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ABSTRACT 

Real Time Kinematic Global Navigation Satellite System observations 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 

parties that 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. The aim of this 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 short line RTK 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 

conducted with regard to the survey standardsô accuracy referenced in the guideline and also compare the 

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 three elements 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 actually be. Moreover 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 minimum backsight 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. Finally it was found that RTK observations of significantly shorter lengths than recommended by 

the survey standardsô (640m) and adopted by some jurisdictions (120m) could still achieve the survey 

standardsô accuracy; it was found that the length fell to just 40m. This was found to be observable when 

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 well as the 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 aims were met and the instances where 

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

length was established. 
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ABBREVIATIONS &  NOMENCLATURE  

AR  ï Ambiguity Resolution (initialisation) 

B&D  ï  Bearing and distance 

CI  ï Confidence Interval 

CORS  ï Continuously Operating Reference Station 

CQ  ï  Co-ordinate Quality 

DGPS  ï  Differential Global Positioning System 

EDM  ï  Electronic Distance Measurement 

FL/FR  ï  Face Left/Face Right 

FOC  ï  Full Operational Capability 

GNSS  ï  Global Navigation Satellite System 

GPS  ï  Global Positioning System 

ICSM  ï  Intergovernmental Committee on Surveying and Mapping 

MGA  ï  Map Grid of Australia 

PDOP  ï  Position Dilution of Precision 

PSM  ï  Permanent Survey Mark 

RTK  ï Real Time Kinematic 

SBQ  ï  Surveyors Board of Queensland 

SF  ï  Scale Factor 

TBC  ï  Trimble Business Centre 

TS  ï  Total station 

USQ  ï  University of Southern Queensland 

ñSBQ guideline accuracyò and ñSBQ accuracyò actually refers to the accuracy reference made 

by the SBQ in the guidelines, which refers to the Cadastral Survey Requirements document 

released by the Department of Environment and Resource Management and referred to in 

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 Surveys to be used as the guideline for, as the name suggests, 

the use of RTK for cadastral surveys. The publication of this document resulted from 

the realisation that clarification was needed for the Queensland surveying community 

(under the authority of SBQ) regarding how RTK GNSS (referred to from here forth as 

simply RTK) technology was to be used in accordance with the specifications and 

practices required for cadastral surveys. Craig Roberts clarifies the misunderstandings 

of surveyors in the area of RTK in GPS for Cadastral Surveying ï Practical 

Considerations; 

ñThis has been due to a number of reasons suché. a lapsed understanding 

of geodesy, confusion about GPS surveying capabilities and best practice 

techniques, uncertainty over how to best utilise existing GPS services and 

infrastructure, lack of time/resources to invest into GPS surveying 

training, and for the cadastral surveyor uncertainty over what is 

acceptable practice to satisfy current survey regulations in their particular 

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

The term realisation that clarification was needed stems from 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 misunderstandings within the surveying industry about 

RTK limitations and actual use. This guideline is not explicit in many areas and does 

not feature empirically tested data to substantiate its processes and practices, 

particularly section C. Observation Techniques, section F. Grid and Ground Distances 

and section G. Connections and Radiations for which this research is concerned. This is 

due in part to the limited jurisdiction of the SBQ and the means by which they can guide 

survey practices. Overall this testing is necessary 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 to the errors associated with RTK 

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

of the limitations and use of RTK in the cadastral surveying process. In particular, 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 implemented. The use of RTK for cadastral purposes is considered a 

reasonably fledgling concept, as there is relatively limited research into the area and 

there is still much confusion and misunderstanding surrounding it. The fact that these 

misconceptions actually exist become apparent from the opening lines of the SBQ 

guidelines; 

ñThe Surveyors Board of Queensland has recently become aware of some 

issues with the use of GNSS/GPS, particularly Real-Time Kinematic 

(RTK), on cadastral surveys.ò 

What these issues are will be investigated in Chapter 2: Literature Review. 

As opposed to independent surveying works (works where the surveyor may not need to 

rely on others work i.e. 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 creates it; it becomes a distributable document (under the 

Trade Practices Act 1974, Part IIIA ï Access to services, Division 3) which others can 

and will rely upon in future instances. The lodgement of a cadastral plan can of course 

only be done by an endorsed cadastral surveyor of the SBQ. This concept worked well 

with total stations (TS) being the principal method of carrying out cadastral surveys, 

because while practices were not generally uniform throughout the industry per se, 

accuracy and precision were easily established, understood and all processes were easily 

repeatable. Now that RTK has been introduced into mainstream cadastral surveying 

there are greater misperceptions between practices, methods and results between TS and 

RTK. The problem that arises here is that there are not only problems with RTK 

observations themselves, but the cadastral database will be made up of a combination of 

TS and RTK data which is collected by through different practices and which may be 

inherently incompatible.  

Given these differences the SBQ guidelines needs to be reconsidered and extended to 

clarify certain issues more detail so that; 
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a) there can again be practice uniformity in regard to minimum acceptable 

practices throughout the industry, 

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 observe appropriate measurement techniques, 

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

purposes of RTK surveying 

These goals were met through the SBQ guideline which in a short overview were given; 

ñThis document is designed to provide a summary of overarching principles 

that should govern how surveyors go about this task [use 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 guidelines. It is also designed to be read in conjunction 

with best practice guidelines such as SP#1).ò  

(Surveyors Board of Queensland, pg. 2, 2012) 

This basic description refers to the document as a ñsummary of overarching principalsò 

(Surveyor Board of Queensland, pg. 2, 2012) as opposed to prescribed methods and 

practices that all surveyors should follow. This inherently causes problems because as 

the document is only a guideline rather than an enforced code, some surveyors will 

continue to observe their own practices and discontinuity will remain between the 

information collected and shown on cadastral plans ï i.e. how one surveyor measures 

with RTK will be different to how another surveyor measures (this does not matter per 

se, so long as the methods are valid with respect to the SBQ guideline 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 areas regarding RTK use to varying degrees of detail ï especially when read in 

conjunction with best practice guidelines as intended. The SBQ guideline covers 

multiple areas, but to further clarify (and where necessary quantify) every section of the 

guideline would be a dissertation in-and-of itself. The main focus of this project is 

concerned with section C. Observation Techniques, in part section F. Grid and Ground 

Distances and in part section G. Connections and Radiations. As mentioned before the 
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guideline is non-explicit in many aspects due to the SBQ only being able to detail 

elements considered within their domain, so it is the intention of this dissertation to 

substantiate sections C., F. and G. with rigorously tested physical practices and 

empirical data. This 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 of confusion and measurements of different quality 

(accuracy, precision, time etc.). Therefore it is again the intention of this dissertation to 

clarify these elements of the guidelines so that it can be utilised and easily integrated 

throughout the surveying community. There will be some overlap with other sections of 

the guideline however it is not the intention of this dissertation to fully explore these 

concepts. It should also be noted that this dissertation will be carried out with respect to 

the other sections of the guideline to overall function in a manner indicative of the aims 

of the guideline. 

Observation techniques relate not only on the techniques a 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. This includes the main aspects this 

dissertation aims to investigate;  

 boundary line observations (referred to from here forth as short lines in 

accordance with the guidelines definition) 

 referencing (particularly observation time length) 

 backsight length (directly relating to TS) 

These 3 elements are common tasks a surveyor will  encounter in the conduct of 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  

 These three tasks will become the focus of this dissertation with the broad aim being to 

properly test and observe these in a manner which will provide the appropriate (accurate 

and precise) measurements and be applicable to real-world situations. But when these 

aspects are measured it is essential to understand just how good the results actually are, 

the obvious base of comparison being conventional methods; comparative to TS. When 

considering what answers will be generated in the end there must be a standard that 

surveyors can strive 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 the requirements of the SBQ for utilising RTK GNSS in 

cadastral surveys.  Furthermore given that TS observation quality is generally accepted 

to be more accurate than RTK over short distances (Gibbings, 2013) ï and it is the 

conventional method for cadastral surveys ï for the purposes of this dissertation it will 

be used as the standard against which to compare the RTK results; i.e. the observations 

will be of or not of TS quality. TS observations will be the base of comparison as, along 

with RTK, it is the most commonly used method of distance observation and the most 

common mean of performing cadastral surveys (it is essentially appreciated there will 

be differences between RTK and TS). Therefore there will be two quality standards, the 

absolute minimum standard to perform a cadastral survey as defined by the SBQ 

guidelines and the more rigorous TS quality standard. 

¶ Short Lines; 

Short lines generally refer to observations from one boundary corner to another. In all 

observations, whether by TS or RTK, there are inherent errors present which cause 

inaccuracies in the true (accurate and precise) position of the point. This ambiguity itself 

is a function of the errors in the observation; ranging from the propagated errors of the 

manufacturerôs specification errors (measurement limitations), human errors, 

observation method errors and systematic, gross and random errors.  

More specifically when considering RTK, the error of the observation will be a function 

of the ambiguity solution and environmental factors (multipath, ionosphere, troposphere 

etc.). All of these combine to create an error in the line of observation, a result affecting 

both the bearing and the distance. For RTK this ambiguity is manifested in the position 

of the point itself (error ellipse) and propagates between the two ends of the line to 

create an overall error. In TS this error manifests over the length of the line itself from 

an initial accuracy error given by the manufactures specifications combined with an 

error over the distance measured (i.e. 3mm + 3ppm). The accuracy error of a TS is of a 

lower magnitude than RTK over short distances, though the error increases in relation to 

distance (+ Xppm), so RTK will provide better results over long distances. 
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Figure 1.1 ï Referencing diagram (Gibbingsô, 2013) 

The concept behind testing short lines will be to determine what is the minimum length 

of a line that will be of similar accuracy to TS observed line, and hopefully, surpass the 

survey standardsô accuracy; i.e. SP1 or Cadastral Survey Requirements. Practically, 

determining this will be critical for the; 

 re-measurement of existing short lines 

Á so that distances similar to convention method accuracy are 

observed 

Á so that cadastral plans are not falsely challenged/changed 

 and the determination of new boundary lines 

Á so that true bearing and distances (B&D) are given 

Á no incorrect observations on plans are lodged 

When TS and SBQ guideline accuracy is met, this will become the minimum distance 

and observation technique a surveyor should observe when measuring short 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 similar to referencing or 

c) observed by convention methods. 

¶ Referencing 

Referencing refers to the measurement of a point, usually a corner mark, to reference 

and/or reinstate marks within close proximity to that cadastral mark. Generally these 

marks are less than 10-20m away and are used to verify the accuracy of an existing 

mark, for corner referencing and to assist in reinstating corners. There is no industry 

standard that defines within what proximity a mark must be to a corner to be called a 

reference mark, however for the purposes of this dissertation it was accepted to be up to 

20m. This was chosen as any length greater than that 20m can be considered within the 

range of short lines (i.e. a boundary line).  
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Figure 1.2 ï A referencing diagram where SP represents the corner itself while PSM, Pin, Ref Tree and PTR 

represent the marks that would be observed to reference and reinstate SP (Gibbingsô, 2013) 

It is similar to the concept of short lines however when referencing errors are 

accentuated by the short length of the baseline as opposed to being distributed over 

greater lengths. Contrary to short line observations, 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 tends to lead the greater convergence of measurements around that 

true value (explored in Chapter 2). Note; while 2mm positioning error is still 2mm 

positioning error over 5m or 5000m (especially when bearings are a function of 

distances in RTK observations), that 2mm will have a much greater influence on the 

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

 

Figure 1.3 ï A diagram illustrating the impact 2mm error has on closed figures or 5m and 100m lines 
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In short line observations a surveyor is able to measure longer minimum lengths so as to 

achieve the survey standardsô recommended accuracy ï where anything that falls under 

that minimum distance can be achieved by conventional methods, in the case of 

referencing the surveyor will be measuring the very short distances, therefore being 

unable to simply move further away to stretch out errors (thereby creating better closes). 

The thought process in this case is that surveyors will accept errors in the B&D of the 

observed short lines however 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 method, time, process and equipment. Essentially a surveyor is not able to 

change the minimum distance so the question of how to reference with RTK transitions 

to what can be changed to improve results? 

¶ Backsight Distances 

When establishing the orientation and scale for a job in the local plane, appropriate 

backsight/s of a suitable length must be observed to. This task is absolutely critical to 

re-establishing the survey azimuth and, especially in regard to RTK surveys, scaling the 

RTK measured lengths to the survey plan lengths (i.e. real world). This task is related to 

short line observations to some degree however BS lengths essentially must be of a 

greater degree of accuracy so as to correctly establish the survey. More so than 

referencing or short lines, the horizontal bearing aspect of measurements is of critical 

importance here as it will establish the orientation of the survey. Moreover if the current 

cadastral survey needs to be scaled from one co-ordinate system to another ï or between 

TS and GNSS ï the distance observation must be true too. The general rule when 

establishing a survey is to utilise the longest backsight available ï between good marks 

ï thereby minimising the B&D errors as much as possible. This however is up to the 

discretion of the surveyor and the longest line might not necessarily be chosen as 

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 regards to observation techniques and indeed 

the application of RTK for cadastral surveys. As mentioned 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 dissertation however 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 A IMS  

The overall aim of this dissertation is to physically test the three outlined surveying 

tasks; short line observation, referencing and minimum backsight lengths so as to 

determine the minimally acceptable practices and values of observation these entities. 

This dissertation will carry out testing in accordance with reasonable professional 

practice (as outlined by the Surveyors Board of Queensland ï Code of Practice 

(Surveyors Act 2003)), discussed in greater depth later. Moreover the aim of the actual 

testing is to achieve SBQ guideline accuracy for the use of RTK GNSS for cadastral 

surveys and determine whether RTK can in fact achieve TS standard similar observation 

accuracy. Essentially the testing will result in the empirical determination of how and 

when RTK is applicable and its limitations. 

1.4 RESEARCH OBJECTIVES  

 To determine empirical results that will definitively establish what practices 

must be employed to achieve SBQ guideline and determine whether TS similar 

accuracy can be achieved with RTK 

 To produce data which can be justified and substantiated so that this dissertation 

will have a basis in common practice ï 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 practice so 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 

non-explicit and unquantified areas of section C. Observation Techniques, 

section F. Grid and Ground Distances and section G. Connections and 

Radiations of the guideline with empirically tested data 

1.5 RESEARCH SCOPE AND L IMITATIONS  

As was introduced in section 1.1 The Problem this dissertation specifically target 

aspects of the SBQ guideline; section C. Observation Techniques, section F. Grid and 

ground Distances and section G. Connections and Radiations. It is therefore the 

intention to only research and produce data relevant on these sections, which can be 

directly integrated into these sections to supplement it (not necessarily redefine it). 

There is the allowance however that there will be overlap into various other sections of 

the guideline in the course of this research, work and testing and perhaps even into other 
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areas of surveying. While this 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 benefit of 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 extensively test the 3 entities; short line observations, 

referencing and minimum backsight lengths. The 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 concepts outside the scope of this dissertation include, but are not limited to (this 

is by no means an exhaustive list); 

 Undertaking cadastral surveys 

 Cadastral plan creation and lodgement 

 GNSS operation ï refer to manufacturersô specifications 

 Error minimisation 

 Ambiguity solutions 

 Geoid and ellipsoid models 

 Co-ordinate systems 

 Ideal observation conditions 

 Control establishment 

 Control array establishment 

 Equipment calibration, testing and maintenance 

 Equipment validation 

 Differential Global Positioning System (DGPS) 

 Legal traceability of measurements and survey integration 

Consideration has been taken to limit the scope of this dissertation as much as possible 

to ensure it is clear and focussed, and that it is not used outside of its intended purpose 

(refer to Limitation of Use) though there may be some instances where this dissertation 

is applicable. It must be stated that the scope of this project is to directly test short line 

observations, referencing and minimum backsight lengths in regards to clarifying 

section C., F. and G. of the SBQ guideline with empirically tested data that meets the 

SBQ guideline standards for practice, reasonable profession practice standards and 

where possible, will be applicable to real world situations that can be reproduced. This 
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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 of the aims and objectives this research, regardless of 

the outcomes, will make a meaningful contribution to the professional surveying 

community in accordance with the objectives of courses ENG4111 and ENG4112. The 

intention of this dissertation is not to be privatised or kept as an óin-houseô practice but 

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 understanding of RTK use for cadastral 

purposes throughout the industry and to a degree, standardise the methods by with 

surveyor undertake this task.  

1.7 I MPLICATION S 

1.7.1 CONSEQUENTIAL EFFECTS 

As professional we must consider the impact we leave on society and the environment 

in the course of our professions and lives. With sustainability and preservation in mind, 

we should in no way disrupt, destroy, corrupt or endorse unsustainable practices, and 

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

We do accept that in some situations where we will have an impact and we accept 

responsibility for that; however it is also our responsibility to find alternative less 

impactive methods, observe best practices and perform our work in a 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 co-operation from the public and can be carried out solely 

without impact. Moreover the given project objectives will in no way will cause 

disruption or change within society. This work is designed for use by cadastral 

surveyors, not the public therefore even the knowledge 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 actual methods 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 be very minimal 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 adhere to under 

the requirements of their professions respective Code of Ethics/Conduct/Practice. It is 

therefore the intent of this dissertation to follow the standards as prescribed by the 

Surveyors Board of Queensland ï Code of Practice (Surveyors Act 2003). Importantly, 

in line with adhering to this Act, no work or impact can take the reaction of ñitôs not my 

worry ifò, ñitôs not illegal ifò or ñsomeone told me toò; I must take full responsibility for 

actions resulting from this dissertation and in no way act in a manner 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 practice. Reasonable 

professional practice is the expected level of professionalism and knowledge to be 

displayed by a surveyor throughout the due course of his work. It represents not the 

maximum ability or the minimum ability, but rather what the average, qualified 

surveyor would be expected to do in the given situation. Because reasonable 

professional practice represents average ability there is some degree of freedom as to 

the choices that can be made. It provides the legal basis within which the surveyor 

should act 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 throughout the testing regime and SP1 to 

which it refers. Moreover, when conducting this testing the SBQ Code of Practice will 

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 accepted on the basis that it was carried out 

with due care and regard. 



 

27 

1.9 CONCLUSIONS 

The need to perform this dissertation arises from a fundamental misunderstanding 

within the surveying industry regarding the 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 

non-explicit in many areas. One particular area where it failed to fully establish a 

complete guideline was section C. Observation Techniques, section F. Grid and ground 

Distances and section G. Connections and Radiations. This is not to say that the 

guideline is deficient per se, however this dissertation 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 required to complete a full cadastral survey, 3 critical tasks 

that are commonly misunderstood were identified. 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 the intention of this dissertation to explore these elements through field 

testing and reductions and definitively prove how these should be conducted in real 

world situations. More accurately, these elements will be explored to determine whether 

RTK can be used for cadastral purposes, and moreover, how and when it should be 

applied. The aim is to provide this through empirically tested data and by following 

reasonable professional practice as outlined by governing bodies, so that this testing is 

applicable to the real world and replicable. By 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 standard of how to 

use RTK (in regard to the 3 tested elements) to adhere to so as to achieve observational 

accuracy which meets the SBQ guideline and that is ï or may be ï similar to TS quality 

data.  
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CHAPTER 2: L ITERATURE REVIEW  

2.1 I NTRODUCTION  

This chapter is primarily concerned with establishing the existing background 

information for the use of RTK GNSS for cadastral surveying, to define reasonable 

professional practice (as this dissertation is very much focussed on this concept) and to 

identify any and all other information that may be relevant. Moreover this literature 

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 came from. Moreover the literature will provide a reliable and 

traceable base, consistent will recommended best practice techniques. The literature 

review for this dissertation will be somewhat different from others as rather than trying 

to define a new idea, development, 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 catch up 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 Techniques, section F. Grid and ground Distances 

and section G. Connections and Radiations. As these sections of the SBQ guidelines are 

the information around which this dissertation is built, it is critical that these sections in 

particular are analysed in depth. This will basically establish what practices and 

methods the SBQ recommend and what areas in particular need to be expanded. This 

will help to identify what exactly needs to done, though not necessarily how the testing 

regime would go about achieving which is why further research will be done into 

literature regarding this, particularly Standards and Practices for Cadastral Surveys 

(SP1) and the newest version of SP1.  

The objective of this dissertation is to align all testing with reasonable professional 

practice therefore this concept needs to be defined too. Because this dissertation will 

eventually be submitted to the SBQ for their internal review, it is obviously prudent to 

conduct all testing in a manner indicative of their guidelines and practices. 
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2.2 RTK GNSS FOR CADASTRAL SURVEYS;  SURVEYORS BOARD OF 

QUEENSLAND 

As introduced in Section 1.1, the SBQ guideline was created to bring attention to many 

of the common errors in practices that cause misunderstandings about the use of RTK 

and result in poor if not inaccurate field observations. The guideline is intended to be 

read in conjunction with best practice guidelines rather than be a stand-alone document. 

Overall the guideline does provide useful information to surveyors on how to conduct 

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 on the information provided within the guideline is that it is only an 

interim document for the time being, with more detailed version to follow. Given this 

premise, this dissertation will begin to supplement the guidelines particularly focussing 

on section C. Observation Techniques, section F. Grid and ground Distances and 

section G. Connections and Radiations. 

Referencing sections C. Observation Techniques it is apparent that only the base work 

for this section has been laid as the section only covers about half a page. This section 

briefly outlines some of the absolute minimum requisite standards a surveyor needs to 

achieve for an accurate survey to be undertaken before moving onto base station 

positioning and co-ordination. In this brief overview, the guideline mentions that a fixed 

ambiguity solution must be achieved and that a fixed solution is required for all 

observations (initialisation loss and re-initialisation is accepted though) throughout the 

survey. The GNSS base station must be set on an appropriate control mark or with due 

reference to appropriate control marks, and the survey ï especially the base station 

position ï should be carried out so as to minimalize multipath (otherwise TS may be 

more appropriate) and comply with manufacturesô recommendations and specifications. 

Additionally it mentions that it is a matter of the surveyorsô discretion as to the 

surveying conditions with respect to the number of satellites used (a minimum of 4 ï 

which is required for initialisation), satellite geometry, DOPôs (suggested as not greater 

than 8), base station requirements, baseline lengths, elevation mask and expected point 

accuracy and precision. In the later section G. Connections and Radiations the guideline 

touches on some of the aspects of this dissertation however the information is 

unquantified and in regards to the guideline as a whole, it needs to be more descriptive 

than simply óuse professional judgement and discretionô. From section C., what can be 

taken away that is applicable to this dissertation is basically abiding by the suggestions 
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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 for base 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. 

Section F. Grid and Ground Distances indicates the need for cadastral plans to show 

ground distances (s48 (B), Land Title Act 1994 & Cadastral Survey Requirements, 

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 while this difference 

may be negligible over short distances, cadastral plans must show ground distances. 

Therefore regardless of the length of the observed line, it must be reduced to the 

horizontal distance at mean terrain height. Figure 2.1 shows the difference between 

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. 

Figure 2.1 - Ground and MGA grid distance comparison 

Paragraph 2 of section F. can, at this time, be disregarded as it is not the intention to 

conduct testing on a local ground-based co-ordinate system. Paragraph 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 typically be of the several centimetre level of accuracy. The guidelines 

link to the SP1 here stating that accuracy at 1ů was calculated to be 17mm and 2ů (95% 

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 guidelinesô recommendations, this leads to a minimum distance of 640m 

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 work of Janssen and 

Haasdyk, who found through their research, indications of significant benefits to 

accuracy from averaging observations over longer time periods (one or two minutes) 

and reoccupation (10-30 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 to section G. the literature does delve briefly into corner referencing 

and backsight lengths. Firstly with referencing; the guideline promotes a best practice of 

making checks between radiated points particularly when working over small distances. 

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 practice for referencing that can be conducted 

entirely with RTK (checks included) so that conventional methods arenôt additionally 

needed. Operating under best practices it would be possible to check the observations at 

a later time (allowing satellite geometry change) through reoccupation and 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 this issue it 

will be necessary to conduct a variety of tests so that the most appropriate method can 

be identified and used as the best practice. The guideline moves onto how to observe 

backsight lines where the guideline actually gives numeric solutions stating that 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 observed, the guideline does not define how it 

arrived at these quantities, nor how the backsights should be observed so that these 

intervals will be applicable. This is one of the gaps in the guidelines this dissertation 

aims to fill, and establishes the need for this testing. Finally reference trees, as outlined 

in paragraph 3 is beyond the scope of this dissertation per se, as this dissertation is 

focussed more upon actual observations methods however it should be realised that the 

guidelines recommendations should be followed. 

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

ideal RTK conditions or the conditions in which this guideline is appropriate (the 
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assumption being that it is universally applicable, dependent on the surveyorsô 

professional judgement). In general the guideline is given as the general guide to RTK 

use for cadastral surveys however a great deal of the guideline is given under surveyorsô 

discretion, it may be undesirable to use this in all situations. From the SBQ guideline it 

is can be concluded that a lot of faith is inferred to the surveyorsô ability to judge 

conditions and situations accurately. Much of the decision making process is given over 

to the surveyors discretion rather than based on situation standards or professional 

practices. Different conditions will obviously cause different observations and there can 

be a great deal of contrast between two separate cadastral surveys, even if both were 

completed to the standards of this guideline based upon the conditions of the survey. 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 with redundancies in 

observations (section A. General Requirements paragraph 3) and, moreover it is 

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 these are 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 followed where 

applicable in conjunction with best practices. 

While the SBQ has relied heavily on surveyorsô discretion, this is not necessarily an 

entirely bad concept. The purpose of the guideline and indeed this dissertation is to 

guide surveyors in their methods so they may achieve accurate observations rather than 

enforce a practice system. Every situation will be different and there may be cases 

where the guideline ï no matter how detailed and refined ï is not applicable. It is 

important to allow the surveyor to consider what must be done and if certain conditions 

can be met rather than giving an óall-inclusiveô standard.  

Therefore from the literature it is possible to conclude that the guideline, in its current 

form needs to be heavily detailed and supplemented before 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 

cadastral survey standardsô. The dissertation will focus on qualifying how to conduct 

short line observations, 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 will provide surveyors with the 

knowledge and guidance they require. 

2.3 RTK GNSS FOR CADASTRAL SURVEYSé. PLUS!;  PETER 

GIBBINGS  

The inclusion of this presentation within the literature review is a necessity given Dr 

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 and Dr Gibbingsô knowledge is well regarded; the 

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 guidelines ï although 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) and many issues not just GNSS specific. These 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 at mean terrain height as opposed to MGA 

grid distance is reiterated in much the same way as the guidelines. The benefit this 

section does provide though is the practical means of converting an observed MGA grid 

distance to ground distance, by conversion through the combined (height SF and grid 

SF) scale factor. 
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Figure 2.2 - Height play an important role in reducing a distance observed in the field to obtain the corrected distance 

on the ellipsoid (caption and figure Gibbings, 2013) 

The accuracy specifications given by SP1; 10mm + 1-2ppm (1ů) are then referred to 

though this is a significantly more rigid accuracy standard then was given by the SBQ 

guideline and would require a significantly longer line to be observed to achieve this 

accuracy. Gibbingsô extends this by stating that more accurate observations are possible, 

that 25mm at 2ů may be possible, which is consistent with empirical testings which is 

then provided. More evidence of this testing is provided by the work of Edwards et al 

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

Gibbingsô finds that accuracy to 1ů is not enough, it is better to look at the 95% 

confidence interval (2ů) however the remaining 5% and outliers should be remembered. 

This is a vexing predicament as at the 95% CI, 5 out of every 100 observations could 

potentially be erroneous, however if a 99% CI (3ů) was instead chosen, the acceptable 

accuracy may be too great. 

An important detail taken from this presentation though is the need to check for bad 

initialisations, which can occur in about 1 in 1000 initialisations. There is no way to 

initially tell whether the ambiguity solution is in fact bad, which is why the need for 

reoccupation and redundant observations are required (reoccupation recommended to be 

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

Finally Gibbingsô reiterates the findings of the SBQ regarding short line observation 

and the premise that better minimum distances then 640m (based on the survey 

standardsô vector accuracy 10mm + 50ppm) can be observed. The 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 and BS lengths 

greater than 200m, respectively. 

2.4 GPS FOR CADASTRAL SURVEYING ï PRACTICAL 

CONSIDERATIONS;  C. ROBERTS 

This paper covers a variety of aspects regarding GPS theory which are all obviously 

pertinent to the testing that will be conducting throughout this dissertation. More 

importantly though Robertsô work is primarily concerned with a similar theme as this 

dissertation so it should provide a great deal of relevant information. 

The first section refers to the importance of GNSS initialisation in the role of achieving 

cm-level positioning and 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 initialisation. It is important to 

remember that there is the possibility for bad ambiguity solutions periodically, and it 

would seem prudent, from Robertsô and Gibbingsô work, to loss initialisation and 

determine a new ambiguity solution between each set of observations (i.e. between the 

first observations and the reoccupation). Coupled with the information from section 1.4 

High Productivity Surveying, Robertsô states that ambiguity resolution (AR) in ideal 

conditions is correct 99.9% of the time, confirming Gibbingsô previous findings (1 in 

1000). It is recommended that a known point be observed to confirm the AR as a bad 

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 information on full 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 

ï being the checking that enough satellites will be available during a job ï has been 

considered obsolete. It is recommended that an RTK surveyor should always consider 

the best time to work and consider the obstructions in 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 chapter of Robertsô work focusses on some of the practical considerations 

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 location 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 a repeater) and critically, that the base is located in a multipath 

free environment. In particular regard to cadastral surveys Robertsô recommends that 

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. 

ñModern 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). Despite this 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 using a  total station or 

theodolite.ò (Roberts, pg. 6, 2005) 

Robertsô review of working under trees or high obstruction areas provides a good 

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 areas is beyond the scope of this dissertation it is 

important to consider the impact multipath/obstructions will have on 

measurements and plan accordingly ï this may mean using integrated surveys to 

complete works. 

The next few sections of Robertsô work actually looks at observation considerations. 

Section 2.3 Coordinating marks recommends the use of a tripod or other stabilisation 

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

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

Robertsô then reiterates the importance of observational rigor, by reoccupation of the 

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 angle of elevation above the horizon below which 

satellite signals are filtered out, usually due to atmospheric noise of that satellite signal 

or which are likely to be obstructed (Trimble, 2013). Robertsô refers to the NSW 

Surveyor Generalôs Directions (2004), No.9 GPS for Cadastral Surveys which 

recommends that an elevation mask of no less than 15° be used, so as to reduce the 

effects of systematic errors, namely tropospheric and ionospheric delays, multipath and 

complete signal obstruction. 

 

Figure 2.3 ï Elevation mask angle showing satellite signal travel through the ionosphere and troposphere (Roberts, 

2005) 

Figure 2.3 gives an indication of the need for a suitable elevation mask; as can be seen, 

the overhead satellite signal travels through significantly less atmosphere than the right 

hand satellite. Multipath is also a concern here as the signal may bounce off the ground 

or other reflective surface (particularly water) before reaching the base and receiver 

antennas thereby making the signal path length longer than it should be. Adopting the 

correct elevation angle is therefore critical. 

Finally Roberts explores a critical topic; grid vs ground distances needed for cadastral 

purposes which was previously examined in the work by the SBQ and Gibbings. 

Roberts doesnôt really go into any more detail than was previously found, and focusses 

on how RTK can be configured to work on a local ground co-ordinate 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 been produced in much the 

same fashion as it too is non-explicit in some areas and does not contain actual 

recommended procedures or methods in some sections. It does however contain 

information regarding the use of RTK specifically for cadastral surveys and the 

information will be critical in determining the testing regime. The ACT guideline sets 

out to develop a method to ensure that the survey information observed using GNSS 

technology conforms to the standard as required within the ACT which would 

obviously be different than Queensland. Interestingly the guideline provides notice to 

surveyors that under the Nation Measurements 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 

interesting as it would be the surveyorôs intent to use RTK exclusively (where possible, 

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, legislation may be changed to allow for exclusive 

GNSS use throughout a survey. 

The guideline is very shallow in detail regarding recommended observation techniques 

where it merely states the techniques acceptable for cadastral surveying and some 

performance requirements 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 preclude the use of well-established, good cadastral survey practice (working 

from the whole to the part; establishing a control framework for the project that is fit 

for purpose; ñrunning the boundaryò where appropriate and avoiding unchecked 

radiations). 

The guideline then provides some recommended best practices to observe when using 

RTK for cadastral surveys but these are mostly covered within SP1. Moreover these 

practices reflect reasonable professional practices, which is one of the major aims of 

this dissertation so these must be integrated to the testing regime. Following on, the 

guideline develops on these best practices for the purpose of RTK surveys. The ACT 

lists the accuracy expected at 2ů in the order of 20mm +2ppm which is much more lax 

then the survey standardsô accuracy. The elevation mask is again cited as a minimum of 
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13° - 15°. The need for an open skyview for the base station is reiterated as well as the 

need for a fixed AR. A new AR must be gained and it is advised that at least 30 minutes 

have passed before reoccupation of a point. Also the base station must be located in a 

low multipath area. 

Three critical points are introduced in this section which are important to remember in 

regards to the testing regime. Firstly is the recommendation that the receiver should be 

set to observe a 1-second 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 favour of the surveyor holding the pole and 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 transformation. And finally, it is advised that no observations 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 2.4. 

 

 

 

 

 

 

 

 

Figure 2.4 ï Minimum recommended RTK occupation durations (Surveyor-General ACT, 2012) 

This table gives an indication of the measurement techniques that should be 

implemented and this will form the basis of the testing regime. Similar to Gibbingsô 

research, this occupation duration overview shows the importance that is placed upon 

the correct observation of survey control and critical marks and the consistent with the 

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

topo observations. 

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

regards to using RTK; 
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Accuracy ς level of alignment to a datum, as realised by the physical survey control mark 
infrastructure 

Precision ï the spread 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 to the work of Janssen and Haasdyk, making aware to 

surveyors that the co-ordinate quality indicators provided by the rover are often overly 

optimistic and that the CQ indicators may report acceptable positions and observations 

even though a bad ambiguity resolution has occurred.  

2.6 NO. 9 GNSS FOR CADASTRAL SURVEYS;  SURVEYOR 

GENERALôS DIRECTIONS , NSW 

This direction again is much the same as the SBQ guideline and the previous ACT 

Surveyor-Generalôs directions, and outlines the recommended procedures for use of 

GNSS methods to undertake cadastral surveys in accordance with the Surveying and 

Spatial Information Regulation 2012 (SSIR 2012) and the Surveying and Spatial 

Information Act 2002 (SSIA 2002). As the SBQ guidelines, Gibbingsô and Robertsô 

work and the ACT Surveyor-Generalôs directions have already been reviewed, this 

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 a similar fashion as the Queensland and ACT guidelines so the 

importance of the guideline is in no way diminished. An interesting note though is the 

guideline stating that with increasing use of GPS surveying technology for cadastral 

surveys, the techniques involved 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 results in increasing 

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 only observe points for 2 minutes (at a one 

second data collection rate) to obtain an averaged position. The guideline through the 

work of the NSW Land and Property Information states that a 2 minute observation 

delivers huge improvements in 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 checklist covers all 

aspects of surveying practice from equipment to best practices and is a useful additive to 

the testing regime. As the testing regime is intended to test within certain parameters 

some of the points outlined on this checklist may be disregarded. A copy of the 

checklist will be included in the Appendix. 

2.7 STANDARDS AND PRACTICES FOR CONTROL SURVEYS (SP1) 

V1.7;  ICSM 

SP1 covers a range of surveying applications and is considered a comprehensive guide 

to surveying practices and methods. It was produced by the Intergovernmental 

Committee on Surveying and Mapping (ICSM) and is constantly referred to in 

surveyorsô code of practices and practice guidelines. In particular it covers sections 

regarding a) Standards of Accuracy, b) Best Practice Guidelines for Surveys and 

Reductions, c) Recommended Marking Practices and d) Recommended Documentation 

Practices. Of this manual, this dissertation is concerned with Part B, 2.6 Global 

Positioning System (GPS). This manual covers 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 base in SP1 and because SP1 

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

The relevant chapter and section of SP1 to be focussed upon here, Part B, 2.6 (with the 

condition of being read in conjunction with Part A) presents principles in general terms 

appropriate for GNSS surveying applications (seemingly of an all-purpose nature), not 

specifically RTK for cadastral purposes. This is probably due in part to the difference 

between each state and territoryôs cadastral regulations. Given the previous literary 

reviews which are based on the recommendations of SP1, 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 provide the basis of reasonable 

professional practice, for which this dissertation is concerned.   
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2.8 CODE OF PRACTICE - SBQ 

The SBQ Code of Practice is included briefly to verify that the testing in this 

dissertation will align with the practice requirements of the SBQ. This Code provides 

benefits for consumers of spatial information including survey services specifically, by 

providing public confidence in the record of surveys and in surveyors themselves. The 

Code is primarily concerned with the profession and public interest by establishing the 

distinguishing characteristics of a professional surveyor and their obligation to the 

public respectively.  

In regards to professional competence the Code requires a surveyor to abide by the 

principles and standards of professional practice and apply best practice, a standard 

which is covered by acting in accordance with the recommendations of the SBQ 

guideline and SP1 (this is the portion of the Code which is inherently related to this 

dissertation). The Code states that the surveyor must assume professional responsibility 

for all works carried out; the Code would direct the testing to be completed in 

accordance with best practices but that it is the surveyor responsibility to properly and 

appropriately implement this, hence 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 dissertation. 

2.9 CONCLUSIONS 

The previous sections of this chapter have analysed all the necessary literature that will 

be required to provide an academic, factual and reliable basis for this dissertation. The 

review of the SBQ guideline, the ACT and NSW guidelines and SP1 have justified the 

methodology that will be outline in Chapter 3, and the works of Gibbings and Roberts 

provide for the real world implementation of the testing regime. These findings have 

been found to be consistent with the standards and recommendations of SP1, for which 

all (except the SBQ Code of Practice) of the literature is concerned. 

Important aspects to be taken away from this chapter to be implemented into the testing 

regime are; 

¶ The requirement for a fixed ambiguity solution for all observations 

¶ Bad ambiguity solutions will be solved by reoccupation 

¶ Reoccupation of marks should be at least 30 minutes later with an independent 

AR 
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¶ The rover elevation mask angle shall be set no lower than 13° 

¶ A 1 second data collection rate using observation averaging will be applied 

¶ A bipod will be used to stabilise the rover for observations of 30 seconds or 

longer (in accordance with the Class-C requirements of cadastral surveys) 

¶ No observations shall be taken when PDOP exceeds 6 

¶ The base station will be placed with a clear skyview and with minimal multipath 

¶ The observed MGA grid distances must be reduced to ground distances at mean 

terrain height 

¶ The survey standardsô suggests accuracy quality to be 10mm + 50ppm (this will 

be identified as the SBQ guidelines accuracy) 

¶ The observation times should at least reach 2 minutes 

¶ Due regard to the RTK checklist identified by Surveyors Generalôs Directions, 

NSW 

The above factors will form the testing regime and 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 to any who wish to verify the results that the testing yields. 
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CHAPTER 3: M ETHODOLOGY  

3.1 I NTRODUCTION  

The intention of this dissertation is to physically test the 3 elements outlined in Chapter 

1; short line observations, referencing and backsight lengths, so that empirical data can 

be observed and referred to the SBQ for review. To achieve this, field testing must be 

completed so as to provide the data needed. This section will define the testing regime; 

how the findings of Chapter 2 have determined how the testing 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 M ETHODS 

3.2.1 OBSERVATION  LENGTH  

In terms of observing the marks that will be established for the purposes of testing, there 

are many different techniques of observation and a variety of equipment that can be 

used to do so. The marks that will form the points of observation will henceforth be 

referred to as the ócontrol arrayô, as the marks will be established and observed to create 

the control points for which RTK will observe. From Chapter 2 the guidelines 

recommend at least a 2 minute occupation on the marks and that a bipod will be 

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. However because the 

methods of observing these three aspects is essentially unknown ï and the aim of this 

dissertation is to establish a practice ï simply following one set of directions isnôt 

enough. The observation testing will therefore reflect the absolute minimum a surveyor 

can do to observe a mark, ranging upwards in rigor and incorporating the guidelines 

recommendations. Regarding RTK, different observation techniques are usually 

concerned with variable lengths of occupation as opposed to changing other factors, 

therefore the testing will range from very minimum rigor occupations to much greater; 3 

second observations to 180 second observations. 

Though the SBQ guideline does not prescribe a time length that marks need to be 

observed for ï the guideline leaves it open to interpretation, from other literature this 

has been established. While the NSW guidelines recommends that 120 second 
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observations are all that is required (as longer observations arenôt expected to provide 

substantial further benefit) the longest observation length will be set at 180 seconds in 

accordance with the authors professional experience (observed control points are set to 

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

2.4; as longer occupation times will yield better accuracy. Conversely however 

surveyors can do the absolute minimum required to observe a point which would reflect 

a 3 second topo observation. This is the default observation time set for feature 

observation (from the authorôs experience) and reflects the least amount of rigor to 

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 to measure a point via RTK. In accordance with 

reasonable professional practice it 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 choices will be 30 seconds and 60 seconds; 30 

seconds as from the findings of Figure 2.4, 15 - 60 second observations are 

recommended for lower accuracy occupations and 60 second observations are 

recommended for control marks. 

Therefore the four different observation times will be tested;  

 3 second observations 

 30 second observations 

 60 second observations 

 180 second observations 

The other aspect that must be considered in regards to the observations is the equipment 

used and how this will affect the results. In general RTK set up will consist of the 

receiver and pole (absolute minimum effort to reduce errors pertaining to movement 

during observations as this incorporates the human element), or include a bipod 

attachment (as recommended by the ACT guidelines) or use a tripod instead, depending 

on accuracy needs. This again has elements of absolute minimum and maximum ï 

where the least a survey can do is hold the pole rather than set up a reliable bracing 

system. 

Based on common workplace practices and the recommendations found through the 

literature review, observation equipment will either consist of a pole 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 observation times are so short, it was 

discounted. It is acceptable to not use a tripod for the testing, and use a bipod instead as 

this method will still achieve the required accuracy standard, as defined by the ACT 

guideline. 

Therefore testing will consist of combinations of equipment and observation times; 

 3sec ob. with held pole 

 30sec ob. with bipod 

 60sec ob. with bipod 

 180sec ob. with bipod 

This will be used to represent the range of how an average surveyor would go about 

completing an RTK cadastral survey in the real world. While it is conceivable that a 

surveyor might observe a mark for 180sec with a tripod, this dissertation aims to 

reinforce the flexibility of RTK over TS so speed and efficiency will be considered 

more important than more rigorous testing methods. 

Finally in regards to observations, it is mandatory as part of a cadastral survey to 

provide check and redundant observations so as to verify the accuracy of the survey. 

This is recommended in every article reviewed and will be adhered to here. It is not 

enough to simply observe all the test marks with 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 literature review, all guidelines rely 

on a 95% confidence interval, therefore enough data must be collected so as to create a 

normal distribution and so that erroneous outriding observations can be identified and 

excluded. To establish a normal distribution the sample size must be greater than 25, 

therefore all variable observation techniques will be repeated 30 times, each with a 

different ambiguity solution ï following the recommendation found previously. By 

observing each mark 30 times for each different observation time, this will collect data 

over a period of time, allowing the satellite geometry to change thereby satisfying the 

SBQ guideline requirements. 

Moreover it is crucial that all distances are measured in the intended order of the control 

array, having completed done this the process will be repeated. This will be done as 

opposed to measuring the same mark 30 times then moving on to the next to ensure 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 requirement. This will 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 L INE , REFERENCING AND BACKSIGHT LENGTH  

To actually conduct the testing it will be necessary to observe survey marks that have 

been established to meet the testing objectives of this dissertation and have suitable 

three dimensional co-ordinates. Therefore the actual requirements of the testing marks 

need to be established. 

3.2.2.1 REFERENCING  

It was previously identified in Chapter 1 that reference marks could be considered any 

mark less than 20m away from the corner mark, based on the authorôs professional 

experience and investigation of various cadastral plans. Commonly, reference marks are 

placed to directly reference that particular corner meaning the mark is within close 

proximity, i.e. 2m ï 5m away; or the mark could 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 connected to these surrounding marks, the 

surrounding marks become reference marks of the corner. The testing regime 

concerning referencing aims to provide a practice for observing reference marks and 

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 

ï 20m away from the corner, marks at these distances will be observed as well as 

several marks in between to more accurately establish where RTK would be applicable 

to corner referencing. 

Therefore the variable reference mark lengths will be established as;  

 2m 

 5m 

 10m 

 20m 

3.2.2.2 SHORT L INES AND BACKSIGHT LENGTHS 

Just like referencing, it has previously been established what the guidelines (from the 

various states and SP1) recommend as 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 (based on SP1) that only 

distances greater than 640m should be observed by RTK which would satisfy the 95% 

CI. However the SBQ guidelines and the work of Gibbingsô reference other 

jurisdictions believing that much better results can be achieved and significantly shorter 

distances can be observed with RTK; down to 120m, which these jurisdictions 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 

the RTK capability.  

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 the recommended 

distance, 200m and marks would be established to determine how accurately RTK can 

determine a backsight bearing and distance 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  minimum 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 absolute maximum capabilities of 

RTK for measuring short lines and BSôs. Therefore a 40m length will also be 

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 purposes. In 

particular regard to urban situations, boundary lengths donôt usually exceed 40m (in 

some cases the boundaries are less still) so 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 

would desire to use the longest BS possible and even when using TS, 40m BSôs arenôt 
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recommended. It may be found that 40m short lines can effectively establish the 

orientation for a cadastral survey, however the surveyor is still advised to 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 the observation methods and 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 unlikely that such a survey with these marks exists ï and it would take too 

long to search for one that did. Therefore the required marks will be established for the 

purposes of this dissertation (refer to Figure 3.3), as the purpose of this dissertation is to 

replicate a cadastral survey from a practical perspective. Overall this probably 

represents the best course of action as the marks will be established exactly as need be 

and it can be placed in an area where the marks will not be interfered with. This does 

mean however that the marks need to be placed and then measured. While this means 

that extra work will be involved in the testing regime, it does mean that the aim of 

comparing RTK to TS accuracy can inherently be accomplished as the control array will 

be established by TS. 

A consideration to be taken into account here is that the comparison of RTK and TS 

observations is not concerned with the co-ordinates of the observations but rather the 

measured lines (TS) and reduced baselines (RTK) to be compared. This reflects 

cadastral practice as cadastral plans show distances and bearings not co-ordinates at 

each end of the line. Therefore this means that the control array to be established does 

not need MGA co-ordinates per se, the co-ordinates can be arbitrary if desired. This 

would lead to the TS measuring on one co-ordinate system and RTK (of course) 

measuring on MGA. So long as the TS observes ground distances and the RTK GNSS 

observations are reduced to ground distances at mean terrain height there will be no 

trouble converting between the two systems and the primary analysis will be to reduce 
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both sets of observations to distances and bearing and forget the co-ordinates. It would 

be essential to ensure that the co-ordinate system used by the TS is aligned to MGA grid 

north however so that there are no bearing difference arising from the different co-

ordinate sets. 

Figure 3.1 ï Basic diagram of the control array 

3.3 TESTING SITE  

Before any testing can be started or indeed, before the control array can be established 

an appropriate location needs to be chosen to conduct the testing. From the findings of 

Chapter 2 this location must allow a base station to be established that has a clear 

skyview and where multipath will not affect the return signal from satellites to the base. 

It has been decided that all marks of the control array will be established manually as it 

is unlikely that the necessary marks exist already. This means that a 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 community interests.  

As the survey marks need to be placed for the purposes of this dissertation, it is critical 

that the marks will pose no safety hazard to the public and 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 driven flush at ground level 

with posting of each marks to identify the position, and the marks will be removed once 

testing is concluded. The environmental impact is harder to identify in this instance 

however overall there should be a very minimal impact. For testing purposes 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 provides over a hectare of open space within which 

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

photos). The area has some scattered trees and the USQ Student Village adjoins the 

field however there are no significant obstructions in the area that would affect a base 

station or rover (unless under a tree).  

Figure 3.2 ï Aerial photograph of the testing field (Google Images, 2013) 

Moreover the field has substantial existing survey control (on the USQ Local Plane) and 

the Ananga Continually Operating Reference Station (CORS) which 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 unlikely to be accidentally disturbed provided each is properly staked. Overall the 

field is an ideal area in which to conduct the testing. 
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Figure 3.3 ï The testing field looking towards West Street 

 

Figure 3.4 ï The testing field looking back towards Baker Street 

3.3.2 USE OF USQôS CORS AS BASE STATION  

USQ utilises the Ananga CORS as the base station for the majority of the universities 

RTK GNSS work. Given that Ananga is readily available and provides a reliable base 

station and radio link, this was be used for testing in preference to a stand-alone receiver 
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as the base station set-up. As the survey mark (described as the 0m mark from Figure 

3.1) is being treated as the corner or one end of the line it is the point from which the 

baseline is computed, thereby artificially creating an independent ócornerô position 

every round. Practically this means that the testing follows best practice 

recommendations as it simulates a new base position for every round of testing ensuring 

that one bad ambiguity solution doesnôt affect the rounds of testing completed with that 

AR.  

Ananga specifications: 

 Software: Trimble GPS Base Version 2.5 

 Receiver: NET R5 

 Radio: Trimble TDL450H 

3.3.3 USE OF USQôS L OCAL PLANE CO-ORDINATE SYSTEM  

The USQ Local Plane co-ordinate system is based on the Ananga base station as a 

central point and was used as a check to establish the control within the survey testing 

field. While it may be undesirable to work on two different co-ordinate systems, for the 

RTK observations and the TS measurements, the USQ Local Plane is aligned with the 

MGA system so the only difference is the co-ordinates of Ananga have been changed 

from real world to base the local plane and USQ control. The co-ordinates of the USQ 

control points have been reduced to ground distances so this co-ordinate system would 

be appropriate for the TS testing and provide an independent check for the base station 

set-up. 

The implication of having the USQ Local Plane and a number of established control 

marks on this system within the testing field would be that real world co-ordinates donôt 

need to be carried into the testing field. This means that the initial point (0m) can be an 

established USQ control point and to reinstate that point, other existing marks can be 

used as backsights. 

3.3.4 ESTABLISH  Control Array  on USQ Local Plane 

Therefore to initially establish the control array, an existing USQ control point will be 

used as the 0m and reinstated using other existing USQ control marks as backsights. 

The TS will be set-up on this mark and the testing marks will then be measured out and 

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, such as calibrated 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 the need to 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 access to it.  

3.5 EQUIPMENT  

3.5.1 FIELD TESTING 

Á Trimble S8 DR Plus total station (1ò & 2mm + 2ppm machine) (validated) 

Á TSC3 handheld controller 

Á 4x traverse prisms 

Á Multitrack LED prism 

Á Trimble R8 GNSS receiver unit and battery kits 

Á 5x tripods 

Á Adjustable observation pole 

Á Bipod 

Á Tape measure (8m and 50m) 

Á å12x Dumpy pegs (or other suitable control point) and GI nails or 

equivalent 

Á Marker Stakes 

Á Sledge hammer 

Á Flagging tape 

3.5.2 REDUCTIONS 

Á TSC3 handheld controller and connection kit 

Á Appropriate CAD software package ï either Trimble Business Centre 

(TBC) or 12D 

Á Microsoft Excel software package 
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Figure 3.5 ï Testing pictures of total station observation and RTK observations  

3.6 TESTING REGIME  

The testing regime section will give a detailed description of the practices which were 

previously determined to be used for the testing of short lines, referencing and 

determining the minimum backsight length. As stated in Chapter 2, all testing will be 

carried out in a manner that will allow real world replication and the practices to be 

implemented align with the recommended best practices as outlined by the various 

guidelines and SP1. No measures will be taken to create ideal observation conditions 

thereby minimising the environmental impact of this dissertation, outside of necessary 

action ï though a different approach will be considered. 

The methods for testing have been established from a combination of literature articles 

as well as industry standards, the authorôs professional experience, consultation with 

experienced professions and consultation 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 of short line observation, referencing and backsight length observation. Of 

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

repeatable. 

When establishing the control array it will be critical to observe the network from an 

independent survey mark that has a unique station set-up, as this will verify the 

accuracy of the initial control array observations. 






















































































































































































































































































































