the errors in the distance led to errors in the bearing of the line that
were too great to accept based on the 95% confidence interval. The minimum backsight length required
for an RTK observation to meet TS bearing accuracy was identified as 180m which is slightly shorter
than the recommendations of the SBQ. It was found though that in difficult circumstances where accuracy
may allowably be reduced for the use of RTK, the mimimbacksight length was determined to be

120m, which is slightly longer than the SBQ recommendations. Both of these minimum lengths were
only found to be possible when using the most rigorous observation methods where anything less would
not suit. Finallyit was found that RTK observations of significantly shorter lengths than recommended by
the survey standards6é (640m) and adopted by s ome
standardsd accuracy,; it wa sThiswas fodnd to heaobsertablewhéne n gt
using only moderately rigorous methods and would be easily repeatable. Considering the effect
observation bias had on the results, several recommendations were made regarding how best to minimise
this impact, as wellsaathe recommendation that a 99% confidence interval should be used when analysing
the capability of RTK as the standard 95% confidence interval potentially allows for too great a degree of
uncertainty. The conclusion of this dissertation found that the amre met and the instances where

RTK is applicable for short line and referencing observations and the minimum observable backsight

length was established.




UNIVERSITY OOUTHERNQUEENSLAND
FACULTY OHEALTH ENGINEERING ANISCIENCES

ENG4111& ENG4112 RESEARCHPROJEQT

L IMITATIONS OF USE

The Council of the University of Southern Queensland, its Faculty of H

Engineering & Sciences, and the staff of the University of Southern Queensland

ealth,

do not

accept any responsibility for the truatcuracy or completeness of material contained

within or associated with this dissertation.

Persons using all or any part of this material do so at their own risk, and not at
of the Council of the University of Southern Queensland, its Facultydeslth,

Engineering & Sciences or the staff of the University of Southern Queensland.

This dissertation reports and educational exercise and has no purpose or validity

the risk

beyond

this exercise. The sole purpose of the course pair ehfitlRe s ear ch toPr oj e

contribute to the over all educati on

document, the associated hardware, software, drawings, and other material set ¢

associated appendices should not be used for any other purpose: if theysed, $bis

entirely at the risk of the user.

wi tf
yut in the

D




CANDIDATES CERTIFICATIONS

| certify that the ideaglesigns and experimental work, results, analyses and conclt

set out in this dissertation agatirely my own effortsexcept where otherwisedicated

and acknowledged.

| further certify thatthe work is originaland has not been previously submitted

assessment in any other course or institution, except where specifically stated.

Michael Stuart Zahl

Student Number: (006)U1004776

e )

/ / » (Signature)

A

24" October2013

Datd)

Isions

for




ACKNOWLEDGEMENTS

Appreciation is due to:
A/Prof Peter Gibbings

As supervisor for this dissertation Mr Gibbings was heawiyolved with helping to
make this dissertation a success. It is through his guidance and extensive knowledge

that the outcomes of this dertation were at all possible.
MinStaff Survey

Thanks must go to MinStafbf sponsoring this dissertation and\prbng the resources

and timeto help complete the field work.
And to my Friends and Family

For their continued supporonstructivecriticism and help throughout.




Table of Contents

F N =17 127X P PP UPRPP 3
LIMITATIONS OF USE. .. ittt iiiiieiiiitiite ettt e e oo e e e e e ettt et tnaeee et et eeebeba e e e e e e e e aaaaaaeeeeeaaeeeeeesnbsnnnnn s annn 4
CANDIDATES CERTIFICATIONS . tttteiutttessstereeseeeesmesssseessssesessssssesasssseansesssessssssessssssssessssnmssesssseeesnses 5
A CKNOWLEDGEMENTS. ...t eteetteteeeitttetuiammsetebssaa e s s e e e e e eeeeeeaeaaaaaaeeeessssnbannnaeseesamansasasaeeeaaeeeeeessssnnnnnd 6.
L ST OF FIGURES ...ttt ettt ettt ettt o oo oo o2 2aaea e e e e e e e e et e et ee bttt et st s b e b e e e e e e e e e eeeeeeebnnaeeaas 10
I TS e ol I = 0SS 12
L IST OF APPENDICES .1 uttteittttesitereessmnaseseesseeeesasteseassesesnesssssesasseesesssesesassssmansesssssessnseeessssesesssens 13
ABBREVIATIONS & NOMENCLATURE ....etteiiittttitteesitttssiaaaseseessassstsesaessassssanaassssessssssssesssssssssssnansens 14
CHAPTER L INTRODUGCTION ...t eetitieeeetttttiti s smss s s s e e e e e e e eeeeesammneeseeeesnssbb s s e s e e e e emanssaseeeeeeeenene 15
11 THE PROBLEM ...ttt oo ettt ettt e s e e e e e e e et emeee e e e e e et eeeeebebb s e s smemnn e s e e e eeaeeeeennns 15
1.2 THE PROBLEM DEFINED ...ccttuuiiitittueetttit s seees s e eeeetn s eeaeeti s e et esmmms s s aeaeetnn s aeaeetnnesananeesenen 18
1.3 RESEARCHAIMS ...ttt sttt e e e et emme b s e et et b s e et e et s e e aneneeeebnn e eaeeenns 23
14 RESEARCHOBJIECTIVES. ..eetttttttuuutaaaaeaeatttreetaeaaesetenesstsnsnna s seeesssnnsaasaeeaessesensssssmmmnsersnns 23
15 RESEARCHSCOPE ANDLIMITATIONS .ututuiieiieeeeeieieeeiettiemneeeeeeteesnnaaeseeeaeaeaaensaeaaeaaeeeesees 23
1.6 JUSTIFICATION OF DISSERTATION....cctuueitiitieeeeetiisseees e et et e et eeti e e e e e sbmmmta e e e eeenn e eaeeenes 25
1.7 IIMPLICATIONS ... eteeeette et eeet e oo e e e e e et et ee e be b mmme e e e s ee kb s s e e e e e e e e e e enaneeeeeeeeeennnnnnnnnns 25
1.7.1 CONSEQUENTIALEFFECT S it titiiii ittt reeee et et e e et et e s e e s s et e et e ea s st aeaans 25
1.7.2 ETHICAL RESPONSIBILITY..etttutettittuieetetti e eaeeeetett e eetestan s eesestnaeeeeesannaseseesnnaeeees 26

1.8 REASONABLE PROFESSIONALPRACTICE ...uuuiiiiitiieee ettt eeeme ettt e e see e e e e 26
1.9 CONCLUSIONS. ..ttt st e e et ettt emeee e e ettt ee e et et e e e s eeeea s e e e e e e e et eeeeese e ba s mmmeeeeebe e e e e e as 27
CHAPTER 2: LITERATURE REVIEW ....ciiiiiittiiea e e e e e et e eeees e e et e e ettt s s st a e s e e e e e e e aeeeeeesennneeeeeeen 28
2.1 INTRODUGCTION. ¢ttt et ettt e e ettt s e eeeee e ettt s e et eeb e e et et b s e e e e e ta e e e e eebaa e eeeennnessn e eeeennanaaees 28
2.2 RTKGNSSFOR CADASTRALSURVEYS SURVEYORSBOARD OF QUEENSLAND .....cccvvvvnnnnees 29
2.3 RTKGNSSFORCADASTRALSURVEY® .PLUS; PETERGIBBINGS......uvvveeiiiiiiiieeeesiieeennnne 33
2.4 GPSFOR CADASTRALSURVEYINGI PRACTICALCONSIDERATIONSC. ROBERTS.......cc......... 35

2.5 GNSSAND CADASTRAL SURVEYS SURVEYOR-GENERAL OF THE AUSTRALIAN CAPITAL

TERRITORY ..ttt e e e e ettt e e s sea s e e e et e et e et e e e e e e et smme et et e e e e e e e e e e e s e s nassmeneeeeeeas 38
2.6 NO. 9 GNSS-OR CADASTRALSURVEYS SURVEYOR GENERALGS DIRECTIONS, NSW..........40
2.7 STANDARDS ANOPRACTICES FOFCONTROLSURVEYS(SPL1)VL.7; ICSM ....coiiiiiiiiieiiiiinn 41
2.8 CODE OF PRACTICE- SBQ..iittiiiiiiiii ittt eeeee ettt s e e e et b e e s eab s e e e aaba e e s annneens 42
29 CONCLUSIONS. .. ittittttre sttt sees bbbt e e et e et e e e e s smes s s et ettt et e e eaeeeeeee s st rmmmrereeeeeaeeeeeesnnens 42
CHAPTER 3. METHODOLOGY ....tttiueeteesteesteeteemesteesaeaeeasteaseesseessaemesessseesneenseeseeenseensnanensesnsesneesses 44




3.1 INTRODUGCTION. ¢ttt e e et eteeeeeennssmmme e s s e e e e e e e et e emeea e e e e e e eeeennnnnnn s e s s emen s nea e e e eeeeeeeens 44

3.2 OBSERVATION METHODS ... ucettiitauieaneeaueestieneasessseeseeesseesseeeeasanamenseaseaseeasessneessesssnanssses 44
3.2.1 OBSERVATION LENGTH ..ctttiiiiiieeeieeies i ieme e e e e s eee s 44
3.2.2 SHORTLINE, REFERENCING ANDBACKSIGHT LENGTH.....ccccviiiiiiiiiiiiiieneee e A7
3.2.21 REFERENCING ...ttt ettt steesteesteeeeseeesteeseeanteaneeansesmnessaseesseeaseeseeesseenseamnnseensesnees 47
3.2.2.2 SHORTLINES AND BACKSIGHT LENGTHS. ...c.veeiteetienieeieenieaeeneeaneesneesneeseeeseeeneeemees 47
3.2.3 CONTROLARRAY ..oiiiiiiiiii i e e et e e eeaea s b s e s s e ettt et e e e e ennnrenneees 49

T T == 1 T o SRS 50
3.3.1 CHOSENTESTING SITE .eiiiiiiiiiiieiiiiiie s setme e e e e 51
3.3.2 USEOFU S BEORSAS BASE STATION ..uuiuiiiiiiiiiieiieeeieeseeeestreeeeeeeeereesaeaaeeeesssssneens 52
3.3.3 USE OFU S GG OCAL PLANE CO-ORDINATE SYSTEM ...uuvviviiiiiiiieeireereeseeeesseeeeeeeeeens 53
3.3.4 EsTABLISH Control Array on USQ Local Plane...........cccoevvvviiiiiiceceeeiiicceee e 53

3.4 RESOURCEPLANNING ...ciiitiieitiiestiee sttt estinesssteeenteessteesneeesseeemnessessseeasseesnseesnseessnnnseanseeans 54

3.5 @ T 1 Y1 =N U 54
3.5.1 FIELD TESTING ...iiiiiiiiiii ittt re e sna bbb e e e s e n e s sar e e e eee s 54
3.5.2 REDUCTIONS. ...cctiiiiiiiiiei ettt e e e e 54

3.6 TESTINGREGIME ..ttt e ettt e e eeee e e e e e e e e e e e e e e s s e e 55
3.6.1 ESTABLISH CONTROLARRAY ....cooiiiiiiiiiiiitiitrre e ae s seeeee e 96
3.6.2 INDEPENDENTCONTROL ARRAY OBSERVATION .....coiiiiiiiiitiirinres e e e 57
3.6.3 OBSERVATIONS ... tttttttetteeee e e et e et st et e e e e e e e e e et e e s e e ee e e e e s s e s s bbb nr e s s e ne s s nannnes 58
3.6.3.1 CONTROLLER SETTINGS. ..t etietetetiiasiaesiieeee s e e s s e s s ae e e eeeeeeees 58
3.6.3.2 SHORT LINE OBSERVATION AND BACKSIGHT LENGTH....ccovviiiiieiiiiiiiieiieeeee e 58
3.6.3.3 REFERENCING . ... .1ttt e e e et e et ereee e e ettt s e e s e e e e e e e e e e e e eeeeneensmmme e nrnnenes 59
3.6.4 TESTING CONCLUSION AND RESULT REDUCTIONS ANDOUTPUT.....ccooiiiiiiiiiiiirerieeenes 59

3.7 L0701 [oF IU L] [ ] N L PP TP 60

CHAPTER A RESULTS...ciiiiiiiiieee oottt r e ee e s nneeereeeneesd 61

4.1 INTRODUGCTION. ...ttt e e et et eeeeetnessmmmt e s s e e e e e e e e e e ereea e e e e e e et eeennnn s e s s emmn e anaeeeeeeeeeeens 61

4.2 ESTABLISH THE CONTROL ARRAY WITH TOTAL STATION .....uvtiiiiiiiiiiiiiieieeeeirrirenneeeeneeneed 61

4.3 RE-ESTABLISHANANGA CORS ..ottt 65

4.4 DETERMINE COMBINED SCALE FACTORS......uuuiitiiiiiiiieieieieeeeeerinriererree et n e e e e e e e e s seneeeeeeee e 66

4.5  3SRTK OBSERVATIONS. ..cuutiitateeiteesteeteesinamesseeseeanseassesneesseesinessseesseenseessesnsessessneassseesd 67
45.1 BS ANALY SIS ettt r e et tea e et e et e et e e e s enn e nr e et e e e ra s 71

4.6 30SRTK OBSERVATIONS. ...uutiuetiueeiteesteateaniramesteaseaneeaseeaseesseesanameaseeseeanseaseesneessessenanssses 72




4.6.1 BOS AN ALY SIS ..t eieieieieetitute i as s e seeet s s e s e eeeeteeeeeete e e mmar e aentn s anaaeeaeeeeeernrnreaaeeeeennnras 76

4.7 BOSRTK OBSERVATIONS. ...uuiiuetiueeiteesteateasiramesteaeeaseeasessseesaeesanamssseesseasseaseesneessessenanssses 77
4.7.1 BOS ANALY SISt iiiiieii ettt e e e e s et ree et ettt eeeer e aee e 81

4.8 180S RTK OBSERVATIONS. ...cciiitiiiiitiiaitttteees s s st s s st e e e s s s neeeeeeessennne 82
48.1 10 S N ] T P 86

4.9 CONCLUSIONS. . ettt eutteneeateeateeateemtnseeateesteaeeanteaneeam s emensseeseesaeeaeeeaaeeseeenteemenseenteanneanneaneens 87
CHAPTERS: ANALYSIS AND DISCUSSION.....cciitiiiiiiiieiiiiiirienee s e ene s nneeeereene e 89
5.1 INTRODUCTION. ...t uettteesteestteneeeseeamesseaneeaseeseeeaseesseesseamesseanseasseanseaneesseesseamnsseesseenseensesnes 89
5.2 TOTAL STATION ACCURACY STANDARD ....tttttiiiiiiiiiiiieieee st irsrieirne e e e smene e 89
5.3 ANALYSING THE DISTRIBUTION OFDATA ..ottt teee s 89
5.3.1 INCORPORATINGTHE OBSERVATION BIAS INTO THE RESULTS...veeiieeiiieesiieesiieeseenee 91

5.4 REFERENCING BYRTK ... 92
5.4.1 REFERENCINGBEARINGS BY RTK . ..oiitiiiiiiiiie it siree e see et eies e snenae e e 94

5.5 MINIMUM SHORT LINE LENGTH THAT CAN BE OBSERVED BYRTK .......coiiiiiiiiiiiiiiiiieiieees 96
55.1 ESTABLISH WHEN RTK OBSERVATIONS WILL MEET TSACCURACY .....ccooiiiiiiiiiinns 99

5.6 MINIMUM LENGTH OF A BACKSIGHT MEASURED BY RTK....ivviiiiiiiiiiii, 100
57 USE OF A99% CONFIDENCEINTERVAL ....cuuuittiiiiirieseeeeeeesaeaesssnnsesseeeeeeeeeeseeeesemannneeeeeeees 104
5.8 L0701 (o7 IU L] [0 ] N TR 104
CHAPTER B: CONCLUSION. ....ciiiiiiiiiii ittt ee e s e e e bbb e e e e e e s sner bbb e b b s aeeeeee e 106
6.1 INTRODUGCTION. ...ttt et e ee ettt et s e e e e e e e et e ee e e s e e e e e e e e e e e enaran e s s sn e e e e e e e e e 106
6.2 MEETING THE AIMS AND OBJECTIVES....ctttttiiiiiieiiaeiiasiimete e e e e e e s e e s ssinnnneene s 106
6.3 FINDINGS AND RECOMMENDATIONS.....citiiiiieiiiiiiiisiiimmee e re e e 106
6.3.1 SHORT LINES ettt ittt e e ettt eeees et et e et e e e e eeern e neeee e e s 107
6.3.2 BACKSIGHT LENGTH ciitiieiitiitiae oo e e eeee s e e e et s e e e e e e e e e e e nnneeas 107
6.3.3 REFERENCING....ctttiitiiiiiieee e et et rmmt e e e e s e e s enennne 107
6.3.4 OBSERVATION TECHNIQUE. ... .uuituiiiiiiitiitn ettt eermeeesaesanesaneesne st e eanssemas s st e saneeaneerneeens 107

6.4 FURTHERWORK ...ttt ettt ee ettt eeee e e e e e e e e e e e e e s e 108
6.5 IMPROVEMENTS ON THISDISSERTATION......ciiiiiiiiiiiiiitr e e et 108
6.6 10701 [ HU L] [0 ] N T TP TP 109
T ] T O 110




LIST OF FIGURES

FIGUIE L. oo ee e e 20
o 11 =00 O 21
o T =200 G SO 21
FIQUIE 2.1t e e 30
FIQUIE 2.2t e e 34
1o T =2 S 37
1o U |02 O 39
FIQUIE 3. e 50
FIQUI 3.2 e 51
1o T LG T O 52
1o T L= T O 52
FIQUIE 3.0 e 85
FIQUIE 3.0 e 56
FIGUIE B 7 ettt ——————————————— 57
1o T (= St O 67
FIQUI 4.2t e e 67
FIQUIE 4.3 e 68
FIQUI 4.4t 68
1o U (=30 58 ST 69
1o U (=R 5 ST 69
FIQUI 4.7 e e e 70
FIQUIE 4.8 ..o 70
1o T L3R 55 ST 71
FIQUIE 4.0 ... oot ee e e et e e annn e 12
FIQUIE 4.1ttt e eet et e e e e e e e e e e e e e e e e e s e mmne e e e e e e e e nn e 12
FIQUIE 412ttt e e e ert et et e e e e e e e e e e e e e s e e e s immne e e e e e e e e e a e 73
T UL 0t G U 73
FIQUIE 4. 1At ee e e e ettt e e e am e e e e e e e e e 14
FIGUIE 4. 15, oot eeee et s et veee e st rmnms ettt 74
o 1B £ 0 PP PP P PP PPPPPRTPTPP 75
T UL St AP 75
FIQUIE .18 ...t e e e e e e e e e e e e et ene e e e e e e e e e e e eeeees 16
o T =0 S0 L SRR 17
FIQUIE 4.20Q0... .. ettt e e e et s e e e e e e e e e e e e e e e annnr e e e e e aeaaeeeaees 17

10



1o T =0 S SRR 78

FIQUIE 422ttt e e et eet ettt e e e e e e e e e e e e e e e e immne e e e e e e e e 78
FIQUIE 4,23ttt e e e e e emr et et e e e e e e e e e e e e e e e e e mmne e e e e e e e 79
FIQUIE .24ttt e e e eemnt e e e e e e e e e e e e e e e e anenseeaaeeeaaaeeeees 79
1o U (0 52 YRR 80
FIQUIE 4.26 ...ttt e e e e ettt e e e e e e e e e e e e e e e e e s immne e e e e e e e e e a e 80
FIQUI .27 ettt ettt e e e ettt et e e e e e e e e e e e e e e e e ammne e e e e e e e e 81
FIQUIE .28 ... e e e e e eret e e e e e e e e e e e e e e et anansaeaaeaaaaaeeeees 82
FIQUIE .29, e e e e e et s e e e e e e e e e e e e e e e anenr e e e e e aeaaaeeaees 82
FIGUIE 4.3Q0. ...ttt e e e emr ettt e e e e e e e e e e e e e e mnne e e e e e e e 83
FIQUIE 4.3ttt ettt e e e e e e e e e e e e e e e e mmne e e e e e e e e 83
1o T L= T 7SR 84
1o T LR TG 1 TSRS 84
FIQUIE 4.34 ... ettt ettt et e e e e e e e e e e e e e e e mmne e e e e e e e e 85
o U £ e 1 PP PP TP PP PPPPPUTPPPP 85
o T L= S TR 86
1o T =R S /AR 88
FIQUIE 5.0 e Q0
FIQUIE 5.2 et 91
U .3 ittt ——————————————— Q3
1o T L= T SO a5
FIQUIE 5.0 e 96
FIQUIE 5.0 98
U B, 7 et ————————————— Q9
FIUIE 5.8 e e e et e e e e e et nnm— e aaaaae 101
FIQUIE 5.9 e 101
FIGUIE 510 ittt e e et e e e et e e e e e e e e e e e e e mnne e e e e e e e 102
T UL 0t I SR 102

11



LIST OF TABLES

TADIE 4.1 .. e 6l
TADIE 4.2, ... —————————— 64
TADIE 4.3 ————— 64
TADIE 4.4 e 65
TaADIE 4.5 e 65
TADIE 4.6, ———————— 66
TADIE 4.7 ———————— a7
1= 0] 1 700 RSP 93
TADIE 5.2, e e rnn e e 95
TADIE 5.3 e ————— e 97
LI 101 (R RPN 100

12



L1ST OF APPENDICES

APPENDIX A: Project SpecifiCations.............coociuiiiiiimmmnsiiiiieeee e 112
APPENDIX B: CORS RTK CheCKIISt........ccoiuiiiiiiiii e 114
APPENDIX C: Raw Data SUrvey REePOILS.......cccuiviiiiiiiiiiiimin e 115
APPENDIX D: Normal Distribution of Bearing and Distances............ccccccvveeuee. 166
APPENDIX E: Total Station Calibration Certificate................cccuvvvieemniiinnnnnnne. 202
APPENDIX F: EDM Calibration...........ccoiiiiiiaiiiieeeee e 203
APPENDIX G:RISK ASSESSMENT....ccetiuttiieiutrteeattinaneeesastseeessasneesssssssesamesasnseeesas 209

13



ABBREVIATIONS & NOMENCLATURE

AR T Ambiguity Resolution (initialisation)

B&D i Bearing and distance

Cl T Confidencdnterval

CORS i Continuously Operating Reference Station
CcCQ i Co-ordinate Quality

DGPS i Differential Global Positioning System
EDM i Electronic Distance Measurement

FL/FR i Face Left/Face Right

FOC i Full Operational Capability

GNSS i GlobalNavigation Satellite System

GPS i Global Positioning System

ICSM i Intergovernmental Committee on Surveying and Mapping
MGA i Map Grid of Australia

PDOP i Position Dilution of Precision

PSM i Permanent Survey Mark

RTK i Real Time Kinematic

SBQ i Surveyors Board of Queensland

SF | Scale Factor

TBC i Trimble Business Centre

TS i Total gation

usQ 1 University of Southern Queensland
ASBQ guideline accuracyo and ASBQ accuracyo

by the SBQ in the guidelines, which refers to @adastral Survey Requiremerdscument
released by the Department of Environment and Resource Management aredl refeim

certain other guidelines such as the NSW and ACT.
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CHAPTER 1: INTRODUCTION

1.1 THE PROBLEM

Late in 2012 the Surveyors Board of Queensland (SBQ) released a document entitled
RTK GNSS for Cadastral Survegsbe used as the guideline for, as the namggests

the use of RTK for cadastral surveys. The publication of this document resulted from
the realisation thatlarification was needed fothe Queensland surveying community
(under the authority of SBQegardinghow RTK GNSS (referred to from here tbras

simply RTK) technology was to be used atcordance with thepecifications and
practices required for cadastral surve@saig Roberts clarifies the misunderstandings

of surveyors in the area of RTK i®&PS for Cadastral Surveyin@ Practical

Consideations

iThi s has been due to a number of reas
of geodesy, confusion about GPS surveying capabilities and best practice
techniques, uncertainty over how to best utilise existing GPS services and
infrastructure, lack of tir/resources to invest into GPS surveying

training, and for the cadastral surveyor uncertainty over what is
acceptable practice to satisfy current survey regulations i fhegticular

state or territorpy ( Roberts, 2005, pg. 1).

The termrealisation thatclarification was neededtemsfrom the lack of knowledge
about how and when RTK should be applied for cadastral purposes, as RTK is
inherently not as simplistic as conventional methods due to the ambiguities in
observations and the general misunderstaysdiwithin the surveying industry about
RTK limitations and actual use. Thgaiideline is not explicit in many areas and does
not feature empirically tested data to substantiate its processes and practices,
particularlysection C. Observation Technigussction F. Grid and Ground Distances
andsection G. Connections and Radiatidaswhich this research is concerndthis is

due in part to the limited jurisdiction of the SBQ and the means by which they can guide
survey practicesOverall this testing is reessary so as to determine how and when
RTK should be used for cadastral applications and once the suitable situations (if
existent) are established, the findings of this dissertation can be used to create stability

and similarity in how surveyors use RTK.
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The guideline is a necessary publication due in part tentoes associated with RTK

and the errors this has led to when using Rifid in part to facilitate the understanding

of the limitations and use of RTK in the cadastral surveying protegsricular, RTK

use has become more prominent in the cadastral field however there are industry
misconceptions about how appropriate RTK is for this purpose and when and how it
should be implementedThe use of RTK for cadastral purposes is considered a
reasombly fledgling concept as there is relatively limited research into the aed

there isstill much confusion and misunderstanding surroundinghie fact that these
misconceptions actually exist become apparent from the opening lines of the SBQ

guidelines;

fiThe Surveyors Board of Queensland has recently becowre &fysome
issues with the usef GNSS/GPS, particularly Re@lme Kinematic

(RTK), on cadastral surveys.
What these issues are will be investigate@apter 2: Literature Review

As opposed tondependensurveying workswyorks where the surveyor may not need to
rely on others worke. stockpile volume, detail and contour etc.) cadastral surveys are a
function of a surveyors own work and of historical works. A cadastral plan is not
maintained by the entity that createsiitbecomes alistributabledocument(under the
Trade Practices Act 1974, Part IliAAccess to services, Division 8)hich others can

and will rely upon in future instanceBhe lodgement of a cadastral plan carcafirse

only be done by an endorsed cadastral surveyor of the B concept worked well

with total stations (TSpeing the principal method of carrying owtadastral survey
becausewhile practices werenot generally uniform throughout the industper se
accuracy and precisionereeasily establishedinderstood and all processes were easily
repeatable Now that RTK has been introduced inteainstream cadastral surveying
thereare greater misperceptiobstweerpractices, methods and resliestween B and

RTK. The problem that arises here is that there are not only problems with RTK
observations themselvdsut the cadastral database will be made up of a combination of
TS and RTK data which ieollected by through different practices and which may be

inherentlyincompatible

Given thesdlifferencesthe SBQ guidelines needs to be reconsidered and extended to

clarify certain issues more detad that;
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a) there can again be practice uniformity regard to minimum acceptable
practiceghroughout thendustry,

b) there can be greater understanding of the application of RTK for cadastral
surveying

c) there can be greater understanding of how and when RTK should be applied

d) all surveyors observappropriataneasurement techniques,

e) so that there is a greater @mstanding of the limitations, processes and

purposes of RTK surveying
These goals were met through the SBQ guideline whialshortoverviewweregiven

fiThis document is designed to provide a summary of overarching principles
that should govern how segyors go about this tagise of RTK] It is not
exhaustive: rather it is essentially an interim document designed to bring
attention to some common errors in practice and will be later supplemented
by more detailed guidelinest is also designed to beead in conjunction

with best practice guidelines such as Sl
(Surveyos Board of Queensland, pg. 2, 2012

This basic description refers to the documentéassau mmary of oved ar ch
(Surveyor Board of Queensland, pg. 2, 20&8)opposed tprescribed methods and
practices that all surveyors should follow. This inherently causes problems because as
the document is only a guidelirrather than an enforced cqodsmesurveyos will

continue to observe ¢ir own practices andiscontinuity will remain between the
information collected and shown on cadastral plang. how one surveyor measures

with RTK will be different to how another surveyoreasuregthis does not matter per

se, so long as the methods are valid with respect to the 8i8€lige and other relevant
standards)The guideline is realised as not being complete though, stating that it will be

supplemented by more specific future guidelines.

While the guideline may not necessarily be complete or comprehensive, it does cover
most areasregarding RTK usé¢o varying degrees of detdil especially when read in
conjunction with best practice guidelines as intended. The SBQelme covers
multiple areas, buta further clarify (and where necessary quantify) every section of the
guideline would be a dissertation-amdof itself. The main focus of this projecs
concerned witlsection C. Observation Techniquas partsection F. Grid and Ground

Distancesand in partsection G. Connections and RadiatioAs mentioned before the
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guideline is norexplicit in many aspectslue to the SBQ only being able to detail
elements considered within their domaso it is the intention of this dissertatioo
Substantiatesectiors C., F. and G with rigorously tested physical practices and
empirical dataThis guidelines does not require all observations to be done exactly the
same so long as their practices are appropriate and meet legislative specifications,
however there is a great deal afonfusion and measurement$ different quality
(accuracy, precision, time etclherefore it is again the intention of this dissertation to
clarify theseelements of the guidelines #atit can be utilised and easily igeated
throughout the surveying communitihere will be some overlap withthersectionsof

the guidelinehowever it is not the intention of this dissertation toyfidkplore these
concepts. It should also be noted that this dissertation will be carried out with respect to
the other sections of the guideliteeoverallfunction in a manner indicative of the aims

of the guideline.

Observation techniques relate not ootythe techniquga surveyor utilises to observe a
point (observation type, duration, equipment, etc.) but also to how he observes in
regards to other points and the rest of the survey. ifibiades the main aspedisis

dissertation aims to investigate

- boundaryline observatios (referred to from here forth as short lines in
accordance with the guidelines definition)
- referencingparticularly observation time length)

- backsight length (directly relating to TS)

These 3 kementsare common tasks a surveywill encounter in theonductof a
cadastral survey and are areas of great confusion which is where a great deal of the
misunderstanding and improper use of RTK is generated from.

1.2 THE PROBLEM DEFINED

Thesethreetasks will become the focus of this digagion with the broad aim being to
properly test and observe these in a manner which will providepirpriatgaccurate

and precisejneasurementand be applicable to realorld situationsBut when these
aspects are measured it is essential to utadergust how good the results actually are,

the obvious base of comparison being conventional methods; comparative\ith@is.
considering what answers will be generated in the end there must be a standard that

surveyors castrive for to match or exceed.
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From the methods detailed in the guideline and associated literature, this will form the
basis of the practical standards. By reaching or exceeding the guidelines standards we
are officially satisfying therequirements of the SBQ for utilising RTK GNSS in
cadastral surveysFurthermore given that T&bservation qualitys generally accepted

to be more accurate than RTd¢er short distances (Gibbings, 2013and it is the
conventional method for cadastral survéy®r the purposes of this dissertation it will

be used as the standard against which to compare the RTK;resulke observations

will be of or not of TS qualityTS observations will be the base of comparison as, along
with RTK, it is the most commady used method of distance observation and the most
common mean of performing cadastral survByss essentially appreciated there will

be differences between RTK and T®herefore there will be two quality standards, the
absolute minimum standard to rfem a cadastral survegs defined by the SBQ

guidelinesand the more rigorous TS quality standard.
1 Short Lines;

Shortlines generallyrefer to observations from one boundaoynerto anotherin all
observations, whether by TS or RTKere are inherenterras present which cause
inaccuraciesn the true(accurate and precisppsition of the point. This ambiguity itself
is a function of the errors in the observaticemging from the propagated errors of the
manufacturels specification errors (measureemt limitations), human errors,

observation method errors asgstematicgrossand randm errors.

More specifically when considering RTihe errorof the observatiowill be a function

of the ambiguity solution and environmental factors (multipath,9phere, troposphere
etc.).All of these combine to create an error in the line of observatioaesult affecting

both the bearing and the distance. For RTK this ambiguity is manifested in the position
of the point itself(error ellipse)and propagates hweeen the two ends of the line to
create an overall error. In TS this error manifestsr the length of the line itseifom

an initial accuracy error given by the manufactures specifications combined with an
error over the distance measured (i.e. 3mm pn8p The accuracy erraf a TSis of a

lower magnitude thaRTK over short distancethoughtheerror increases in relation to

distance(+ Xppm), so RTK will provide better results over long distances
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Error Ellipse

ErrorEllipse

Figure1l1iRef er encing diagram (Gibbingsé, 2013)

The concepbehindtestingshortlines will be todetermine what is the minimum length
of a line that will be of similar accuracy to TBserved lineandhopefully, surpass the
sur vey satcaracy ieer S®PEod Cadastral Survey Requiremenfractically,

determining this will be critical for the;

- re-measurement of existirghortlines
A so that distances similar toonvention method accuracgre
observed
A so thatcadastral plans are not falsely challenged/chéinge
- and the determination of new boundary lines
A so that trudearing and distances (B&RJye given
A no incorrecbbservations oplans are lodged

When TS andSBQ guideline accuracy is methis will become the minimum distance

and observation technique suneyor should observe when measurisigort lines
anything shorter than this (thus providing error outside of the standards) will need to be
either a) observed more rigorously or b) observed in a manner simikfierencingor

c) observed by convention methods

1 Referencing

Referencing refers to the measuremehé point, usually a cornenark to reference
and/or reinstatenarks within close proximity tehat cadastral mik. Generallythese
marks areless than 120m away andare usedo verify the accuracy of an existing
mark, for corner referencing and to assist in reinstating corfdrste is no industry
standardhat defines within what proximity a mark must be to a corner to be called a
reference mark, howevfor the purposes of this dissertation it was accepted to be up to
20m. This was chosen as any length greater than that@0be considered within the

range ofshort lineq(i.e. a boundary line).
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Figure 12 7 A referenang diagramwhere SP represents the corner itself while PSM, Pin, Ref Tree and PTR
represent the marks that would be observed to reference and reinsta®@iS® bi ngsdé, 2013)

It is similar to the concept o$hort lines however when referencingerrors are
acentuated by the short lengtif the baselineas opposed to beingjstributedover

greater lengthsContraryto short lineobservations, where the errors are a function of

the length of the line, referencing is both a function of the length of the line (as errors
are accentuated over that short distance) but also a function of the observation time, as a
longer observation tels to lead the greater convergence of measurements around that
true value(explored inChapter 2. Note; while 2mm positioning error is still 2mm
positioning error over 5m or 5000rfespecially when bearings are a function of
distances in RTK observationghat 2mm will have anuch greater influence on the

error and reality of the bearing amdsclose over 5m as opposed to 5000m.

5m 5m 100m 100m
| | | |
5.002m 0.002m error 100.002m 0.002m error
Misclose Ratio 1:7501 Misclose Ratio 1:150001
Nearly 20x better

Figure 137 A diagram illustrating the impact 2mm error has on closed figures or 5m and 1®&&m li
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In short lineobservations surveyor is able tmeasurdonger minimum lengthso as to
achieveths ur vey st and araccwary where angimng that &lts under
that minimum distance can be achieved by conventional methodbe case of
referencingthe surveyor will be measuring the very short distanttesrefore being
unable to simply move further awaystyetch outerrors (thereby creating better closes).
The thought process this casas that surveyors will accemrrors in the B&Dof the
observed short lirshowever these should not be of a greater magnitude than the errors
measurable by TS. Therefore the question becomes what must a surveyor do when
using RTK for referencing to achieve the standards? This will be a function of the
observation methodime, process and equipmertissentially a surveyor is not able to
change the minimum distance so the question of how to reference with RTK transitions

to what carbe changed to improve results?
1 Backsight Distances

When establishinghe orientation and scale farjob in the local plane, appropriate
backsight/sof a suitable lengtimust be observed td@his task is absolutely critical to
re-establishing the survey azimuth and, especially in regard to RTK surveys, scaling the
RTK measued lengths to the suryelan lengths (i.e. real worldJhis task igelated to

short lineobservations to some degreeweverBS lengths essentiallgnust be of a
greater degree of accuracy so as to correctly establish the survey. More so than
referencirg or short lines the horizontal bearing aspect of measurements is of critical
importance here as it will establish the orientation of the survey. Moréddtiercurrent
cadastral survey needs to be scaled from or@dinate system to anothieor betwen

TS and GNSS' the distance observation must be true too. The general rule when
establishing a survey is to utilise the longest backsight availdtdtween good marks

i thereby minimising the B&D errors as much as possible. This however is up to the
discretion of the surveyor and thengestline might not necessarily be chosas

opposed to the most appropriate

By quantifying and qualifying these 3 entities it is the hope of this dissertation to clarify
the SBQ guideline as much as possible in regaradservation techniquesd indeed

the application of RTK for cadastral surveyss mentiored before, while this is a
relatively narrow project scope, there will be overlap into other sections of the
guideline. It is not the intention of this dissematihowever to prove the sections
outside of the project scope and the aim of the testing will be to follow the guideline as

much as possible.
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1.3 RESEARCH AIMS

The overall aim of this dissertation is to physically test the three outlined surveying
tasks; shot line observation, referencing and minimum backsight lengths so as to
determine the minimbl acceptable practices and values of observation these entities.
This dissertation will carry outesting in accordance witheasonable professional
practice (as wtlined by the Surveyors Board of Queenslarid Code of Practice
(Surveyors Act 200B)discussed in greater depth later. Moreover the aim of the actual
testing is ® achieve SBQ guideline accuracy for the use of RTK GNSS for cadastral
surveysand determingvhether RTK can in facchieve TS standard similar observation
accuracy Essentially the testing will result in the empirical determinatiohaf and

when RTK is applicable and its limitations.

1.4 RESEARCH OBJECTIVES

- To determine empirical results that wdefinitively establish what practices
must be employed to achieve SBQ guideline detrmine whethefS similar
accuracycan be achieved with RTK

- To produce data which can be justified and substantiated so that this dissertation
will have a basisn common practicé this will be achieved by conforming to
the SBQ guideline

- To conduct testing in a manner which inherently covers the practices
recommended by the SBQ guideline but also in a manner which is indicative of
reasonable professional practiceo that this research methodology can be
carried over to real world situations

- Ultimately, to refer the finding of this dissertation to the SBQ to supplement the
nontexplicit and unquantified areas afection C. Observation Technigues
section F. Grid andGround Distancesand section G. Connections and

Radiationsof the guideline with empirically tested data

1.5 RESEARCH SCOPE AND L IMITATIONS

As was introduced in sectioh.1 The Problenthis dissertation specifically target
aspecs of the SBQ guidelinesection C. Observation Techniquesection F. Grid and
ground Distancesand section G. Connections and Radiatioris is therefore the
intention to only research and produce data relevant ese#iectiors, which can be
directly integratedinto these sectiors to supplement it (not necessarily redefine it)
There is thallowancehowever that there will be overlap into various other sections of

the guideline in the course thfis researchyork and testing anperhaps eveimto other
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areasof surveying. Whilghis may occur, it is outside the scope of this project to delve
deeper into these concepts than is needed to undertake the practices required to achieve
the principal aims and objectives. Therefore these overlapping concepts may be
researched for the benedit the dissertation and/or the author/readers however it is not

the intention to produce more information on each than is absolutely necessary.

This dissertation aims to tensively test the 3 entitiesshort line observations,
referencing and minimum backsight lengtfifie author acknowledges there are many
other tasks required for a cadastral survey however given the limited time period, all

testing is limited to empirically testing these 3 concepts.

Other concpts outside the scope of this dissertation ingline are not limited tdthis

is by no means an exhaustive list)

- Undertaking cadastral surveys

- Cadastral plan creation and lodgement

- GNSSoperatioinr ef er t o manufacturersodo specif
- Errorminimisation

- Ambiguity solutions

- Geoid and ellipsoid models

- Co-ordinate systems

- ldeal observation conditions

- Control establishment

- Control arrayestablishment

- Equipment calibration, testing and maintenance
- Equipment validation

- Differential Global Positiomg System (DGPS)

- Legal traceability of measurements and survey integration

Consideratiorhas been taketo limit the scope of this disgation as much as possible
to ensurat is clear and focussed, and thitais not used outside of its intended purpose
(refer toLimitation of Usé thoughthere may be some instances where this dissertation
is applicable. It must be stated that the scope of this project is to directbhoestine
observations, referencing and minimum backsight lengths in regards rifyirudp
section C,. F. andG. of the SBQ guideline with empirically tested data that meets the
SBQ guideline standards for practiageasonable profession practicgandards and

where possible, will be applicable to real world situations that can be teehdThis
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is the intended scope of this work, anything addition is unintended and purely

coincidental.

1.6 JUSTIFICATION OF DISSERTATION

This dissertation is a worthwhile and valuable undertaking given the desired project
outcomes. By the full completion die aims and objectives this researgyardless of

the outcomes, willmake a meaningful contribution to the professional surveying
community in accordance witihe objectives of courses ENG4111 and ENG4112. The
intention of this dissertationisnottoper i vati sed bhoulkepPt pascan

rather to spread the knowledge so that all can benefit.

By contributing the findings of this project to the SBQ for review and possible inclusion
into the guideline, this dissertation will aid the underditagn of RTK use for cadastral
purposes throughout the industry and to a degree, standardise the methods by with

surveyor undertake this task.

1.7 [IMPLICATION S

1.7.1 CONSEQUENTIAL EFFECTS

As professional we must consider the impact we leave on society aedvinenment

in the course of our professions and lives. With sustainability and preservation in mind,
we should in no way disrupt, destrayorrupt or endorsensustainable practiceand

we should take proactive strides to limit our impacts and footpastauch as possible.

We do accept that in some situationberewe will have an impacand we accept
responsibility for that; however it is also our responsibility to find alterndtgs
impactive methodsobserve best practices and perform our woré professional and

sustainable manner.

The intentions and testing of this dissertation are in no way designed to interfere with,
contact, restrict or otherwise inhibit any persons or property. This dissertation will not
require any contact with or emperdion from the public and can be carried out solely
without impact. Moreover the given project objectivedl in no way will cause
disruption or change within societyfhis work is designed for use by cadastral
surveyors, not the public therefore even kim@wledge of and use of this material is

limited to professionals who understand the implications of their practice.

The main area of concern with regards to undertaking this study is the possible impact

on the environment when field testing. The actuahmgs of testing are discussed later
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however it will be solely my responsibility to ensure the environment is not heavily
impacted nor destroyed, to ensure it is not polluted or otherwise adversely affected.
While environmental impact is expected to beyvainimal it must be guaranteed that

the environment is returned to its original state at the end of works and that no lasting

impression is made.

1.7.2 ETHICAL RESPONSIBILITY

Additionally professionals have an ethical responsibility that they must adhereao und
the requirements of their professiorspectiveCode of EthicKonduct/Practicelt is
therefore the intent of this dissertation to follow the standards as prescribed by the
Surveyors Board of QueenslandCode of Practice (Surveyors Act 200Bhportantly,

in line with adhering to this Act, no work or impact can take the reaofiéni t 6 s no't
worryifo, Ait 6sfonot MWsdmgamhe told me too; |
actions resulting from this dissertation and in no way act iraaner contradictory to

the Code of Practice

1.8 REASONABLE PROFESSIONAL PRACTICE

As it is the intention of this dissertation to be submitted to the SBQ to potentially
substantiate their guidelines, it would follow that this dissertation must be performed
with the SBQ recommended practices and Code regarding pra&easonable
professional practicas the expected level of professionalism and knowledge to be
displayed by a surveyor throughout the due course of his Witor&presents not the
maximum abiliy or the minimum ability, but rather what the average, qualified
surveyor would be expected to do in the given situatiBecausereasonable
professional practiceepresents average ability there is some degree of freedom as to
the choices that can be neadt provides the legal basis withiwhich the surveyor
shouldact so as to obey relevant surveying legislation and to ensure that all work is

carried out in respect to the welfare of society.

As such, the SBQ guideline will be adhered to throughoutestengy regime an8P1to

which it refers. Moreover, when conducting this testing the £8Qe of Practicewill

be strictly followed so as to ensure all testing is carried out in a manner indicative of the
doctrines of the SBQ and it can be initially aceepon the basis that it was carried out

with due care and regard.
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1.9 CONCLUSIONS

The need to perform this dissertation arises franfundamental misunderstanding
within the surveying industryegardingthe practices and minimum standards required

to perform cadastral surveys by means of RTK GNSS. The SBQ attended to this need
by releasing a guideline for the use of RTK however this guideline was very brief and
nontexplicit in many areas. One particularea where it failed to fully establish a
complete guideline wasection C. Observation Techniqussction F. Grid and ground
Distancesand section G. Connections and Radiationghis is not to say that the
guideline is deficient per se, however this ditg®n aims to add to and augment the

guidelines to make it more thorough and empirically test some areas of the guideline.

While there are many task requiredcimmplete a full cadastral survey, 3 critical tasks
that are commonly misunderstood were ided. These 3;short line observation,
referencing and minimum backsight length are essential to cadastral surveying and if
performed wrong, will result in incorrect observations and hence incorrect plans and

existing plan challenges.

It is therefore thentention of this dissertation to explore these elem#mtsugh field
testing and reductionand definitively prove low these should be conducted rial

world situatiors. More accurately, these elements will be explored to determine whether
RTK can be usd for cadastral purposes, and moreover, how and when it should be
applied. The aim is to provide thishtough empirically tested data and by following
reasonable professional practice as outlined by governing bedid¢bat this testing is
applicable tahe real world and replicablBy achieving these goals it is then the aim to
provide these findings to the SBQ for their internal review so that this research may
become part of the guideline and supplement the inexplicit areas and further define the
guideline.

By achieving these aims it is hoped that a meaningful and important contribution can be
made to the surveying industry so there is greater uniformity in practices and methods.
Furthermore it will hopefully ensure that surveyors have a minimum staotihogv to

use RTK (in regard to the 3 tested elemetdsgdhere to so as to achieve observational
accuracy which meets the SBQ guideline #ratis i or may be similar to TS quality

data.
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CHAPTER 2: LITERATURE REVIEW

2.1 INTRODUCTION

This chapter is primdgi concerned with establishing the existing background
information for the use of RTK GNSS for cadastral surveying, to deéasonable
professional practic€as this dissertation is very much focussed on this concept) and to
identify any and all other formation that may be relevant. Moreover thierature

review serves to provide a great deal of background information so that should this
dissertation be used for other purposes it is easy to identify where the information and
basis of this research canfrom. Moreover the literature will provide a reliable and
traceable base, consistent will recommended best practice technitpeesiterature
review for this dissertation will beomewhatifferent from others as rather than trying

to definea new ideadevelopment, research or entity (entity is used loosely here), this
dissertation is focussed on describing and expanding an existing idea. The use of RTK
for cadastral purposes is an idea that has been implemented and now, the research is

trying to catchup so as to properly define its use and application.

The most important aspect of this chapter is investigating the SBQ guideline, in
particular section C. Observation Techniquegction F. Grid and ground Distances
andsection G. Connections and RadiasoAs these sections of the SBQ guidelines are
theinformationaround which this dissertation is built, it is critical thaggésectiorsin
particular are analysed in depth. This will basically establish what practices and
methods the SBQ recommend and what areas in particular need to be expamied.
will help to identify what exactly nesdo dane, though not necessarily hawe testing
regime wouldgo &out achievingwhich is why further research will be done into
literature regarding this, particularigtandards and Practices for Cadastral Surveys

(SP) and the newest version 8P1.

The objective of this dissertation is to align all testing widasmable professional
practice therefore this concept needs to be defined too. Because this dissertation will
eventually be submitted to the SBQ for theaternalreview, it is obviously pudentto
conduct all testing in a manner indicative of their guicgsiand practices
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2.2 RTK GNSSFOR CADASTRAL SURVEYS, SURVEYORS BOARD OF

QUEENSLAND

As introduced irSection 1.1the SBQ guideline was created to bring attention to many

of the common errors in practices that cause misunderstandings about the use of RTK
andresult in poor if not inaccurate field observations. The guideline is intended to be
read in conjunction with best practice guidelines rather than be aatareldocument.
Overall the guideline does provide useful information to surveyors on how toatondu
their practices however on the whole it is inexplicit and does not nearly contain nearly
enough depth to fully guide a surveyor through the cadastral survey process. One of the
conditions placed mthe information provided within thguideline is thattiis only an

interim document for the time being, with more detawedsionto follow. Given this
premise, this dissertation will begin to supplement the guidelines particularly focussing
on section C. Observation Techniquesection F. Grid and ground Biancesand

section G. Connections and Radiations

Referencingsectiors C. Observation Techniqueasis apparent that only the base work

for this section has been laid as the section only coakosithalf a page. Tis section

briefly outlines some of theabsolute minimum requisite standards a surveyor needs to
achieve for anaccurate surveyo be undertaken before moving onto base station
positioring and ceordination. In this brief overvieywthe guidelinanentions that a fixed
ambiguity solution must bechieved andthat a fixed solution is required for all
observations (initialisation losand reinitialisation is accepted though) throughotiet
survey.The GNSSbase station mugte set on an appropriate control markwith due
reference to appropriateomtrol marks and the surveyi especially the base station
positioni shouldbe carried ouso as to minimalizenultipath (otherwise TS may be

more appropriate) and conypi t h  ma n u formnsehdatiores sl speaifications
Additionally it mentionsthat i t i's a matter of the surwv
surveying conditions with respect to the number of satellites {(@seadnimum of 4i

which is required for initialisation) s at el |l i te geometry, DOPG
than 8), base station requirements, baseline lengths, elevation mask and expected point
accuracy and precision. In the lasexction G. Connections and Radiatidhe guideline
touches on some of the peets of this dissertation however the information is
unquantified and in regards to the guideline as a whole, it needsmoreelescriptive

t han wsempmfesgiond judgement and discrefidirom sectiorC., what can be

taken away that is applickbto this dissertation is basically abiding by the suggestions

29



of this section of the guideline. Paragraph 2 is applicable to this work however it falls
back on proper survey planning and preparation to ensure that high order and class
marks are used fdrase stations and the latest geoid models will of course be used to
ensure the highest accuracy on the datum. Paragraph 3 can tentatively be ignored at this
stage as it is the intention to only use one base station (as all works should be completed
within range of a single base) for all testing to minimise the total amount of errors over

the testing.

SectionF. Grid and Ground Distancemdicates the need foradastral planso show

ground distance$s48 (B), Land Title Act 1994& Cadastral Survey Requiremts,
DERM), and ground distances are not the same as geodetic plane distances, ellipsoidal
distances or MGA grid distances which are measured by GNSS. It is integral that this is
understood as there is a difference between these distances and whiléetleace

may be negligible over short distances, cadastral plans must show ground distances.
Thereforeregardless of the length of the observed line, it must be reduced to the
horizontal distance at mean terrain heighigure 2.1shows the difference beeen

MGA grid distance and the computed ground distance, and illustrates the importance of

using the correct (ground) distance on a plan, lest the plans be incorrect.

Ground Distance: 400.207m

Endpoint MGA MGA Grid Distance: 400.000m Endpoint MGA
coordinates: coordinates:
499800.000 East 500200,000 Eost
6946945,938 North 6946945,938 North

Figure 21 - Ground and MGA grid distance comparison

Paragraph 2f sectionF. can, at this time, be disregardeditas not the intention to
conducttesting on a local grourblased ceordinate systemParagraph 3 on the other
hand provides some very useful information regarding short line observation. The
paragraph goes into quite some degree of detail providing that lines calculated from two
RTK points will typicallybe of the several centimetre level of accuracy. The guidelines
link to theSP1here stating thaccuracyal 0t was cal culaad2eid (t9d %b €
confidence interval) was 42mm, and provides that vector (vector is used quite loosely
here as the definition of vector is not described) accuracy is required as 10mm + 50ppm.
From the guidelingsrecommendationsthis leads to a minimum distancé &40m

below which distances should be observed by a conventional total station. 640m is a
rather long distance line to observe and if this was to be the minimally accepted
distance, RTK would serve no benefit for urban cadastral works or acreages. The

guideline continues however that the precision of observations can be improved by
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means of longer observation times. This is justified by the worklamissenand
Haasdyk who found through their researchindicatiors of significant benefitsto
accuracyfrom averaging observations over longer time periods (one or two minutes)
and reoccupation (3B0 minutes later). Subject to their findings some jurisdictions have
adopted 120m as the minimum distance below which conventional total stations should

be used.

With further regard tsection Gthe literature does delve briefly into corner referencing

and backsight lengths. Firstly with referencing; the guideline promotes a best practice of
making checks between radiated pojmasticularly when working over small d@ces

The guideline suggests that this is done with conventional methods (i.e. TS and
measuring tape) with these methods taking precedence over the RTK observations. This
effectively defeats the point of conducting RTK surveys if the marks are to-be re
surveyed by conventional methods which will be given precedence. When conducting
this dissertation the focus will be to find a pracficereferencinghat carbe conducted
entirely with RTK (checks included) so that conven o n a | me addittodaly ar er
neededOperating under best practices it would be possible to check the observations at
a later time (allowing satellite geometry changejough reoccupatiomnd with a
different ambiguity solution. The guideline does not expand on the methods or practices
one should observe when measuring reference marks with RTK nor does it give an
indication of minimum lengths or occupation times. Hence to fully clarify i$sue it

will be necessary to conduct a variety of tests so thamtbst appropriatenethod can

be identified and used as the best pracflte guideline moves onto how to observe
backsight lineswherethe guideline actually gives numeric solutionstistathat for

RTK surveys, backsight lengths should be greater than 200m and never less than 100m
unless the situation is unavoidable. While this does to some degree give the user an
indication of the practices he must observdle guideline does not de& how it

arrived at these quantities, nor how the backsights should be observed so that these
intervals will be applicableThis is one of the gaps in the guidelines this dissertation
aims to fill, and establishes the need for this testingplly referece trees, as outlined

in paragraph 3 is beyond the scope of this dissertation per se, as this dissertation is
focussedmore upon actual observations methods however it should be realised that the

guidelines recommendations should be followed.

An importantnote in regards to how the guideline is structured is that it does not define

ideal RTK conditions or theconditionsin which this guideline is appropriatghe
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assumption being t hat it i s uni versal |
professionalydgement) In generakhe guidelines given as the general guide to RTK

use for cadastr al surveys however a great
discretion, itmay beundesirable to use this in all situations. From the SBQ guideline it

is can beconcludel t h a't a | ot of faith is inferrei
conditions and situations accurately. Much of the decision making process is given over

to the surveyors discretion rather than based on situation standards or professiona
practicesDifferent conditionswill obviouslycausedifferentobservationsnd there can

be a great deal of contrast betwaam separateadastral surveys, even if both were
completed to the standards of this guidel@sed upon the conditions of thervey A

surveyor has no control over the conditions of the survey, however just like it is stated
within the guidelines most errors with RTK can be overcome wdtlundancies in
observations(section A. General Requirementparagraph 3) and, moreover ig

essential that proper discretion be observed by the surveyor to determine whether RTK

is in fact the appropriate means to complete the cadastral survey.

The literature covers a range of other information related to cadastral surveys by RTK
however thesare all outside the range of this dissertation. While there will be overlap
into these sections to some degree it is not the intention of the dissertation to quantify or
qualify these sections. In general the guidelines of these sections will be folidweeel
applicable in conjunction with best practices.

While the SBQ has relied heavily on sur
entirely bad concept. The purpose of the guideline and indeed this dissertation is to
guide surveyors in their meth®do they may achieve accurate observations rather than
enforce a practice system. Every situation will be different and there may be cases
where the guidelind no matter how detailed and refinédis not applicable. It is
important to allow the surveyto consider what mud$te doneand if certain conditions

can be met rathiemclthainvegd vitngndaar ddal l

Therefore from the literature it is possible to conclude that the guideline, in its current
form needs to be heavily detailed and suppleetertefore it can be considered
comprehensive. While the document does touch on some key areas it does not provide
quantified data to validate its suggestions nor does it provide methods of achieving
cadastras ur v ey sTha dissestationsmvdl focusn qualifying how to conduct

short lineobservations, referencing and determining minimum backsight lengths and

will validate this with physically tested, empirical data. By achieving this, the guideline
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can become much more succinct and useful and wilige surveyors with the

knowledge and guidance they require.

2.3 RTK GNSS ForR CADASTRAL SURVEYS . PLUS!: PETER

GIBBINGS
The inclusion of this presentation within the literature review is a necessity Diven
Gibbings involvement and experience in the field of RTK for cadastral surveys and his
involvement with the writing of the SBQ guidelines. This presentation has been made at
numerous professional seminars @dGi bbi ngsd knowl edge i s
presentation aims to educate surveyors on the application of RTK for cadastral surveys
and covers numerous areas related to its use and appropriate implementation. Indeed the
presentation covers much the same ground as the SBQ guidekttbeugh this may

seemingly have been the intent given the references to the guideline.

The first point raised is the finding of the SBQ and others of some issues with using
RTK and cadastral surveys which are given (without greater detail) as independent
checks, redundant observations, equipment reliability, validation, checking, staff
training (and knowledge) anghany issues not just GNSS specifitiese issues or their
countermeasures are not stated within this presentation however these issues mentioned
are either beyond the scope of this dissertation (equipment reliability, validation,
checking, staff training), will be eliminated through proper planning and practices
(independent checks, redundant observations) or were previously examined in section
2.2 of this dissertation or in a later section (most of the issues related to GNSS such as
multipath elimination, ambiguity solutions etc.). While these issues are not delved into
within the dissertation it can again be seem how often these issues are raised in relation

to RTK for cadastral surveys.

The importance of using ground distances aamterrain height as opposed to MGA
grid distance is reiterated in much the same way as the guidéelinesbenefit this
section does provide though is the practical means of converting an observed MGA grid
distance to ground distance, by conversion thhahe combined (height SF and grid

SF) scale factor.
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Ellipsoidal Chord Distance (d3)

Ellipsoid Combine Scale Factors

Figure 22 - Height play an important role in reducing a distance observed in the field to obtain the corrected distance
on the ellipsoid (caption arfayure Gibbings, 20.3)

The accuracy specifications givéy SPZ 10mm + 12 p p m afelthen referred to

though his is a significantly more rigid accuracy standard then was given by the SBQ
guidelineand would require a significantlpngerline to be observed to achietas
accuracy. Gibbings©6 ext eratedobservationssarepogssibet at |
that 25mm at 20 may be possible, whi ch i
then provided. More evidence of this testing is providgdhe work ofEdwards et al

2010 and Janssen and Hdgk 2011. When investigating RTK GNSS accuracy

Gi bbingsdadduwmrdascyt htada 10 is not enough,
confidence interval (28) however the rem
This is a vexing predicament as at the 95% CI, 5 out of every 100 observations could
potentially be erroneous, however i f a 9
accuracy may be too great.

An important detail taken from this presentation though isnded to check fobad

initialisations, which can occun about 1 in 1000nitialisations There is no way to
initially tell whether the ambiguity solution is in fabad which is why the need for
reoccupation and redundant observations are requeged(pationrecommended to be

about 30 minutes later). This must inherently be incorporated into the testing regime.

Finally Gi bbi ngsd reiterates the findings of
and the premise that better minimum distantes 640m (based on thesurvey

s t a n dvactod accéuracy 10mm + 50ppm) can be obserifé@ SBQ findings in
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regards to referencing and backsight lengths are also reiterated, requiring independent
conventional measurements to substantiate the RTK observations anendgBs
greater than 200m, respectively.

2.4 GPS FOR CADASTRAL SURVEYING ] PRACTICAL

CONSIDERATIONS:; C. ROBERTS

This paper covera varietyof aspects regarding GPS theory which are all obviously
pertinent to the testing that will be conducting throughous tfissertation. More

I mportantly though Robertsdé work is prin
dissertation so it should provide a great agaklevant information.

The first section refers to the importance of GNfEialisation in the roleof achieving

cm-level positioningand obviously this needs to be carried over into all testing
practices. The paragraph is more an introduction and description of RTK initialisation
than anything else however it does highlight the need for initialisdtimimportant to
remember that there is the possibility fmad ambiguity solutiongeriodically and it
woul d seem prudent, f rom Rossietialisatian armln d G
determine a new ambiguity solution between each set of observétarizetween the

first observations and the reoccupatid@pupled with the information from sectidn4

High Productivity Surveying Robert s6 st ates t hmtdeaB mbi g
conditions is correct 99. 9 %viood findings@ int i me
1000) It is recommended that a known polog observed to confirm the AR adad

AR will result in an incorrect position of a decimetre or more.

Survey planning is then explored however it is again, more an overview and history.
This section does provide some valuable informationfuh operational capability
(FOC) though, which guarantees a minimum of four satellites (usually five) are visible
anywhere on the Earth at any one time. Four satellites will be sufficient to gain a fixed
ambiguity solution (initialisation) and since FOC was declared in 1995, survey planning
i being the checking that enough satellites will be available during & jus been
considered obsolete. It is recommended that an RTK surveyor should alovesyder

the best time to worlard consider the obstructions the area. Furthermore with the

full GPS, GLONASS (Russian) and Galileo (European) satellite systems, survey

planning is rarely required except in the most difficult of conditions.

The second chaptefo Robertsd work focusses on som

of using RTK for cadastral surveys. Interestingly he states that RTK is not a
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replacement for traditional techniques but rather an enhancement suitable for certain

conditions.Base station lcation is reviewed with practical considerations a surveyor

must implement; ensuring that the base has a clear skyview to ensure the maximum

number of satellites are observed to at any one time, that the rover remains within radio

link range (may require @epeater) and critically, that the base is located in a multipath

free environment. Il n particular regard

the base should be set upon a control mark (tied to the relevant survey plan) with known

MGA co-ordinates, provided that it fulfils the previous requirements.

fiModern GPS systems have improved satellite tracking technology such
that weaker signals can be observed under trees with moderate foliage.
(Note that dense foliage will still cause cycle slips). Desihis advanced
tracking capability, the signals are noisier, weaker and therefore more
likely to be subject to multipath and diffraction. The surveyor should be
aware that positions may not be accurate despite quality indicators

showing good solutions.

To overcome this cadastral surveyors can place two or three marks in
clearer locations, coordinate them using RTK GPS techniques and then
radiate or intersect the cadastral detail required usangtotal station or
theodolited ( Roberts, pg. 6, 2005)

Robers 6 review of working under trees or
argument for the proper location of the base as well as an indication of the care
that must be taken during RTK observations. While observing in high
multipath/signal obstruction @as is beyond the scope of this dissertation it is
important to consider the impact multipath/obstructions will have on
measurements and plan accordinglghis may mean using integrated surveys to

complete works.

The next few sect i wlydooke &t obRevvhtienr dorsideratmmasr k

Section2.3 Coordinating marksecommends the use aftripod or other stabilisation

equipment when observing a point to ensure there is no movement during the

occupation and that the receiver remains above tlserestion point of the mark.

t

h i

Robertsdé then reiterates the Importance

point after at least 20 minutes have elapsed, to allow the satellite geometry to change,

with a new AR.
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The elevation mask angle is the Engf elevation above the horizon below which
satellite signals are filtered out, usually due to atmospheric noise of that satellite signal
or which are I|Iikely to be obstructed (1
Surveyor Gener al)d Blo.9 DGP$ doc tCadastrad Sufvedghicht
recommends that an elevation mask of no less 188 be used, so as to reduce the
effects of systematic errors, namely tropospheric and ionospletags, multipatland

complete signal obstruction.

‘@

o

lonosphere mi

Troposphere Horizon

= o~

Figure 231 Elevation mask angle showing satellite signal travel through the ionosphere and trop{Rpberés,
2005

Figure 2.3gives an indication of the need for a suitable elevation mask; as can be seen
the overhead satellitegnal travels through significantly less atmosphere than the right
hand satellite. Multipath is also a concern here as the signal may botitive gfound

or other refledve surface (particularly watefefore reaching the base and receiver
antennas theby making the signal path length longer than it should be. Adopting the
correct elevation angle is therefantical.

Finally Roberts explores a critical topigrid vs ground distanceseededor cadastral
purposes which was previously examined in therk by the SBQ and Gibbings.
Roberts doesndédt really go into any mor e
on how RTK can be configured to work on a local groundmbnate system, a topic

beyond the scope of this dissertation.
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2.5 GNSS AND CADASTRAL SURVEYS, SURVEYOR-GENERAL OF

THE AUSTRALIAN CAPITAL TERRITORY

This guideline is very similar to the SBQ guideline and has bemtuped in much the

same fashionas it too is norexplicit in some areasand does not contain actual
recommended proderes or methodsn some sectionsit does however contain
information regarding the use of RTK specifically for cadastral surveys and the
information will be critical in determining the testing regimidée ACT guideline sets

out to develop a method to eme that the survey information observed using GNSS
technology conforms to the standard as required within the A@ich would
obviously be different than Queenslandterestindy the guideline provides notice to
surveyors that under th&lation Measuremds Act 1960 approved methods of
establishing legal traceability of positions determined by GNSS do not exist, therefore
GNSS should not be used as the sole method of observation during a survey. This is
i nteresting as it wo uskBRTKelusivdlygwheraipossikle; o r 6
integrated surveys may be required) or conventional methods exclusively for the survey
otherwise why bother using RTK at all? This centres on the aim of this dissertation, as
establishing reliable survey practices, l&gisn may be changed to allow for exclusive

GNSSuse throughout a survey.

The guideline is very shallow in detail regarding recommended observation techniques
where it merely states the techniques acceptable for cadastral surveyirspraad
performance mguirements of the GNSS equipment. The latter at the very least can be
followed here, ensuring that the equipment is dual frequency, multiple constellations are
used (GPS, GLONASS and Galileo) where possible and ensuring that RTK techniques
does not preclugl the use of welkstablished, good cadastral survey practeerking

from the whole to the part; establishing a control framework for the project that is fit
for pur pose,; Arunni ng t handwidimyduachecked wh e

radiations.

The gudeline then provides some recommended best practices to observe when using
RTK for cadastral surveys but tleeare mostly covered withiSP1 Moreover these
practices reflecteasonable professional practiceshich is one of the major aims of

this dissetation so these must be integrated to the testing regime. Followijnipeon
guideline develops on these best practices for the purpose of RTK surveys. The ACT

| i sts the accuracy expected at cBmoreilamw t he

thenthesurey st an d ar The devation mask isaggin cited as a minimum of
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13°- 15°. The need for an open skyview the base station is reiterated as well as the
need for a fixed ARA new AR must be gained and it is advised that at least 30 minutes
havepassed before reoccupation of a poilso the base station must be located in a

low multipath area.

Threecritical points are introduced in this section which are important to remember in
regards to the testing regime. Firstly is the recommendatiorththaeceiver should be

set to observe a-decond data collection rate using the averaging technique, and
secondly that to observe Class C positions (the quality of a cadastral survey) a rover
pole with bipod can be used, in favourtieé surveyor lolding the poleand in exception

to a tripod. It is recommended though that a tripod be used when connecting to
established survey control marks and especially when observations are being used for a
site transformationAnd finally, it is advised that no obsenats should be taken when

the PDOP as stated from the controller is greater than 6.

The most important piece of information to be taken away from this section however is
the ACT recommendation for observation length over various survey marks, which is

provided below in Figure.4.

Tvype of Point Occupation Duration
Survey control mark
(connection to datum., site 3 minutes
transformations, etc)

Survey control mark
(RTK session checks)
Cadastral reference mark
Cadastral monument

| minute

Occupations (eg: fencing)

] 15 seconds — | minute
Natural boundary

Height critical point 3 minutes

Figure 247 Minimum recommended RTK occupation durations (Surv&yeneralACT, 2012)

This table gives an indication of the measurement techniques that should be
implemented and this willofr m t he basi s of the testing
research, this occupation duration overview shows the importance that is placed upon
the correct obseation ofsurvey control and critical marksxd theconsistent with the

finding that there is aignificant benefit to longer observation times, as opposed to brief

topoobservations.

The guiddine also takes the time to differentiate between accuracy and precision in

regards to usingTK;
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Accuracyg level of alignment to a datum, as realised by fgitg/sical survey control mark
infrastructure
Precisioni the spead of results (at a certain confidence interval) relative to the base

station

The final information of the ACT guidelines relevant to this dissertation is when the
guidelines draw reference tihe work of Janssen and Haasdyknaking aware to
surveyors that the eordinate quality indicators provided by the rover are often overly
optimistic and that the CQ indicators may report acceptable positions and observations

even though dadambiguity resolution has occurred.

26 No. 9 GNSS FoOrR CADASTRAL SURVEYS SURVEYOR

GENERAL G5 DIRECTIONS , NSW

This direction again is much the same as the SBQ guideline and the previous ACT
SurveyorGener al 6s directions, and outlines t
GNSS methods to undertake cadastral surveys in accordance wiSutbeying and

Spatial Information Regulation 201SSIR 2012) and thé&urveying and Spatial
Information Act 200SSIA 2002). As the SB@Q ui del i nes, Gi bbi ng.
work and the ACT BrveyorGener al 6s directions have a
review will only note important information that can be used for the purposes of this
dissertation, rather than rehashing previous findings. It should be noted that most of this
document is of asimilar fashion as the Queensland and ACT guidelines so the
importance of the guideline is in no way diminish@d. interesting note though is the
guideline stating that with increasing use of GPS surveying technology for cadastral
surveys, the techniquemvolved do not provide the same field data records as
traditional methods and it is becoming of greater concern to ensure that quality of field

practices meet existing requirements or standards.

This guideline introduces the aspect of RTK observation bias which cannot be
accounted for even by the most rigorous surveying practices, which resoltesiasing
uncertainty in the computed baselines to the order of about 10mm. This is the accuracy
threshold identified by the SSIR 2012 and so it is recommended that surveyors apply
conventional methods in instances of short distances (below 100m). The guideline states
that the use of RTK is necessary, these observations should be validated by including
closed figures within the survey by TS or alternatively only using these for lower
accuracy applications (the guideline does not specify whether a cadastral survey would
qualify in this category though).
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An interesting point the guideline raises is to avthgerve points for 2 minutes (at a one
second data collection rate) to obtain an averaged position. The guideline through the
work of theNSW Land and Property Informaticstates thata 2 minute observation
delivers huge improvements positioning quality (than shorter observation times)
whereas observations for longer than 2 minutes are generally not expected to provide

any substantial further improvement.

The final aspect that this guideline raises is a RTK checklist. This cheatliers all
aspects of surveying practice from equipment to best practices and is a useful additive to
the testing regime. Athe testingregimeis intended to test within certain parameters
some of the points outlined on this checklist may be disregaiedopy of the

checklist will be included in th&ppendix

2.7 STANDARDS AND PRACTICES FOR CONTROL SURVEYS (SP1)
v1.7: ICSM

SPlcovers a range of surveying applications and is considered a comprehensive guide

to surveying practices and methods. It was produbg the Intergovernmental
Committee on Surveying and Mapping (ICSM) and is constantly referred to in
surveyorso6 code of p r a intpartcudas it covers septionga ¢t 1«
regarding a)Standards of Accuragyb) Best Practice Guidelines foBurveys and
Reductionsc) Recommended Marking Practicasd d)Recommended Documentation
Practices Of this manual, this dissertation is concerned vt B, 2.6 Global
Positioning System (GPSJhis manublcovers a lot of best practice, most of which

have been outlined in or reference drawn to in previous sections of the literature review.
Most of the previous sections of this literature review have ba&SEland becausSP1

was conducted by the ICSM it is of course applicable to this dissertation.

The relevant chapter and sectionS#t1to be focussed upon herart B, 2.6(with the
condition of being read in conjunction wilrart A) presentgrinciples in general terms
appropriate for GNSS surveying applications (seemingly of apuafiose nature), not
specifically RTK for cadastral purposes. This is probably due in part to the difference
bet ween each state an dns.iGeenthe previoysditeraryc a d a
reviews which are based on the recommendatior&Pdf there are no new findings to

be brought forward here. The inclusion of this document is critically important however

as it will substantiate the testing regime and mlevthe basis ofreasonable

professional practicefor which this dissertation is concerned.
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2.8 CobDE OF PRACTICE - SBO

The SBQ Code of Practiceis included briefly to verify that the testing in this
dissertation will align with the practice requirementshed SBQ. ThisCodeprovides
benefits for consumers of spatial information including survey services specifically, by
providing public confidence in the record of surveys and in surveyors themselves. The
Codeis primarily concerned with the profession andiic interest by establishing the
distinguishing characteristics of a professional surveyor and their obligation to the

public respectively.

In regards to professional competence @ule requires a surveyor to abide by the
principles and standards ofgbessional practice and apply best practice, a standard
which is covered by acting in accordance with the recommendations of the SBQ
guideline andSP1 (this is the portion of th€odewhich is inherently related to this
dissertation) The Codestates thathe surveyor must assume professional responsibility
for all works carried out; theCode would direct the testing to be completed in
accordancevith best practices but that it is the surveyor responsibility to properly and
appropriately implement this, hem the lengthy literature review to ensure this is
achieved. It is also stated that all work must be honest and as the surveyor actually
observed so as to not knowingly make false or misleading statements, this statement
obviously being applied to this disrtation.

2.9 CONCLUSIONS

The previous sections of this chapter have analysed all the necessary literature that will
be required to provide an acaderfactual and reliabldasis for this dissertation. The
review of the SBQ guideline, the ACT and NSW guidelines @Rdhave justified the
methodology that will be outline i@hapter 3 andthe works of Gibbings and Roberts
provide for the real world implementation of the tegtiegime. These findings have
been found to be consistent with the standards and recommendat®R$ @dr which

all (except the SB@ode of Practicgof the literature is concerned.

Important aspects to be taken away from this chapter to be implenmetatee testing

regime are;

1 The requirement for a fixed ambiguity solution for all observations
1 Badambiguity solutions will be solved by reoccupation

Reoccupation of marks should be at least 30 minutes later with an independent
AR
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1 Theroverelevation mas ande shall be set no lower than®13
A 1 second data collection rate using observation averaging will be applied
A bipod will be used tcstabilise the rover for observations of 30 seconds or
longer (in accordance with the ClaSgequirements of cadadtsurveys)
No observations shall be taken when PDOP exceeds 6
Thebase station will be placed with a clear skyview and with minimal multipath
1 The observed MGA grid distances must be reduced to ground distances at mean
terrain height
T Thesur vey suggestdaacurdcy @uality to be 10mm + 50tnis will
be identified as the SBQ guidelines accuracy)
The observation times should at least reach 2 minutes

Due regard to the RTK checklist identified Bur veyor s Gener al 6
NSW

The above factors W form the testing regimand determine how the observations are
completed. By incorporating these considerations into the testing, the observations will
have been measured in a manner indicative of the SBQ guidelines and will be suitably

repeatable torey who wish to verify the results that the testing yields.
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CHAPTER 3: METHODOLOGY

3.1 INTRODUCTION

The intention of this dissertation is to physically test tleeBnentutlinedin Chapter

1; short line observations, referencing and backsight length)at empirical data can

be observed and referred to the SBQ for review. Toeaehthis,field testing must be
completed so as to provide the data needers. Séction willdefinethe testingregime;

how the findings ofChapter 2have determined how ¢htesting will be undertaken and

the considerations that need to be implemented throughout. Moreover this chapter will
give an overview of the dissertation timeline, the resource planning scheme and the

necessary equipment.

3.2 OBSERVATION METHODS

3.2.1 OBSERVATION L ENGTH

In termsof observing the markthatwill be establishedor the purposes of testinthere

are many differentechniquesof observation ané variety ofequipment that can be

used to do soThe marks that will form the points of observation winiceforth be
referred t oarragds, thalsarks dvil loerestablisHed aoldserved to create

the control points for which RTK will observds:rom Chapter 2 the guidelines
recommend at least a 2 minute occupation on the marks and that avbipbe
appropriate means of rover pole stabilisation. Because the actual means of observing
short lines, referencing and minimum backsight lengths is unknown at this stage, the
guidelines recommendations will be followed as a basis of testing. Howewrsedte
methods of observing these three aspects is essentially unknameh the aim of this
dissertation is to establish a practices i mpl 'y f ol |l owi ng one se
enough. The observation testing will therefore reflect the absolute nmmansurveyor

can do to observe a mark, ranging upwards in rigor and incorporating the guidelines
recommendations. Regarding RTKlifferent observationtechniques areusually
concerned with variableehgtls of occupation as opposed to changing other factors
therefore the testing will range from very minimum rigor occupations to much greater; 3

secondbservation$o 180 second observatians

Though the SBQ guideline does nmatescribea time lengththat marks need to be
observed foii the guideline leaves pen to interpretatignfrom other literature this

has been establishedVhile the NSW guidelines recommends that 120 second
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observations are al/l t hat i's required (a
substantial further benefit) the longedtservation length will be set at 180 seconds in
accordance with the authors professional experieslage(ved control pointare set to

a default occupation time of 3 minutes) and in accordance with the findiriggure

2.4, as longer occupation times ilv yield better accuracy Conversely however
surveyors can do the absolute minimum required to observe awgoalt would reflect

a 3 secondiopo observation. This is the default observation time set for feature
observation (from and eefleasuthehleast ansouneof pgerrta e n c
obtain an averaged position; i.e. hold and measure. There is obviously a huge rigor
difference between a 3 second observation and a 180 second observation which reflects
the most and least a surveyor can do tosuesma point via RTK. In accordance with
reasonable professional practick may not be necessary to use a 180 second
occupation to get the desired results therefore observations within the middle of this
range will be investigated. Practical the choicds lve 30 seconds and 60 seconds; 30
secondsas from the findings ofFigure 2.4 15 - 60 second observations are
recommended for lower accuracy occupations and 60 second observations are

recommended for control marks.
Therefore the foudifferentobservatn timeswill be tested

- 3 second observations
- 30 second observations
- 60second observations

- 180 second observations

The other aspethat must be considered in regards to theeovations is the equipment

used and how this will affect the results. gereral RTK set up will consist of the
receiver and pole (absolute minimusffort to reduce errors pertaining to movement
during observationsas this incorporates the human element), or irecladbipod
attachmen{as recommended by the ACT guidelinesls a tripod instead, depending

on accuracy needs. This again has elements of absolute minimum and maximum
where the least a survey can do is hold the pole rather than set up a reliable bracing

system.

Based on common workplace practiGesd the recommendatis found through the
literature review,0bsenation equipment willeither consist of gole or a pole with

bipod attachment. The thought of using a tripod was considered however given that
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RTK is used because of its flexibility and because observati@stare so short, it was
discountedlt is acceptable to not use a tripod for the testing, and use a bipod instead as
this method will still achieve the requiredcacacy standard, as defined the ACT

guideline.
Therefore testing will consist @bmbinations of equipment and observation times;

- 3sec ob. withheldpole
- 30sec ob. with bipod
- 60sec ob. with bipod
- 180sec ob. with bipod

This will be used to represetite range ohow an average surveyor would go about
completing an RTKcadastral survey in the real world. While it is conceivable ghat
surveyor might observe amark for 180sec with a tripod, this dissertatiams to
reinforce the flexibility ofRTK over TS so speed and efficienayll be considered

more important than rme rigorous testing methods

Finally in regards to observations, it is mandatory as part of a cadastral survey to
provide dieck and redundant observations so as to verify the accuracy of the survey.
This is recommended in every article reviewed aiitl be adhered to here. It is not
enough to simply observe dhe test marksvith different methods; the observations

must be repeated to ensure that there are no errors in the data which can otherwise be
eliminated(i.e. bad ambiguity solutions)From the liteature review, all guidelinesly

on a 95% confidence interval, therefore enough data must be collected so as to create a
normal distribution and so that erroneous outriding observations calegied and
excluded.To establish a normal distributiohe sample size must be greater than 25,
therefore all variable observation techniques will be repe&@@dimes, each with a
different ambiguity solutiori following the recommendation found previousBy
observing each mark 30 timéw eachdifferent olservationtime, this will collect data

over a period of timeallowing the satellite geometry to change thershaiysfying the

SBQquideline requirements

Moreover it is crucial that allistancesire measured ithe intendedrderof the control

array, having completed done thike proceswill be repeatedThis will be done &
opposed to measuring the same mark 30 times then moving on to tle eestire that

the satellite geometry has changed and that by the end of testing there will certainly be
enough geometry change to satisfy the minimum 30 minute requireimentvill align
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with best practice as repeatedly measuring the same point would not allow for that 30
minute time period to elapse. Moreover a surveyor would conduct the cadastral survey
then reoccupy as a check rather than measuring each point twice then moving on.

3.2.2 SHORT LINE, REFERENCING AND BACKSIGHT LENGTH

To actually conduct the testing it will be necessary to observe survey marks that have
been established to meet ttesting objecties of this dissertation and have suitable
three dimensional cordinates.Therefore the actual requirements of the testing marks

need to be established.

3.2.2.1 REFERENCING

It was previously identified itChapter 1thatreference marks could be considered any
mark less than 20m away from the corner markbased on the auth
experience and investigation of various cadastral plaosimonly, reference marks are
placed to directly reference that particular corner meaning the mmawikhin close
proximity, i.e. 2mi 5m away or the markcould be coincidental i.e. an existing mark or

a mark placed for another purpose can be used to reference the corner. Whatever the
case may be is irrelevant as once the corner is cteth& these surrounding markse
surrounding marks become reference marks of the corner. The testme
concerningreferencingaims to provide apractice for observing reference maisd
determine if RTK can be used to observe all reference marks regardless of the distance
from the corner. It may be found that RTK is applicable to all reference marks or only
those over longer distances. As reference marks are considered to be anywhere from 2m
i 20m away from the corner, marks at these distances will be observed as well as
severalmarks in between to more accurately establish where RTK wouldgtieape

to corner referencing.
Therefore the variable reference mark lengths will be established as;

- 2m
- 5m
- 10m
- 20m

3.2.2.2 SHORT LINES AND BACKSIGHT LENGTHS

Just like referencing, it has previtydeen establishedihat the guidelines (from the
various states an8P1 recommendas best practice for the observation of short lines

and the minimum distance of backsight lengths.
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Discussing short distances first, the SBQ guideline states (bas&PDrthat only
distances greater than 640m should be observed by RTK which would satisfy the 95%
Cl . However t he SBQ gui del i referenceaothdr t h e
jurisdictionsbelieving that much better results can be achieved and significantly shorte
distances can be observed with RTK; down to 120m, wthiekejurisdictions have
adopted as the minimum. Therefore the testing for short lines will aim to determine
whether 120m short lines can be accurately measured with a TS or whether this can in
fact be improved upon, or conversely whether RTK cannot accurately measure 120m
short lines. This would lead to a mark being established at 120m and observing it, but
also establishing marks at shorter and longer distances, so as to determine the range of
theRTK capaldity.

Moving onto backsight lengths, the SBQ guideline recommends that for the use of RTK
backsight lengths should normally be 200m and greater and never less than 100m
except in difficult terrain. Therefore a mark would be established at tbenneended
distance, 200m and marks would be established to determine how accurately RTK can
determine a backsight bearing andali€e at lengths less than the recommendation.

Therefore the lengths for short line and backsight length will be established as;

- 80m (test the limits of BS length and short line observation as it is below
the recommended 120m minimum for short line observation and below the
100m minimum for RTK BS)

- 120m (recommended minimum distance for short line observation and
around the mimhum allowable length for RTK BS observation)

- 160m (determine accuracy of short line observations and BS lengths)

- 200m (recommended length for BS observations)

Furthermore it would seem prudent to determine the absolatenmam capabilities of

RTK for measui ng short l ines and BSO0s. There
incorporated into the testing regime to determine if (although it may seem unlikely)
RTK can be used to accurately measure a line of this length for cadastral punposes.
particular regard tair ban si tuati ons, boundary | engt
some cases th@oundariesare less stillso is essential that this distance be observed to
determine the appropriate application of RTK over particularly short lines. 40m lines
would fall into the category of short lines rather than BS lengths because the surveyor

woul d desire to use the | ongest BS possi
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recommended. It may be found that 40m short lines can effectively establish the
orientation for acadastral survey, however the surveyor is stilVisedto adopt best

practice and seek a longer BS length.
Therefore the testing regime for short line and backsight length will be established as;

- 40m
- 80m
- 120m
- 160m
- 200m

3.2.3 CONTROL ARRAY

Having established thebservation methadand having determined the necessary
distances to be observed, the actual physical marks need to be identified. It would be
ideal if the required marks existed in the real world from previous cadastral surveys,
however it is unlikelythat such @aurvey with these marks existand it would take too

long to search for one that did. Therefore the required marks will be established for the
purposes of thidissertatior(refer toFigure 3.3, as the purpose of this dertation is to
replicate a cadastral survey from a practical perspectserall this probably
represents the best course of action asrtaks will be established exactly as need be
and it can be placed in an area where the marks will not be intevigredThis does

mean however thahé marks need to h@aced and then measurafhile this means

that extra work will be involved in the testing regime, it does ntbah the aim of
comparing RTK to TS accuracy can inherently be accomplished as thel eoraywill

be established by TS.

A consideration to be taken into account here is thatdnmeparison of RTK and TS
observationss not concerned with the @wdinates of the observations but rather the
measured lines (TS) and reduced baselines (RTKpbetocompared. This reflects
cadastral practice as cadastral plans show distances and bearingsordihai®s at
each end of the line. Therefore this means that the cariayto be established does
not need MGA cerdinates per se, the -codinates ca be arbitrary if desired. This
would lead to the TS measuring on oneotdinate system and KT (of course)
measuring on MGA. So long as the ®Bserveground distanceand the RTK GNSS
observations are reduced to ground distances at mean terrain theighwill beno

trouble converting between the two systems and the primary analysis will be to reduce

49



both sets of observatiorn® distances and baag andforgetthe co-ordinates. It would
be essential to ensure that theacdinate system used by th&iE aligned to MGA grid
north however so that there are no bearing difference arising from the different co

ordinate sets.

>20m Long Line & Backsight
0 - 20m Reference

S0m 120m

10m

5m

160m

200m

Not to scale O

Figure 317 Basic diagram of the contratray

3.3 TESTING SITE

Before any testing can be started or indeed, bef@eontrolarraycan be established

an appropriate location needs todimsen to conduct the testirfgrom the findings of
Chapter 2this location must allow a base station to be established that tlasra
skyview and where multipath will not affect the return signal from satellites to the base.
It has been decided that alarks of the control arrayill be established manually as it

is unlikely that the necessary marks exist already. Tk#an® that large open space

will be required that is preferably unoccupied or at the very least, is unused by the

public so that the testing will not conflict with any communmitierests.

As thesurveymarks need to be placéar the purposes of this dissertatjonis critical

that themarkswill pose no safety hazard to the pubdind that the placement of the
marks has no environmental impact beyond regular survey mark placement for cadastral
purposes. To address the public concern the marks will be dhng@nat ground level

with postingof eachmarks to identify the positigrand the marks will be removed once
testing is concludedThe environmental impact is harder to identify in this instance
however overall there should be a very minimal impact. Fomgegiurposes there
needs to be about 10 marks established with 10 witness posts. With the placement of
these, no vegetation will be removed or destroyed and at the end of testing all holes will

be filled to completely reduce the impact of testing.
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3.3.1 CHOSEN TESTING SITE

The area chosen to conduct all testing that meets the space requirements is the USQ
Campus Grounds, Toowoomba; more specifically the open field fronted by West Street
and the USQ main drive. This area providesr a hectaref open space with which

survey testing for various classes is conducted (refer to the folldwnges for site

photos). The area hasme gattered trees and the USQ Student Village adjoins the
field however there are no significant obstructions in the area that \affeltt a base

station or rover (unless under a tree).

Figure 32 Aerial photograph of the testing field (Google Images, 2013)
Moreover the field has substantial existing survey control (ok/8@ Local Plangand

the Anamga Continually Operating Reference Station (CORBIich can be used. The

field has no specific use beyond survey testing and practical experiments so there is no
public use beyond crossing the field to reach the university, meaning the marks placed
are unikely to be accidentally disturbed provided each is properly staked. Overall the
field is an ideal area in whidb conduct the testing.
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Figure 3471 The testing field looking back towards Baker Street

3.3.2 USEOFU S GB&ORS AS BASE STATION
USQ utilises the Anang@ORSas the base statidor the majority of the universities

RTK GNSS work. Given that Ananga is readily availadtel provides reliable base
station and radio link, thisagbeusedfor testingin preference to atandalonereceiver
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as the base stati@metup. As the survey mark (described as the Om mark firagare

3.1) is being treated aséhcorner or one end of the liteis the point fromwhich the

baseline is computedhereby artificially creating a independentccorned posi t i O
every round. Practically this means that the testing follows best practice
recommendatioas it simulatega new base pason for every rounaf testingensuring

that onebada mbi gui ty solution doesnét affect t
AR.

Ananga specifications:

- Software: Trimble GPS Base Version 2.5
- Receiver: NET R5
- Radio: Trimble TDL450H

3.3.3 UseoFU S 3 ocaL PLANE CO-ORDINATE SYSTEM

The USQ Local Planeco-ordinate system is based on the Ananga base station as a
central point and was used a checko establish the control within the survey testing
field. While it may be undesirable to work on two differentozdinate systes) for the

RTK observations and the TS measurementsJtB@ Local Planas aligned with the
MGA system so the only difference is the-@alinates of Ananga have been changed
from real world to base the local plane and USQ control. Therdinates of the UQ
control pointshave been reduced to ground distances so thierdmate system would

be appropriate for the TS testiagd provide an independent check for the base station

setup.

The implication of having th&/SQ Local Planeand a number of establigheontrol

marks on this system within the testing field would be thatreal worldlcod i nat es d
need to be carried into the testing field. This means that the atiad (Om) can be an
established USQ control point and to reinstate that point, ettisting marks can be

used as backsights.

3.3.4 EsTABLISH Control Array on USQ Local Plane

Therefore to initially establish the contrairay, an existing USQ control point will be
used as the Om and reinstated using other existing USQ control marks as l&cksigh
The TS will be setip on this mark and the testing marks will then be measureshdut

observed.
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3.4 RESOURCE PLANNING

The majority of testing will be carried out using the resources available from the USQ
surveying storeroom. Additional resources, sucleabrated TS, will be provided by
MinStaff Survey who, as the sponsor of this dissertation, have graciously agreed to
provide any required equipment that USQ does not previously own. This will mean that
no testing costs will be incurred and prevent teedto purchase the equipment

through the finance office.

If requests for equipment are lodge in a timely manner all equipment will be available to
use, therefore it is unlikely that there will ever be a problem with needing equipment

and not having acces$s it.

3.5 EQUIPMENT

3.5.1 FIELD TESTING
Trimble S8DR Plustotalstation( 1 6 & 2 mm + Zvplidated)ma c hi |
TSC3 handheld controller

4x traverseprisms

Multitrack LED prism

Trimble R8 GNSS receiver urand battery kits
5x tripods

Adjustable observation pole

Bipod

Tape measur@Bm and 50m)

p SN S S D N S S N %

& 1x2Dumpy pegs (or other suitable control poirgthd Gl nails or
equivalent
Marker Stakes

\ >\

A Sledge hammer

A Flagging tape

3.5.2 REDUCTIONS

A TSC3 handheld controller and connection kit

A Appropriate CAD software package either Trimble Business Centre
(TBC) or 12D

A Microsoft Excel software package
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Figure 357 Testing pictures of total station observation and RTK olagions

3.6 TESTING REGIME

The testing regimesection will give adetailed descriptiof the practices whiclvere
previously determined tobe used for the testing of short lines, referencing and
determining the minimum backsight lengtks stated inChapter 2 all testing will be
carried out in a manner that will alloveal world replicatiorand the practices to be
implemented align with the recommended best practices as outlined by the various
guidelines and5sP1 No measures will be taken to cteadeal observation conditions
thereby minimising the environmental impax this dissertationputside ofnecessary
actioni though a different approach will be considered

The methoddor testinghave been established from a combinatiofitefature articles

as well as industry standardsh e aut hor 6 s p racdnsukawn with a | e
experienced professions ancbnsultation with dissertation supervisor Mr Peter
Gibbings The purpose is to conduct this testing in such a way that it can be repeated at
will and is within the means and abilities of any surveyor to repeat in the real world
instance ofshort line observation, referencing and backsight length observa@dn.

couse the circumstances might vary however the processes and methods are entirely

repeatable.

When establishing the contratrayit will be critical to observe the network from an
independent survey mark that has a unique statiompseas this will verifythe

accuracy of the initial contr@rrayobservatios.
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