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Abstract

In recent years there as been a move to the exéense of Geographic
Information Systems (GIS) software packages for st@rage of spatial data.
Much of the spatial data that is stored relatesetwices and other resources that
need careful management. Because of the increasiegof digital methods to
store and retrieve data a GIS, has become a poaafor achieving this. Data
that is used within the GIS is often captured udgBigbal Positioning Systems
(GPS) receivers because of their fast and effeatiethods of capturing the

relevant data.

A problem exists when data of uncertain accuracysisd within the GIS. This
causes problems for the end user who relies oalitigy to retrieve data that is of
a high accuracy. Each GPS receiver has its ownracies which depend on a
variety of environmental factors. The data capturgdPS can contain a number

of errors which will affect the accuracy of thealabllected.

This project investigated the accuracy of two Magprade Receivers that are
manufactured by Trimble, namely the Pro XR andXiomapping grade GPS
receivers. These two receivers were used to t@legi@s of observations on
Permanent Survey Marks (PSMs) of known positiore data collected was post-
processed a number of ways. The post-processingiméiestaken using one and
three bases. The use of varying base configuraitboss conclusions to be made
regarding how base station weighting can affectéisalts gained from post-

processing.
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Chapter 1

Introduction

1.1 Background

In recent years there has been a requirement fblicputilities and assets (i.e.
sewerage, electricity and telecommunication cabie$)e mapped. This is required
to ensure that new services can be integrated exitfting services. For this to take
place it is of utmost importance that the spabahtion of these features is recorded
to a high accuracy and within allowable tolerantesassist in efficient decision

making.

Global Positioning Systems (GPS) are continuallgvprg themselves to be an
accurate and cost effective method of recording ddta spatial nature, and in

particular mapping grade receivers.

GPS is an ingenious system that uses signals trdedrfrom satellites orbiting the
earth to position features on the surface of theéhedhe signals transmitted by
satellites are either code or carrier phase wagéhen Code signals are a very
complicated digital code, which is represented sscuence of “on” and “off” pulses
(Trimble 2006g). Carrier phase signals are wavelenthat are right-hand circular
polarised. Carrier phase signals are of two diffeveavelengths L1 and L2 (Natural

Resources Canada, 1993).

The GPS receiver on the earth’s surface ‘couneshtimber of wavelengths received
from a number of satellites. The GPS receiver ie &b compute the position on

earth by using trilateration. Results from thisqa®s can be displayed in real-time or
be post-processed. Real-time results use the paed satellite positions as a basis

1



to calculate the position on the earths’ surfacd esquire a radio link with the

roving receiver. Post-processed results requireatésh in software packages.

Since GPS receivers are being used to map a widge raf physical features, which
are most likely to be used within a Geographic dmfation System (GIS), the
accuracy of the spatial location of these featmessds to be known so there can be
some estimate as to the accuracy of the systemvasla. Often the data used within
a GIS comes from a number of sources, each of thege differing accuracies as a
result of their capture methods. By knowing theuaacy of the GPS receivers used
in the data capturing process the accuracy of ilfedan be determined as it is based

on the quality of the data it contains.

Independent testing needs to be undertaken in todegrify the claims made by the
manufacturer in this case Trimble. Independenirngswill develop techniques that
will not be biased to produce ‘favourable’ resufied as a result alter the quality of
the conclusions that prospective buyers may haaemfrom the results. Favourable
results refers to the fact that manufacturer's roaly test in conditions that are
known to give consistent results, which will lurensumers into a false sense of

security.

1.2 Research Aim and Objectives

1.2.1 Research Aim

The aim for this project is to compare the accuratyrimble’s Mapping Grade
GPS Receivers against the manufacturer's claimsgustatic carrier phase

observations.

1.2.2 Research Objectives

This project will undertake testing using the armphase observable. The testing
will involve receivers manufactured by Trimble, nalgnthe Pro XR and Pro XH.

Testing will involve varying baseline lengths anctigpation times. Post processed



results will be gained from single and multiple dadation post-processing. Base
station data will be obtained form the UniversifySmuthern Queensland USQ base
station (Ananga) and the Southeast Queensland (SHE@)al Reference Station
Network (VRS network). The zephyr antenna will als® used with the Pro XH
receiver. Results will be processed in Trimble Gates Office and Trimble Path

Finder Office; H-Star processing will be also cocted with the Pro XH receiver.

1.3 Justification

Justification for this project comes from the faélcat more infrastructure is being
mapped, and the location of these features neelds kmown, in order to fit within
client specified tolerances. It is important thdert specifications are met, so
planning and decision making that will be undertakg the client and associated
parties will be based on the best spatial datdaai For clients to receive the best
possible data it is important for the collectorgho$ data, namely surveyors, to know
the practical limitations of the equipment and sses used during the collection
and processing of this data. With these limitatikm®wn the surveyor is in a
position to be able to implement strategies to enagcurate data is collected while
out in the field. Further justification comes frdahe fact that there are a variety of
software packages and post-processing methodsiblaibs well as large variety of
mapping grade GPS receivers on the market. To etabuse data from a GPS
receiver within a GIS, the accuracy of that datadseto be of a set standard to
ensure that client specifications are met. If dataised and the accuracy is not
known the credibility of this data for accurateuitg planning will be diminished.

1.4 Scope of Research

The testing which the author will undertake will eth mapping grade GPS
receivers manufactured by Trimble only. The reamitkat will be tested are the Pro
XR, Pro XH and Pro XH with a Zephyr antenna. Testill be of a static nature;

receivers will be stationary during the observatregime. Data will be processed
using single and multiple base station systemscd3ng will be carried out using
Trimble Geomatics Office and Trimble Path Findefi€f Varying baseline lengths

and observation times will be used to validate i@nufacturer’s claims (refer to
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Appendices B and C) with respect to the accuradh@fcarrier phase observable. It
is also assumed that the basic concepts of GP®\sngvand usage are understood
by the reader, and as a result only difficult cqusewill be discussed in detail from

this point onwards.

1.5 Conclusion

This dissertation aims to compare the accuracy rahle Mapping Grade GPS
Receivers using carrier phase observations aganastufacturer’'s claims. It is
important that independent testing is undertakeansure that unbiased procedures
and reduction methods are used. By using indepénsting procedures and
reduction methods future users will be able to campghe author’s results to those
undertaken by other parties, and make an inforniexice regarding the practical

limitations of the equipment.

To ensure consistency between existing testing raddiction methods and the
proposed testing and reduction methods, a litezateview will be undertaken. A
literature review will reveal several concepts tivt be essential to the successful
completion of this project, such as.

* Manufacturer’s claims on the receivers

* Previous testing regimes, and

* Results from these testing regimes.

A literature review will be used to gain an undamnsling of existing published
testing procedures. The procedures that have loed fwill be critically analysed to
find some guidelines as to what a testing procedhoalld contain. A wide variety of
references will be perused to include the differoglions of what an optimum
procedure should contain. Once all the previousinggsprocedures have been
examined, a project specific regime will be destyteecompare the claims made by

the manufacturer.



Chapter 2

Literature Review

2.1 Introduction

The purpose of this chapter is to gain an undedgtgnof previously published

information regarding GPS receiver testing procediBefore testing of existing

products can commence, it is important to examirevipus tests that have been
carried out and the results that have been obtaiBgdundertaking a literature

review, ‘overlaps’ in the proposed testing procedaan be minimised. This will

allow results gained from this testing to be corapgatirectly with existing results.

The aim of this literature review is the give theader an understanding of the
concepts that are important to analysing the reshdt the testing will produce. The
literature review involved the gathering of inforthoa from a variety of different
sources, which were Trimble Navigation, The Uni&dtes (US) Forest Service and
Serr, Weber and Windholz. These sources have bseh to clarify the important
concepts. By investigating a variety of sourcess twill ensure that differing
opinions in the information published to date canréviewed and allow the testing
procedure developed for this project to be basea avide selection of previous

testing procedures.



2.2 Receivers being used

2.2.1 Pro XH Receiver

The Pro XH GPS receiver is capable of collectingtdr data. H-Star technology is
based on improved field and office software andté-$ost-processing, which is the
use of multiple base stations. H-Star data alloles teceiver to achieve post-
processed results within 30cm with the internakans, or within 20cm with the
optional Zephyr antenna. EVEREST multipath rejectitechnology is part of the
onboard software for this receiver. The EVEREST tipath rejection software
works by examining the polarity of GPS signals, athwill have right hand polarity
if undisturbed and left hand polarity if affectegl multipath (Chamberlain, 2002).
Multipath or the reflection of satellite signald akarby objects, causes inaccuracies
to occur with the calculated position. Since theelige signal does not take a direct
route to the GPS receiver, the number of wavelengthreach the receiver is
‘miscounted’. The counting of wavelengths is aregmnal part of using carrier phase
observations; the ‘miscounting’ of wavelengths teeanaccuracies in the calculated
positions. Sub metre accuracy can be achievedtivghreceiver in real-time, which
is useful in the field. See Appendix B for Pro XHe8ifications

Figure 2.1: Photograph of Pro XH Receiver



2.2.2 Pro XR Receiver

The Pro XR receiver is capable of real-time subrenatcuracy and is also fitted
with EVEREST multipath rejection technology. Théfelience between the Pro XR
and Pro XH receivers is that the Pro XR is unabledilect H-Star data or be post-
processed using multiple base stations. Post-pmedasarrier phase accuracy for this
receiver ranges from 30cm after 5 min of trackiateBites to 1 cm after 45 min of
satellite tracking, this is the accuracy claimedaby Trimble. See Appendix C for

Pro XR Specifications.

WUL‘,QL, [(Bssi
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Figure 2.2: Photograph of Pro XR Receiver

2.2.3 Zephyr Antenna

The Zephyr antenna is designed to track both L1 bBAdwave lengths. The
monitoring of both L1 and L2 wavelengths allows #ifects of ionosphere delays to
be modelled and errors minimised. This antennaatastsophisticated multipath

rejection technology and the ability to track lovewation satellite signals. These



features make this antenna ideal for data colledmoareas where satellite signals
may be degraded due to environmental conditionscrew thread allows for easy
mounting on a pole, tribrach or backpack. The zepimgenna will be used with the
Pro XH receiver. The reason this antenna is usstad of the internal antenna of
the Pro XH, is the increased accuracy that the yephtenna can provide. This
antenna cannot be used with the Pro XR receiver.

Figure2.3: Photograph of Zephyr Antenna

2.3 Grades of GPS Receivers

Currently there are three grades for GPS receiverghe market available for
civilian use. These are known as survey, mappingsource and recreational grade
receivers (Wisconsin Department of Natural Res@r2gé01). The main differences
in these grades are accuracy, price, memory anthpyiuse.



2.3.1 Survey Grade

Survey grade GPS receivers have the highest agcafathe three grades, with

typical accuracy of <2cm in real-time and after tgm®cessing can reach <lcm.
Typical survey grade receivers will have a purchasze of $35,000 to $70,000. The
primary uses for receivers of this quality are tgse mapping, surveying, stakeout
and vertical measurement. These receivers undemalksurements by using carrier

phase wave lengths.

2.3.2 Mapping/Resource Grade

Mapping grade receivers have reasonable accura@y ab 5.0m for either real-time
or post-processed corrections. $2,500 to $12,00€hestypical price range for
receivers of this grade. The main use of this kediype is, as its name suggests, for
mapping resources which is used to provide spafiatimation for GIS.

2.3.3 Recreational Grade

Recreational grade receivers are used by huntesiserfnan and other outdoor
activities where navigation is important. Typicateivers will cost up to $500 and
have and accuracy of up to 5 m after a real-tinmeection has been made. These
receivers are used predominantly to navigate sdfatk to a predetermined point

such as a cabin or deer hide.

Figure 2.4 shows the differences between the tlgreees of GPS receivers as
described above.



RECREATIONAL GRADE | MAPPING/RESOURCE GRADE | SURVEY GRADE

Primary Uses
« Mavigation: hunting: fishing: * resource mapping: navigation * resource mapping: site mapping:
camping: backpacking: hiking surveying: navigation (stakeout):

vertical measurement

Horizontal Data Accuracy

« 10 t0 20 m {no correction) e 10 to 20 m (ho correction) s <2 cm (real-time correction)
« 5 m (real-time correction only) « 0.5 to 5 m (real-time or post- + additicnal post-processing may
processing carrection) improve accuracy to <1 cm

Vertical Data Accuracy
+ not used to collect vertical data s 2 to 15 m (2 fo 3 Himes less * <2 cm (real-time correction)
accurate than horizontal data) + additicnal post-processing may
improve accuracy to <1 cm

Differential Correction Options
* no post-processing capabilities « post-processing all receivers + real-time all receivers

» real-time some receivers * real-time some receivers » additional post-processing to
improve accuracy all receivers

Type of Features Collected
» points only * points, lines and areas « points, lines and areas
(primarily used for point datal)

Option to Load Custom Data Dictionary with Feature Attributes

# unavailable at this time # all receivers | * all receivers

Option to Load Custom Coordinate Systems, Projections, Datums/Spheroids

* Some receivers | » gll receivers | » all receivers

Option to MNavigation Using Waypoints

# gall receivers # all receivers | » not practical for navigation
Time Required to "Lock on” to Satellites before Collecting Data

* 5 o 10 minutes * 2 to 5 minutes | » 2 to 10 minutes
Mumber of Data Points Collected/Stored before Download Required

* <1,000 | 10,000 to 50,000 | « »50,000

Training Requirements

* minimal * moederate | » advanced

Cost

s $200 to $500 | « $2,500 o $12,000 | « $35,000 to $75,000

Figure 2.4: The comparisons between the three grad®f GPS receivergSource: Wisconsin
Department of Natural Resources, 2001)

2.4 Past Testing Procedures

2.4.1 Testing by Trimble

Before Trimble is able to commercially sell produtd the public, testing needs to
be performed, so purchasers can compare the erpgoteracy of different models.
Trimble also undertakes testing using the varionigraas that are available for a
particular GPS receivefTrimble 2006e) Testing was carried out by setting an
antenna over a known mark and continually loggimg position over a period of
time. The receiver used during this testing was®e® XT receiver. A variety of
antennas were used with this receiver, namely rikexrial and the Hurricane and
Patch antennas. The use of external antennas astimp when testing GPS receivers

as standard receivers are often used with extamahnas to increase the accuracy
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of data collected. The increase in accuracy needsetdetermined, so that is why
testing is completed using external antennas. Beeotfithe zephyr antenna with the
Pro XH receiver can be used to see if there isiapyovement in the accuracy by
using an external antenna. This particular tes#isp involved static performance
under canopy and dynamic performance under cartdpwever, the testing of the

receivers under canopy and dynamic performancetigmportant to this project, as

the observations will be taken when the receivetasic over a particular mark.

Once the testing was concluded the Root Mean SqiRIS), and in particular
Horizontal RMS (HRMS) value was calculated. The kengdhe HRMS value the
better the relative accuracy. RMS error is usedetxribe uncertainty and summarise
the entire error distribution. The results of tlsting undertaken by Trimble are

shown in Figures 2.5 and 2.6.

Antenna configuration HRMS (63%) |
Hurricane 46 cm
Internal 51 cm
Patch (on groundplane) 78 cm

Figure 2.5: Static accuracy by antenna configuratio in open sky conditiong(Source: Trimble
2006¢€)

Antenna configuration HRMS (63%) Productivity |
Hurricane 203m 438%
Internal 209m 43%
Patch (on groundplane) 394m 63%

Figure 2.6: Static accuracy and productivity by anénna configuration under canopy(Source:
Trimble 2006e€)

Note: This testing also compared productivity af #mtenna configurations

Testing conducted under trees, once again requesvers to be set up over known
control marks. Even though this particular testoaked at performance under trees,
this project will not look at this aspect of GP$eawer testing. These control marks
were co-ordinated using a Trimble total stationtaDaas logged over an extended
period of time and reduced. To ensure that datarded is useful and will allow

conclusions to be drawn regarding receiver accuralsgervations were taken over
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the marks at the same time of day. By taking olzdems at the same time of day
this ensured that the environmental conditions\eme similar and will have the
same effects on observations. This is one of ttaegfies employed by Trimble to
ensure comparable data sets. The taking of obsangadt the same time every day is
not going to provide the same range of environnetdaditions that would be
encountered when undertaking normal field. Fieldlkwws normally taken at different
times of the day, as personnel and resources beawaiable for use. That is why
the testing undertaken by this project will visietvarious Permanent Survey Marks
(PSMs) at differing times that are more likely te b representation the actual
process involved in field work. This testing und&gn by Trimble has been helpful
in explaining how a testing regime is conducted,ibwf limited use because of the

testing done under trees and the dynamic testaigaths also completed.

2.4.2 Testing by US Forest Service

Similar testing procedures were used by the USdt@ervice to determine receiver
performance under West Oregon forest canopies (Gedain 2002). Testing was
carried out on 12 marks of known co-ordinates; oagain these marks were co-
ordinated using total station measurements. Afithe existing testing regimes that
have been found and examined have used conventoiahlstation to co-ordinate
the marks needed to test over. This will not beesgary for this project as the details
of co-ordinated PSMs will be gained from the Dempamt of Natural Resources and
Water (DNRW) survey data base.

Once set up over the marks, data was logged d@eafd position/second and 15°
elevation mask. Testing was carried out using bd#rnal and external antennas for
the Geo XT receiver. This was completed for theesa@asons as the testing regime
undertaken by Trimble; to see if accuracy impro2ata used for this testing was
collected over multiple days in order to obtainuttes under differing conditions.
This would allow researchers to compare receivefopmeance under the expected
conditions for this site. This testing method igywémportant in supporting the
testing procedure that will be developed for thisjgct. Trimble Pathfinder Office
version 2.9 was used to post-process the datactadleduring the testing phase.
Differential corrections obtained from the PortlaBthte University Community
Base Station (CBS) were used as the basis fordsiegrocessing.
12
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Figure 2.7: Results achieved from testing regime (®irce: Chamberlain, 2002)

Nelson is an open site with no obstructions, wBileckamas is a forested site.

The results gained were unexpected when comparethtr tests, as the internal
antenna produced higher accuracy positions themxternal antenna (Chamberlain
2002). A possible reason for these unexpectedtsesuthe differing nature of the
internal and external antennas. Internal antenmas dasigned to optimise on
accuracy, whereas external antennas are designedptimise on efficiency

(Chamberlain 2002). Both internal and external mmbe use Everest multipath
rejection technology, which works by examining tfaarity of GPS signals. The
internal antenna feeds GPS signals in a bandwiddh s designed to optimise
accuracy and the external antenna feed to designedmprove efficiency

(Chamberlain 2002). The testing procedure undemtdlyethe US Forest Service is
known as characterising a GPS receiver. This typesting determines performance
capabilities in given environmental and terrain diGons. This information will

allow data collectors to implement site specifioqgadures to ensure that client

specified tolerances are reached.
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2.4.3 Testing by Serr, Weber and Windholz

Serr, Weber and Windholz (2006) undertook theitingsregime to study which
receivers would be the most appropriate for varicesearch, remote sensing and
GIS applications. It is important to know the preat accuracy of GPS receivers
because their use in GIS applications is increasBRS data is being used to geo-
reference satellite imagery and aerial photograplesv imagery systems such as
Quick bird are able to achieve a spatial resolutib@.4 m per pixel. To ensure that
the geo-referencing is performed correctly the GB&ivers must be capable to
deliver results that are one half of the spatiabhation of the imagery. This makes
sure the each field observation is registeredeactrrect image pixel. The study was
conducted in and around the city of Pocatella, adarhe receivers used in this
testing regime were:

1. Trimble Geo XT with WAAS

2. Trimble Geo XT without WAAS

3. Trimble GeoExplorer Il

4. Trimble Pro XR

5. HP IPaq with Pharos Navigation software and antenna

Once again a number of pre-existing co-ordinatetkenaere chosen as the basis of
the testing procedure. Serr, Weber and Windholdg§2@hose control marks based
on their accessibility and visibility to GPS satel. This is partly relevant to the
testing completed as part of this project, as cbmtrarks have been selected based
on their accessibility. This was done to provide best conditions under which the
receiver could operate. These conditions reprabenenvironments that targets are
placed in to geo-reference aerial photography atellge imagery. Trimble Quick
Plan software was used to plan the observatiorog®riwhen the Position Dilution

of Precision (PDOP) was less than 5.0.

The data was post-processed using data from thieold&tate University GIS
Training and Research Centre’'s GPS CBS. Points weslected using
latitude/longitude World Geocentric Datum of 198¥GS84) datum. The receivers

used averaged 120 positions each of the ten tingesiarks were visited.
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These testing procedures emphasise the following pants which are important to
GIS database managers.
1. understand the differences in horizontal accurdatgined from various GPS
receivers
2. ensure co-registration of GPS acquired featuressatedlite or aerial imagery
3. determine the appropriate GPS receiver to use tigfysanapping scale

requirements.

This testing procedure shows the need to undemalependent testing to ensure that
the practical limitations of the receivers beingdigre suitable for the desired use.
The original reason for this was to study whichereers would be the most
appropriate for various research, remote sensirtg@$ applications. The main
reason why a variety of receivers are being teageg@art of the testing regime for
this project is because of the currently high usenapping grade GPS receivers in
the maintenance of spatial databases.

2.5 Post-processing GPS data

GPS measurements are effected by a number ofehtferror sources. These errors
affect the time for satellite signals to reach theeiver on the earths’ surface, and
thus the computed position is inaccurate. Many hefsé errors are due to the
limitations of the equipment and the environmenwhich the receiver is being used.
The types of errors in GPS measurements are $ateltrors, the atmosphere,
multipath, receiver error and selective availapilfTrimble 20069l Selective
Availability was turned off on™® May 2000 after the announcement from the White
house a day earlier (Collins, Hofmann-Wellenhof &Htenegger 2001p 17)
Satellite and receiver errors are a result of ermaithin the clocks used to measure
the time for the signals to reach the receiver.rE®ugh satellite clocks are very
accurate, there are still inaccuracies which leaértors in position measurements
(Trimble 20069l

Errors from the atmosphere and multipath are rasuttf the environment where the
GPS receiver is being used. Atmospheric error used as the satellite signals travel

through the various layers of the atmosphere; dielays the signals reaching the
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receiver. Since the distance calculation assuntesstant speed, the delay leads to a
miscalculation of the distancdrimble 2006yl Multipath occurs when satellite
signals bounce off reflective surfaces before rggrkhe receiver. This delays the
signals to the receiver, and also leads to a nuskzlon of the distance. Many
receivers now have sophisticated multipath rejacsoftware such as EVEREST
Multipath Rejection Technology, which allows theseors to be minimised. Carrier
phase waves are right hand circularly polarised, dnce reflected off surfaces
becomes left hand circular polarised. The softwarable to reject these reflected

waves and only allow the right hand polarised waeegach the receiver.

To remove these errors a differential correctiom dse applied to the GPS
measurements. For corrections to be made in meal-ta radio link is needed to
broadcast the corrections to the roving receiver.diferential correction is
calculated by setting one receiver as a base stakius receiver is able to compute
the actual time signals should take to reach itpgushe known position on the
ground that it occupies and the satellites’ positilb is assumed that since the two
receivers are usually close together the signate lravelled through essentially the
same atmosphere, and as a result the correctiensharsame. This differential
correction can be applied in real-time or be postgssed later in the office. Post-
processing can only occur if the roving and baagast are collecting data from the
same satellites at the same time, there must least four satellites in common
(Trimble 20069. Post processing uses data collected before dtet the
measurement was taken as well as the ‘actual’ iposdf the satellite to calculate
positions on the earths’ surface. Real-time pasiig is based on where the satellite
‘thinks’ it is and therefore positions calculatezhtain a certain amount of error due

to bias and drift within its orbit.
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2.6 Statistical Concepts

Accuracy and precision are two terms that will Bedithroughout the discussion of
the results achieved from the testing proceduesgetis some confusion over the use
of these terms since they are used interchange&uguracy and precision do
actually differ in their reference to measuremeAtcuracy refers to the agreement
between a measurement and the true or correct {aklevue Community College,
2005). The true or correct value needs to be knowable to be determined for
accuracy of any measurements to be discussed ahgead. Accuracy refers only to
the ‘closeness’ of a measured value and the expeetiee and makes no statement
regarding the ability at which these results canrégroduced. Figure 2.8 is an

example of accurate measurements.

Figure 2.8: An example of accuracy (Source: Flatims Surveying, Inc)

Precision on the other hand refers to the abilitywbich measurements can be
repeated. Successive measurements can be ‘far'tfrertrue value but still be close
together indicating low accuracy but high precisibigure 2.9 shows how precise
observations are closely grouped together. Wheerreasons are both accurate and

precise, their relationship to the true value (budlye) is pictured in Figure 2.10

Figure 2.9: An example of precision (Source: Flatons Surveying, Inc)
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Figure 2.10: An example of accuracy and precisiorSpurce: Flatirons Surveying, Inc)

Uncertainty is another term that will be used ia #tatistical analysis of the results
gained from the post-processing. Uncertainty is th&rval in which future
measurements are expected to be contained. Umtgriaiquoted by a confidence
interval, which states that a certain percentagéutfre measurements should be
expected to lie within a set amount from the tradug. A confidence interval is
stated as plus/minus some value from a centraleyalsually the mean of the data
being tested. For example if the confidence intesratated as 0.5m + 0.15m, means

that it can be expected that results gained wibhé&®veen 0.35 and 0.65m.

Confidence intervals are used to show what showdd ekpected if repeated
measurements are taken. A confidence interval esrédmge in which successive
measurements are expected to be within, at a greecentage of confidence. An
example of a confidence interval is representdéigare 2.11.

2.5%
2.5%
95%
N mear
lower upper
lirrit Lirrut

Figure 2.11: An example of a confidence interval (@irce: Flatirons Surveying, Inc)

The shaded area of Figure 2.11 represents a cao@deterval of ninety-five
percent. A confidence interval is usually centredw the mean value and is quoted

as values either side of the mean.
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2.7 H-Star Technology

H-Star post-processing is a method of post-proogs&8PS observations. H-Star
technology is a combination of advanced GPS receifield software with
sophisticated logging capabilities, and office wafte with innovative post-
processing capabilities (Trimble 2006a). This mdthses multiple base stations to
differentially correct measurements taken by treeinger while out in the field. The
three essentials for the H-Star system are:

1. Quality GPS data

2. PPA-driven workflow

3. H-Star post-processing

The GPS receivers used in H-Star processing arstramted to a high standard:
therefore the equipment is able to capture a bgtiality of GPS signals. Since the
GPS data collected is of a higher quality it isslékely to contain errors such as

multipath to the same magnitude as receivers that ave H-Star capabilities.

The PPA-driven workflow is another important featuof H-Star technology.
Predicted Post-processed Accuracy (PPA) is theracguhat can be expected once
the field data is post-processed back in the offltes feature allows the operator to
have confidence that results from post-processiily e able to satisfy client
requirements. PPA is based on antenna type, satglometry, the time lock has
been maintained on a minimum number of satellites that base stations used to
post-process the data will meet H-Star requirem@nimble 2006a). The PPA value
is continually calculated and displayed on the escref the data collection device.
Even though the PPA value is continually being afed on the data collection
device, it is of little consequence what value thesually is. The testing that was
completed during this project has used a varietghservation times, one of which
was based on the minimum time taken by the Pro &Rotlect enough data to be
able to be post-processed. This time was ten nsnutebe able to compare the
differences between the two receivers the obsenvadimes needed to be the same.
There is no such thing as minimum observation twhen using H-Star receivers,
because the PPA gives an indication of the accutatywill be achieved after post-

processing. When lock on satellite signals is tbetbest PPA achieved in a session,
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is the PPA of all post-processed points collectadng that time, when lock is

regained the PPA will be recalculated as duratidoak increases.

Figure 2.12: The TerraSync software showing a PPAalue (Source: Trimble 2006a)

To ensure that post-processed results are of thiepossible quality, the reference
stations used need to be of the highest qualite. qumelity of a reference station is
shown as a value known as an integrity index. Theasges range from 0 to 100, the
higher the value, the more reliable the referetagos is for use in post-processing

observations.

H-Star technology because of its PPA-driven womkflmakes data capture more
efficient; the reason for this is that the PPA aades the accuracy that can be
achieved once post-processing is complete. Wittlmiuse of H-Star, lock needs to
be maintained for extended periods to ensure tbst-grocessed results will meet
designated specifications. The PPA value is coatipcalculated and displayed on
screen and the operator is able to cease datatiatieonce the required PPA value

Is reached, thus saving field time.

H-Star post-processing used in project used thoeal Ibase stations. These base
were Ananga which is located at the USQ Toowoondmpuis, the other two base
stations are part of the VRS that is currently apeg in SEQ. The names of the
other two base stations are Caboolture and Rofiha.location of the three base

stations with respect to SEQ is shown in Figur&2.1
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Figure 2.13: Base stations used as part of H-Staopt-processing (Adapted from RACQ website)
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2.8 Conclusion

It can be seen that there are many similaritiethentesting procedures examined.
The main point is that a number of existing co-soatitd marks are chosen as
references to determine accuracy of the receivargyliested. The number of points

chosen is usually about twelve.

Another common factor is that testing is done wthlkereceivers are static and set up
over the mark for extended periods of time. The RMfies are always calculated
and used as a basis for comparison against maantgaciaims and other receivers.
A variety of receivers and antennas have been bgethe individuals who are
undertaking the testing observation regime. Dao&-processed from nearby base

stations that are continually monitoring GPS sl

Having reviewed the relevant literature regardingsteng test procedures and
recognising the similarities above, the author pegs to undertake a testing
procedure that will allow comparable datasets tqhmluced and allow statistical
analysis to be performed, to allow the various ireze to be compared with each
other. The next chapter will outline more specificghe extent of the procedure to
be used during this project. This chapter will metithe field and office procedures

and explain the observation regime that has beet tastest the receivers.
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Chapter 3

Testing Procedures

3.1 Introduction

This chapter explains the testing regime, field affcce procedures and stipulates
why these procedures were appropriate to this giojéne testing will be based on
existing testing methods as reviewed in Chaptem@®ather specific procedures that

will ensure that the project aim is met.

The aim of this chapter is to provide enough infation to the reader to allow them
to understand what the testing procedure involles; this was completed and why

this was done.

The testing procedure will involve setting variaeseivers over control marks with
known co-ordinates and logging GPS data for varyimg periods. Marks to be used
will be selected from the Toowoomba City and Gat&tiire regions and will consist
of co-ordinated PSMs. PSMs were selected on thds bak distance from

Toowoomba and accessibility. The DNRW databaseg wsed to gain co-ordinate

information for the PSMs chosen.
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3.2 Data Characteristics and Testing Overview

To allow statistical analysis to be performed erfbdgta needs to be collected for a
period of time that can be considered to be a sgmtation of the expected operating
conditions. The data collected needs to be conlpatilith the software packages

used for the processing of data. This should na peoblem as Trimble Pathfinder

Office and Trimble Geomatics Office are designegbriocess the data files that the
receivers will output. The output from the recesvés an un-corrected file in the

.SSF file format.

The receivers that will be tested, namely the Ttex®ro XR and Pro XH, will be

stationed at each mark and data will be logged ratea of one position per second
until the receiver indicates it has logged enougta dor an adequate fix. Time taken
for the receiver to record enough data for an aateqgfix depends on many factors
such as satellite geometry and environmental cemditsurrounding the receiver
whilst in use. The time taken for the Pro XR reeeito log enough data is indicted
by a message shown on the screen of the datatomtietevice, in this case a Recon.
The message shown on the screen of the Recon wamiteites. Ten minutes was
therefore also used with the Pro XH receiver, etrenugh this receiver is able to
collect H-Star data and there is no such thing asnmum time required for an

adequate fix.

Further testing will be carried out to test claimgarding accuracies as observation
time increases. GPS data will be logged for a pleab forty-five minutes at one
second epochs at the same mark with the Pro XHverceOnce data has been
collected and downloaded, the data will be proakssgng Trimble Pathfinder
Office and Trimble Geomatics Office. Data will beopessed at ten, twenty and
forty-five minutes and statistical analysis will performed after the processing of
each lot of data. This will allow conclusions to th&wn regarding the changes in
accuracies as observation time increases. Thefud®servation times of twenty and
forty-five minutes are based on the manufacturaintd as stated on the data sheets
for the relevant receiver. For the Pro XH the mantdrer makes the following

claims as shown in Table 3.1 more specific infororatan be found in Appendix B.
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Table 3.1: Manufacturer claims for the Pro XH

Post-processing Method Accuracy (HRMS)
with internal antenna 30cm
H-Star processed with optional zephyr
20cm
antenna
with 20 minutes of
. . 10cm
) satellite tracking
Carrier Post-processed
with 45 minutes of
1cm

satellite

Table 3.1 also shows the expected accuracy whey tise zephyr antenna; this is
why this project will test this antennas operatittrcan be seen in Table 3.1 that as

observation time increases so does the accuracy.

3.2 Observation and Post-processing Regime

This section will explain the observations takendagh receiver configuration and

which software programs will be used to post-precHse data collected. The

observation regime used for the project is showhahble 3.2.

Table 3.2: Observation Regime

Software
Bases
Packages
1 3 PFO| TGO
Pro XH minimum | minimum v v
(Internal) minim_um/ minim_um/ v v
varying varying
Pro XH +
Zephyr minimum | minimum v
Pro XR minimum NA v
(Internal) | minimum NA v
Toowoomba
Gatton

Table 3.2 shows that three different receiver cpmitions have been used in this

project. The three receiver configurations usedfad’ro XR and Pro XH with their




respective internal antennas and the zephyr anteithahe Pro XH. The minimum

observation time was ten minutes, which is basethertime taken by the Pro XR to
‘collect’ enough data to calculate an adequateTixs time was also used with the
other two configurations. Two other times will albe used to test the receivers,
which were twenty and forty-five minutes. The twemhinute observations were
gained by deleting the last twenty-five minutegdbrty-five minute data file. These
extended observation times will use the Pro XH ikezeonly and be carried at the
marks surrounding Gatton. The exact testing camigd each receiver is shown in

the following subsections

3.2.1 Pro XR Testing

H-Star post-processing will not be carried out witle Pro XR receiver as this
receiver is unable to collect H-Star data. The Rroreceiver will be used to take
minimum time observations on all the marks (reteAppendix D for list of PSMs

used) and no extended observations will be cawigtdusing this receiver. These
observations will be post-processed using Pathdfi@ffice. Single base station
post-processing will be carried out using baseastdiles from Ananga only.

3.2.2 Pro XH Testing

The configurations using the Pro XH receiver wil post-processed using single
base station and H-Star methods. This will allomgle base and H-Star methods to
be compared to see which is able to provide morsistent results. This receiver
was used to take both minimum and extended timersasons. Minimum time
observations were conducted over PSMs, both at ®oowa and Gatton. On the
other hand extended time observations were onlentakver Gatton PSMs.
Observations taken using this receiver with theerimal antenna will be post-
processed using Trimble Path Finder Office and BknGGeomatics Office
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3.2.3 Pro XH and Zephyr Antenna Testing

The zephyr antenna will be used to compare theracgulifferences between the
internal antenna of the Pro XH and the zephyr ar#ge@bservations taken with the
zephyr antenna will only be of the minimum timeteh minutes and over the Gatton
marks only. Observations taken with the zephyrrardaewill be post-processed using
Path Finder Office only.

3.3 Field Procedures

The first step in the field procedure was the sssftg location and identification of
the PSMs to be used during testing. This ensuradwhen testing was completed,
the marks can be quickly and reliably located ahd tight mark used. Once
individual marks had been located, the receivenewsetup on a stable platform in
this case a tripod.

Figure 3.1: Photograph of Pro XR setup over a PSM
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The receiver remained on the tripod during the rentbbservation period.
Observations were taken over a number of daysstisgecould not be completed in
one day. The minimum time observations were coragdléirst using the Pro XR
receiver and the remaining observations were taken subsequent days. Table 3.3

shows the date when each receiver configurationtessd.

Table 3.3: Observation Dates

Receiver/Marks Date
Pro XR/Toowoomba 7 July 2006
Pro XH/Toowoomba and Gatton 10 July 2006
Pro XH (extended)/Gatton 11 July 2006
Pro XR and Pro XH with Zephyr
12 July 2006
Antenna

Minimum time observations will test the ability thfe onboard receiver software to
determine when sufficient data has been logge@&nsure that the post-processed
accuracy will be within manufacturers’ claims. Ended observations will determine
whether there are any changes in accuracy as @bsertime increases. Results
from this testing have been compared with claimsdenan the equipment
specifications. The optimum observation time fdicednt data collection can also be
determined, but this is outside the scope of thagept.

3.4 Office Procedures

Once the data had been collected in the field, as wost-processed using two
different software packages: Trimble Pathfinderi€affand Trimble Geomatics
Offices (refer to Appendix F for Trimble Pathfind®ffice post-processing settings
and Appendix G for Trimble Geomatics Office projgebperties and processing

style).

These software packages were used to apply therehifial corrections used in post-
processing. The differential corrections appliedhrsy software packages came from
base station files at USQ Toowoomba Campus and U&& from Robina and

Caboolture. Since data being logged by the receiigeat the rate of 1 position per
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second, data from the base stations was also logggtids rate. This happens to be

the standard logging rate at the base stationstogauolt-process the data collected.

Data from the minimal time observations was postpssed from Ananga, because
of the ease of access to base station files. Thengabaseline lengths have allowed

changes in accuracy to be seen as the baselind lemanges.

Data from the extended observations of the proeedere processed using the same
procedure as the minimal time observations. Daienfthe 45 minute block have
been processed after twenty and forty-five minutes, according to the
manufacturer’s specifications. A twenty minute ddeawas gained by removing the
last twenty-five minutes of a forty-five minute dil This processing has allowed
changes in accuracy to be seen and compared asb#@svation time increases.
Since this data was logged with the Pro XH, tha e&s processed using both single
and multiple bases. The processing for this patheftesting was undertaken using
Trimble Pathfinder Office and Trimble GeomaticsiCdb.

Data collected with the Pro XR, and the Pro XH waéphyr antenna, was only post-
processed using Pathfinder office. The data cateetith the zephyr antenna was

post-processed using both single and multiple bases

3.5 Pro XR Receiver

3.5.1 Test/Data Collection

As mentioned earlier the Pro XR receiver was usethke ten minute observations
on PSMs around both Toowoomba and Gatton. Obsensgtvere collected using a
Recon Data collector, using the settings as owtlineAppendix E.

3.5.2 Post-processing

The observations taken by the Pro XR receiver west-processed in Trimble Path
Finder Office only. The post-processing that wadeutaken with this receiver was
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carrier post-processing only. H-Star post-procegsmuld not be undertaken as this
receiver is unable to collect H-Star data. The Isingase used for this post-
processing was Ananga, the base that is locatethenop of Z Block of the

Toowoomba USQ campus.

3.5.3 Expected Analysis

After the observation files had been post-processsdg Path Finder Office, the
results of these files have been analysed withrabeun of Pro XH post-processed
results. Comparing all the minimum time observatiohboth receivers has allowed
the differences between single and H-star postgasing methods to be discussed.
This can be achieved because the same control mamles observed for the same
period of time by both receivers. This comparisoil show which of the two
methods is able to produce more consistent redditgding the marks into ‘close’
and ‘central’, has provided a way to see if them any benefits in H-Star post-

processing with the Pro XH receiver

Results from ‘close’ marks have been used to deterni there is extra weight
placed on any one base station in the networkeHiStar base stations used when
post-processing Pro XH observations. While redutts ‘central’ marks have been
used to compare the differences in accuracy with Rno XR and H-Star post-
processing using the Pro XH receiver

3.6 Pro XH Receiver

3.6.1 Test/Data Collection

This receiver has used with both the internal agghygr antennas. The use of these
two different antennas allowed the differenceshiese to be analysed. The internal
antenna has been used to take minimum time obgmrgain all marks, just like the
Pro XR. Extended observations were also taken Wwith XH receiver; these
observations were completed over Gatton PSMs dililg.use of the zephyr antenna
was restricted to the minimum time and conductedr dvatton marks only. The
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settings used with this receiver are the same @ethsed with the Pro XR and are

outlined in Appendix E.

3.6.2 Post-processing

The Pro XH receiver is able to collect H-Star datadescribed in section 2.7. Post-
processing of Pro XH data files were thereforeiedrout using single and multiple
base station post-processing. All data files takemg this receiver were post-
processed using Ananga as the single base and-8tartbase station network as

shown in section 2.7.

The minimum time observations using the internatemeost-processed using both
Trimble Path Finder Office and Trimble Geomaticdi¢gf By using two software
packages to correct the data files the differeletween the two software packages

can be analysed.

The extended observations were taken for forty-fivautes over ‘central’ PSMs
only. These files were post-processed after twanty forty-five minutes as set out
in the manufacturer’s specifications as exhibitgapéndix B. The twenty minute
observations were obtained by removing the lashtyvéve minutes of a forty-five
minute data file. These data files were post-preegsn Trimble Path Finder Office
only.

The zephyr antenna data files were processed ssigte and multiple base stations.
Observations for this configuration were restrictedhe minimum observation time
of ten minutes and taken over ‘central PSMs onlizese files were only post-

processed using Trimble Path Finder Office.

3.6.3 Expected Analysis

The minimum time observations have been analysethenmanner as described
earlier in section 3.5.3. Results from Trimble Gatios Office software have been
used to compare the two packages and to see wiockgses data more accurately.

The results extended observations have been useeéetdf there is any change
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between increased observation times and increasadagy. By using both single
and multiple base station post-processing the reifflees can be seen between the
two methods, this will be discussed further in ¢bafour.

The zephyr antenna results have been comparedheitminimum time observations
taken with the internal antenna. The manufactuharge claimed that the zephyr
antenna is able to collect data of a higher qualitgn the internal antenna.
Comparing these two different data sets has allawecdlaims by the manufacturer

to be tested.

3.6 Conclusion

By using the above mentioned observation and pastegsing regime, the results
can be analysed in a number of ways that will altbe different characteristics of
the Pro XR and Pro XH receivers to be compared wdlh other. The main
difference between the receivers is that the Proddta can be post-processed using
multiple base stations, while the Pro XR cannote Bihservation regime has been
designed to see if there is any difference in usingle base station post-processing
when compared to multiple base post-processingwiyein which PSMs have been
chosen for use in this project has allowed the dppdy to compare post-processed

results as baseline length increases.

Since not all consumers have access to the sartveasefpackages and each operates
in a slightly different way, the use of the thre@oee mentioned packages will
provide additional information to consumers in thiga. This information will allow
consumers to make an informed decision about tpalilties of the software and

the reliability of the results each individual paglke and receiver is able to produce.
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Chapter 4

Results

4.1 Introduction

This chapter shows a number of graphs of the st each of the software
packages, Trimble Pathfinder Office and Trimble @atics Office. The graphs will
allow the reader to picture the differences betweanh of the post-processing

methods and observation times used.

The aim is that the reader will gain an understagdaif the differences between the
results from each of the receivers with respedh# post-processing methods and

observation times used by viewing the graphs is ¢hapter.

The graphs that have been constructed have beehiushapter 5: Analysis and
Discussions. Each graph will be accompanied byoat gfaragraph explaining what
is depicted on the graph above. The graphs have de&led into two sections,
Trimble Pathfinder Office Pro XR and Pro XH andnrible Geomatics Office Pro
XH.

4.2 Explanation of results shown

In the explanation of the graphs that follows refee is made to distance from the
‘true’ value. The ‘true’ value is the co-ordinatelwe as published in the DNRW
database. The difference from the ‘true’ value wasulated in two components, as
a change in eastingAE) and northing AN). The change was calculated by

subtracting the post-processed co-ordinate pam filee respective ‘true’ pair. The
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distance error from the ‘true’ value was calculablyd\ (AE2+AN2). The reduced
level error was calculated as a difference from ‘thee’ reduced level value as
published in the DNRW database for a particular PSM

The software packages, Trimble Pathfinder Officd dnimble Geomatics Office
were compared using HRMS and Vertical RMS (VRMSMSR error is used to
describe uncertainty and summarise the entire edistribution. The HRMS
describes the error in the distance component. HRM&lculated by finding the
square root of the average of all the distancerersquared. VRMS describes the
error in the reduced level component. VRMS is daked by finding the square root
of the average of all the reduced level errors sgpia

The graphs below show the 68% confidence intervidie. average is shown by the
large horizontal bar in the middle, with the respecbounds shown by smaller bars
at the top and bottom. The 68% confidence inteivéhe range between the upper

and lower bounds as depicted by the blue and rnesdrbgpectively.

The graphs have been divided into their respecidfvare packages; this has been
done to give the reader some idea as to the ingavidesults of each software
package. The final section will show graphs thdt & used to compare the two

software packages against each other.

The graphs in this chapter refer to marks as ‘¢lasd ‘central’. ‘Close’ is used to
describe marks that are in close proximity to thsebstation Ananga as shown in
Figure 2.13, ‘Central’, on the other hand, is usedescribe the five marks located

central to the H-Star base stations.

4.3 Analysis to be undertaken

The analysis of the results has been divided imtogections, the individual software
packages that have been used to post-process skevabons as outlined in section
3.2. The analysis undertaken was based on sectio@ @or the Pro XR receiver)

and section 3.6.3 (for the Pro XH receiver).
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After completing the post-processing of the obsona that were taken according
to sections 3.5.2 and 3.6.2, there were a nhumbepimiparisons that could used to
check the various claims made by the manufactwetbe equipment tested. The
comparisons used in this analysis were:

e one base & H-Star processing methods,

* how distance from base station affects post-precksssults, and

* base station network weighting

The results have been compared using these threpacisons as a basis. These
three comparison areas have provided the oppoyttmisee the difference between
single and H-Star post-processing methods andfddeStar is significantly better

than single base station post-processing. The @saimgaccuracy as baseline length
increases can be seen by using these three areamsnpirison. The final area of
analysis was to see if there is extra weight plamedany base in the H-Star base
network. Extra weighting in the base station nekwvyould be proved by the fact

that results from marks close to Ananga using sirizise station post-processing

would be very similar to those obtained using H-stathods.

4.4 Trimble Pathfinder Office Pro XR and Pro XH

Comparison between 1 base and H-Star (Distance)
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Figure 4.1: Comparison of 10 minute observations wh respect to distance error
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The difference between the Pro XR and Pro XH remsiis shown in Figure 4.1; the
marks used in this figure have been divided into tategories ‘close’ and ‘central’
marks as described in section 4.2. The variousmastessing methods used for each
receiver are shown on this Figure. It can be seanthere is little difference between
average distance errors of the two receivers wiosirgrocessing ‘close’ marks form
a single base. There is quite a difference howemethe confidence interval
indicating that the Pro XH receiver is more relabl

Comparison between 1 base and H-Star (Reduced Level)
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Figure 4.2: Comparison of 10 minute observations wh respect to reduced level error

The differences in RL from the published value tbe varying post-processing
methods are shown in Figure 4.2. It can be sedrthibaRLs were not as accurate as
their corresponding distance errors (refer to Fegdrl). There is no significant
difference in single base post-processing whengusitier receiver on control marks
that are located around Toowoomba. To prove theetis no significant difference
in single base post-processing using either receaime=-Test was undertaken using
Microsoft Excel statistical functionality. The F-§tecalculated the probability of
there not being any significant difference betwsiggle and H-Star post-processing

with respect to reduced level error to be 93.96%.
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Average and standard deviation of all Pro XH observations (Distance)
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Figure 4.3: Comparison of all observations taken byhe Pro XH GPS receiver with respect to
distance error

Figure 4.3 shows all observations taken by theXoreceiver. It can be seen that
the zephyr antenna is able to collect satelliteagy a lot better than the internal
antenna of the Pro XH receiver. Also as observatiome increases, so does
accuracy. H-Star results for the twenty and forg-fminute observations were not
as accurate as the single base station results. ditierence may be the result of
conditions at the Caboolture and Robina base swtimt being representative of

those at the testing sites.

Average and standard deviation of all Pro XH observations (Reduced Level)
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Figure 4.4: Comparison of all observations taken byhe Pro XH GPS receiver with respect to
reduced level error
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Shown in Figure 4.4 are the average and confiderieeval of the difference from
the ‘true’ value in RLs for all observations takbg the Pro XH receiver. The
observation times in this graph vary between terenty and forty-five minutes. In
some instances the results of H-Star post-proggssene worse than post-processing
from a single base, for example observations téketine internal antenna of the Pro
XH receiver were not as accurate as observatioasgocessed using a single base
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0.000 .\ A A . i B e ; i i
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Figure 4.5: Difference from the ‘true’ in Easting, Northing, Reduced Level and Distance from
the ‘true’ as baseline increases from Ananga usinpe Pro XR receiver

Figure 4.5 depicts the difference from the ‘trualue for the individual components
of the marks’ co-ordinates. The baseline lengtthtonearest ten metres is shown in
brackets under the PSM name. This Figure showmiktis any decrease in accuracy
as baseline length increases. There is minimatatidin of this occurring, if this was
occurring marks close to the base station wouldlbser to the ‘true’ value than
marks that are further away. From Figure 4.5 it b@nseen that there is large
difference between the ‘true’ reduced level valud ¢he post-processed result for
PSM 40963, which indicates the possibly of a inectrheight for PSM 40963.
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4.5 Trimble Geomatics Office Pro XH

Comparison between 1 base and H-Star (Distance)
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Figure 4.6: Average and standard deviation for temminute observations with respect to distance
error

Figure 4.6 includes both fixed and float baselioitsons, which is why the averages
and standard deviations are large. Appendix H shthesaverage and standard
deviations for fixed and float solution baselineparately. It can be seen that single
base post-processing is better than using H-Stae. reason for this is that the
baseline Caboolture to PSM 107948 was fixed, witlothers from Caboolture and

Robina not fixed.
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Comparison between 1 base and H-Star (Reduced Level)
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Figure 4.7: Average and standard deviation for terminute observations with respect to reduced
level error.

Both fixed and float baselines are shown in Figuig It can be seen that the RLs of
the corrected points are closer to the ‘true’ valmeen compared with their
corresponding distance errors in Figure 4.6. Appendshows the average and
standard deviations for fixed and float baselinegividually. Single base post-
processing outperformed H-Star because of the langmber of float baseline

solutions present in H-Star processing.
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Average and standard deviation of all Pro XH observations (Distance)
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Figure 4.8: Comparison of all observations taken byhe Pro XH GPS receiver with respect to
distance error

Figure 4.8 shows how varying observation times post-processing methods affect
the average and standard deviations of distanoeseffhis graph clearly shows that
the H-Star post-processing method did not perfosmvell as expected. The reason

for this is that baselines from Caboolture and Rabwere not fixed.
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Figure 4.9: Comparison of all observation taken bythe Pro XH GPS receiver with respect to
reduced level error

It can be seen in Figure 4.9 how the average amudatd deviations of reduced
levels at varying observation times change. Thalte$or the RLs are closer to the

‘true’ values than their corresponding distancemrshown in Figure 4.8.
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Pro XH - Post-processed from Ananga
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Figure 4. 10: Difference from the ‘true’ in Easting Northing, Reduced Level and Distance from
the ‘true’ as baseline increases from Ananga usintpe Pro XH receiver

Figure 4.10 shows how the co-ordinates vary wittréasing baseline length from
Ananga. It can be clearly seen that the magnitdiderors associated with baselines
that are fixed are smaller than those of non-figeéloat solutions. Errors associated
float baseline solutions are random and are atre$@nvironmental and systematic

errors.
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4.6 Comparing Trimble Pathfinder Office and Trimble
Geomatics Office

RMS Values for post-processing in Path Finder Office
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Figure 4.11: Horizontal and Vertical Root Mean Squae for observations post-processed in
Trimble Pathfinder Office

The HRMS and VRMS values for all observations postessed in Trimble
Pathfinder Office are shown in Figure 4.11. Figdrgl shows that similar results
can be gained by using either the Pro XR or Pro réekivers with single base
station post-processing and achieve the same HRM vFigure 4.11 depicts that
the corresponding VRMS value is larger than the HRWMalue, indicating that

horizontal results have a better relative accuracy.
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RMS values for post-processing in Trimble Geomatics Office
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Figure 4.12: Horizontal and Vertical Root Mean Squae for observations post-processed in
Trimble Geomatics Office

Figure 4.12 shows the HRMS and VRMS values fooh#ervations post-processed
with Trimble Geomatics Office. Figure 4.12 portrahgat HRMS and VRMS values

are larger for multiple base station post-procegtian single base post-processing;
the reason for this is that baselines from Cabo®lénd Robina were float solutions.
HRMS value is larger than the VRMS value, indicgtthat vertical results have a

better relative accuracy.
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4.7 Conclusion

The Figures shown in this chapter were been usétkidiscussions presented in the
following chapter. The discussions that will be gmeted in chapter 5 have been
based on section 4.3. The discussions in the neapter will give a detailed
explanation of what the Figures in this chapteresent. The next chapter will make
continual references to Figures presented in thapter.

The results presented in this chapter can be suisedaas follows; the Pro XR and
Pro XH receivers have similar accuracies when témuta observations are post-
processed from a single base station. As obsenvatie increases, so does accuracy
and the zephyr antenna, because of its abilityaicktboth L1 and L2 wave lengths,
is able to produce the most accurate results.dtatgo been found that H-Star post-
processing is advantageous when the work sitecatdd in the centre of the multiple
base station network.
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Chapter 5

Analysis and Discussion

5.1 Introduction

This chapter links to the previous chapter in whlod results were shown by a series
of graphs. The discussions presented in this chapéebased on the areas identified
in section 4.3. The main areas of analysis disclsssection 4.3, and presented in
sections 3.5.2 and 3.6.2, were:

* single base compared against H-Star processingoaigth

* how distance from base station affects post-precesssults, and

* base station network weighting

The discussions in this chapter revolve aroundetkey issues.

The aim of this chapter is to explain and interpnetre thoroughly the results of the
project to facilitate an understanding of the fing. The reader should understand
the differences in accuracy between the Pro XRRmdXH receivers and the use of
the zephyr antenna with the Pro XH receiver atadmg this chapter. Upon reading
this chapter the accuracy differences between esilagid H-Star post-processing
methods will be understood.

The analysis in this chapter has been dividedanboimber of sections, one each for

Trimble Pathfinder Office, Trimble Geomatics Offigc@omparing Pathfinder Office
and Geomatics Office and Manufacturer Claims.
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5.2 Post-processing with Pathfinder Office

5.2.1 One base and H-Star Processing Methods

5.2.1.1 Pro XR and Pro XH Internal Antennas

GPS data can be post-processed using a singlestada or multiple base stations.
The advantage of a multiple base station processigitpod is the ability to correct
for atmospheric errors that surround the work gieder to Figure 2.13). Results
show that there is minimal difference between posetessing with one base or
using multiple bases with H-Star processing if tharks are close to one physical
base (refer to Figure 4.1). The average distanwe &om the true value was very
similar for both post-processing methods (0.1382madne base using the Pro XR
and 0.1386m for H-Star using the Pro XH). This nseidthe marks are close to one
of the physical base stations there is no real radge in using H-Star post-
processing.

It should be noted that the H-Star post-procesdimgs however, produce smaller
standard deviation values (0.1180 m for single lvaisie the Pro XR and 0.0614 m
for H-Star with the Pro XH). This means that evlough both post-processing
methods will achieve similar accuracies, the H-Stethod gives results that are
more precise and consistently closer to the avaregdt. The use of H-Star data has
minimised the magnitude of multipath and atmosgherrors (refer to section 2.7)
which are associated with GPS observations. Theotisaultiple base stations to
model the changes in atmospheric conditions becameesasingly important, as the
baseline length from the single base increases. abligy of a single base to be
representative of conditions at the rover diminsshes the baseline distances
increase, so using multiple base stations to mondmanges in atmospheric

conditions helps to minimise atmospheric error sesir

H-Star post-processing methods are advantageous tvbevork site is central to the
base station network being used to correct thereasens (refer to Figure 4.1).
Table 5.1 shows the average distance error andiathrdeviation for ten minute

observations taken on control marks located cemdrahe H-Star base network by
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the Pro XR and Pro XH receivers. The Pro XR obsemsa have been post-
processed from a single base station, while the Xoobservations have been
processed using H-Star.

Depicted in Table 5.1 is the average distance eanar standard deviation for ten
minute observations taken on control marks locatedtral to the H-Star base
network by the Pro XH receiver.

Table 5.1: (One base vs. H-Star)

Average distance error

Processing method m) Standard deviation (m)]
m
Pro XH (1 base —
0.1762 0.1053
Ananga)
Pro XH (H-Star) 0.1538 0.0842

Table 5.1 shows that H-Star post-processing methoeldetter able to correct for

atmospheric errors. The standard deviations ai@s8rh for one base using the Pro
XH receiver and 0.0842m for H-Star post-processiigg above results are based on
ten minutes of data as depicted by Figure 4.1.

Table 5.2 shows the expected accuracy of all temutaiobservations (‘close’ and
‘central’) taken by the Pro XH receiver. The fulltf data, from which values in

Table 5.2 have been extracted, is presented in#gppd.

Table 5.2: Comparing all minimum time observationgaken by the Pro XH receiver

Average distance error

Processing method m) Standard deviation (m)]
m
Pro XH (1 base —
0.1605 0.0920
Ananga)
Pro XH (H-Star) 0.1440 0.0675

The average distance error for all minimum timeeobations taken by the Pro XH
receiver using H-Star post-processing is 0.1440dhséandard deviation of 0.0675m
while using a single base with the Pro XH; the watues are 0.1605m and 0.0920m

respectively. This shows that H-Star is able tot4poscess GPS observations more
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consistently which is evident by the lower averatistance error and standard
deviation. Comparison with the manufacturer’s cledhaccuracy will be discussed in

section 5.5.

5.2.1.2 Comparison of Internal and Zephyr Antennasvith Pro XH

To test if there is any advantage in using an eglesintenna, a zephyr antenna was
used with the Pro XH receiver. Table 5.3 showsdifferences between the internal
and zephyr antennas when used with the Pro XH vecend the differences
between single and H-Star post-processing. Theesaln Table 5.3 have been
adapted from Figure 4.3. Average distance errcersefo the average of all the
horizontal distance errors from the ‘true’ co-omtm value. The ‘true’ co-ordinate
value is the value as published in the DNRW datb@ke horizontal distance error

is calculated by the method as stated in sectidn 4.

Table 5.3: Comparison between Pro XH internal and ephyr antennas

_ Average distancg Standard deviation
Processing method
error (m) (m)
Pro XH Internal (1 Base - Ananga) 0.1386 0.0614
Pro XH Zephyr (1 Base - Ananga) 0.0849 0.0287
Pro XH Internal (H-Star) 0.1538 0.0842
Pro XH Zephyr (H-Star) 0.0648 0.0408

Data logged using these configurations were forrnenutes at the control marks
located at Gatton. These control marks are cetdrttie multiple base stations that
are used for H-Star post-processing methods (tef€igure 2.13). These data files
were post-processed using single base and H-Stdrodse Values for Table 5.3
show when using a single base to correct the zephtgnna data files the average
distance error from the ‘true’ value is 0.0849m hwia standard deviation of
0.0287m.When the results of the Pro XH internatana are compared with those
achieved when using the zephyr antenna; provestlteazephyr antenna improves
the accuracy of the results achieved by the Pro Khis improvement when using
the zephyr antenna is evident in both single bas# ld-Star post-processing.
Comparison of results obtained and the manufactuobsims will be discussed in

section 5.5.

49



5.2.1.3 Pro XH Extended Observations

Table 5.4 shows the differences between twentyfarg-five minute observations
and single and H-Star post-processing methodoiild be noted that the Pro XH
receiver only, was used to take extended obsenstan PSMs located around
Gatton (refer to Figure 2.13). Values for Table Bam been adapted from Figure
4.3 in chapter four. As observation time increages,claimed (refer to Appendix B)

that the accuracy of the post-processed resulgsraat will also increase.

Table 5.4: Comparison between 20 and 45 minute datagging times with respect to distance

_ Average distance o
Processing method Standard deviation (m
error (m)
Pro XH (20 minutes —
0.1333 0.0537
Ananga)
Pro XH (45 minutes —
0.1026 0.0455
Ananga)
Pro XH (20 minutes — H-Star) 0.1622 0.0430
Pro XH (45 minutes — H-Star) 0.1206 0.0553

Values in Table 5.4 prove that as observation tinereases so does accuracy.
Observations shown in Table 5.4 were taken at obntarks central to the H-Star
base stations for a period of forty-five minutesthwthe Pro XH receiver. To
determine if there is any change as observatiore tintreases, twenty minute
observations were post-processed. Twenty minutereason files were forty-five
minute data files with the last twenty-five minutesmoved. Post-processing was
carried out using one base station (Ananga) andafBethods. The observations in
Table 5.4 prove that logging data forty-five mirsitgves more accurate results than
logging data for twenty minutes. The results ofsthextended logging times were
not what was expected because processing from ase ¢ave results of a higher
accuracy than H-Star post-processing. The averagtande error for forty-five
minutes from one base is 0.1026m and a standandtaev of 0.0455m, while H-
Star gives an average distance error of 0.1206nmaatdndard deviation of 0.0553m
as shown in Table 5.4. The results for twenty n@siwdre not as accurate as logging
data for forty-five minutes. One base station giwss average distance error of
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0.1333m and a standard deviation of 0.0537m; howdv8tar results in an average

distance error 0.1622m and a standard of 0.0430m.

Calculating the 95% confidence interval of the méanthe twenty and forty-five
minute observations involved the standard deviatbthe mean to be calculated.
The standard deviation of the mean is the standaxdation of the population
divided by the square root of the number of obgema. For twenty minutes single
base post-processed the standard deviation of &am 1is 0.0219 m (0.053{8). H-
Star post-processed the standard deviation of genris 0.0176 m (0.043(8).

The standard deviation of the mean for forty-fivenute observation post-processed
from a single base is 0.0186 m (0.04%%/ while for H-Star the standard deviation
of the mean is 0.0026 m (0.0558). The upper and lower bounds of the confidence

interval are calculated using the process desciibedction 2.6.

Table 5.5 shows the upper and lower bounds of weaty and forty-five minute

observations with respect to distance error. Thelestt-t distribution was used
calculate the number of standard deviations thatseeshould lie from the mean for a
given confidence interval. The confidence intenvséd was 95%, from Eton p49 the

number of standard deviations from the mean with flegrees of freedom is 2.571.

Table 5.5: Upper and lower confidence interval bouds at 95% confidence

Post-processing
Upper bound (m) Lower Bound (m) Range (m)
Style
20 minute (1 base 0.1897 0.0769 0.1128
20 minute (H-Star 0.2073 0.1171 0.0902
45 minute (1 base 0.1504 0.0548 0.0956
45 (H-Star) 0.1786 0.0626 0.1160

To see if there was any significant difference le&tw single base and H-Star
processing methods, an F-Test was conducted usagtatistical functionality of

Microsoft Excel.

Using the F-Test functionality in Microsoft Excel test between the two twenty

minute observation data sets, it was found thaotteetail probability of the two data
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sets being not significantly different was 63.55%his indicates that there is a
significant difference between single and H-Stastgoocessing of twenty minute
observation files.

When forty-five minute files are tested the proligbof single and H-Star being not
significantly different is 67.65%. There is still 22.35% chance that there are
significant differences between single and H-Stancessing of forty-five minute

files indicating that the two data sets are ndteali

Figure 4.3 shows all observations that where tdlethe Pro XH receiver. It can be

seen in Figure 4.3, as observation times increasedoes the accuracy of the results
given. Figure 4.3 shows that H-Star post-processimgthods are better than

processing from a single base especially if theentadions are being taken in the

centre of the multiple bases used in H-Star postgssing. However, this is not true

for observation times of twenty and forty-five mies. A possible reason for this

difference is that the atmospheric conditions abd@éture and Robina were not

representative of those at the testing sites wiserwations were taken. The use of
multiple base stations to model the changes in spimeric conditions becomes

increasingly important, as the baseline length frdm single base increases.
However if the conditions are significantly diffateat the base station to those at the
test site, the ability remove errors will diminisiihe difference in atmospheric

conditions is highlighted when H-Star post-proaegsis used, because of the

multiple base stations used to correct the obsenataken.

5.2.1.4 Reduced Level Results

Average reduced error refers the average of allréaeiced level errors from a
particular receiver configuration and observatiomet The ‘true’ co-ordinate value is
the value as published in the DNRW database. Téhecexl level error is calculated

by the method as stated in section 4.2.

The results given for the corrected reduced leale/for a control mark were not as
accurate as the corrected Eastings and NorthinggeTis quite a difference between
reduced level results using one base and H-Stdifferentially correct the files as

Figure 4.4 depicts. The most accurate results wetaned using the zephyr antenna

52



with the Pro XH logging data for ten minutes. Thastpprocessing method made
little difference when using the zephyr antennanfriFigure 4.4 it can be seen that
post-processing the zephyr antenna observatiorts K4Etar methods was slightly
better with an average reduced level error of Mbd4nd a standard deviation of
0.0749m. Single base station processing with tipyreantenna yielded: an average
reduced level error of 0.1276m and standard dewiadf 0.0963m. This antenna is
capable of monitoring both L1 and L2 frequenciesl dne ability to track low

elevation satellite signals which is why this reeeioutperforms the internal antenna

of the Pro XH receiver.

The data logged for forty-five minutes gave acairasults (refer to Figure 4.4); this
is due to the shear amount of data that was redatdeng this time. Logging data
for this period of time allows the receiver to eall a large amount of data free from
cycle slips and other errors associated with GRfgaisExtended observations were
only taken at control marks central to the H-St&sdostation network, and as a result,
data files corrected using H-Star methods was raccerate than single base station

processing.

When extended observation times (twenty and favty-inutes) are used, there is
some decrease in accuracy as baseline length sesré@m Ananga. This trend can
be seen with both single and H-Star post-processiethods. Values for Table 5.6

have been sourced from Figure 4.4.

Table 5.6: Comparison between 20 and 45 minutes datogging times with respect to reduced
level

Processing method Average RL error (m) | Standard deviation ()
Pro XH (20 minutes —
0.1932 0.1116
Ananga)
Pro XH (45 minutes —
0.1597 0.0975
Ananga)
Pro XH (20 minutes — H-Star) 0.1973 0.1169
Pro XH (45 minutes — H-Star) 0.1235 0.0730

The F-test was used to test the twenty minute ghtien files with respect to
reduced level error, the probability of there netnlg any significant difference
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between single and H-Star post-processing is 92.28f6 proves that single and H-
Star post-processing are the almost identical wh@st-processing twenty minute
observation files with respect to reduced leveabrerr

As observation time increased the accuracy of redllevel values also increased.
This was seen with forty-five minutes of observatgiving more accurate results
than twenty minutes of observation. H-Star gave emaccurate results than
processing from a single base station when postegsing forty-five minute

observations; this is because the control markd tmethese extended observations

were located in Gatton, which is central to the tdrRetwork.

5.2.2 How distance from base station affects postgressed results

It can be assumed that as distance from a basenstatreases the accuracy of the
results should decrease, this is because the comlat the base are not the same as
those at the rover. Testing this fact involved gsannumber of co-ordinated marks
that were located at increasing baseline distafimes Ananga, the single base
station located at USQ Toowoomba Campus.

5.2.1.1 Pro XR and Pro XH Internal Antenna

Results obtained using the Pro XR (Figure 4.5) prmtessing from a single base
station reveal that as baseline length increakesad¢curacy decreases; this trend can
be seen for baseline lengths from 5.8 km to 32.9Results either side of this range
don’t exhibit the characteristics expected withréasing baseline length. Results
using the Pro XH from both single and H-Star pasiepssing exhibit no uniform
change in accuracy as marks increase in distanoe Ananga (refer to Appendices

K and L respectively).

5.2.2.2 Pro XH Extended Observations

When twenty and forty-five minute observations post-processed from a single
base station it can be seen that as baseline lemg#mases accuracy decreases (refer

to Appendices M and N). Table 5.7 depicts the ckarg distance from the ‘true’
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co-ordinate values using twenty and forty-five aliagon files post-processed from

a single base.

Table 5.7: Distance from ‘true’ co-ordinate value a baseline length increases

Control mark Baseline length _ _
20 minutes (m) | 45 minutes (M)
name (m)

PSM 107948 32943 0.0750 0.0883
PSM 1901 35376 0.0930 0.0906
PSM 132088 36417 0.1846 0.0721
PSM 89889 36472 0.1271 0.0678
PSM 61742 38038 0.2115 0.1911

Results portrayed by Table 5.7 are consistent il expected results from

baselines of increasing length.

5.2.2.3 Reduced Level Results

As baseline length increases there is no evidemsepport the fact that accuracy of
reduced level values decreases (refer to Appendiced, M and N). This
characteristic was present in both receivers arst-p@cessing methods. One point
in particular may have what appears to be an ‘mextbr published value for its
reduced level, this point is PSM 40963. The RLhi$ PSM has been spirit levelled
to class D and to order 4. The difference seemsetabout 0.900m as Figure 4.5
depicts, but before any absolute conclusion caméae regarding the reduced level
value for this point, checks need to be made. dHfsrence was evident in results
from the Pro XR and Pro XH receivers and usingeeitbingle or H-Star post-
processing techniques in Trimble Pathfinder Offieger to Appendices K and L). It
should be noted that data was logged for ten msnoitdy and no further visits have
been made to verify this fact. Checking would imeolising Real Time Kinematic
(RTK) or Fast Static GPS techniques or levellingnfranother mark to verify the
reduced level of PSM 40963.
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5.2.3 Base station network weighting

Weighting in the base station network would be prbby the fact that results from
marks ‘close’ to Ananga using single base statiost4processing would be very
similar to those obtained using H-star methods.

This can be seen when comparing observations takehe Pro XR and Pro XH
receivers close to Ananga. There is no differemcthe average distance from the
‘true’ position using single base station procegsuith Pro XR data or H-Star with
the Pro XH data as Figure 4.1 portrays. The avedigfances for the Pro XR and
Pro XH both post-processed using a single bas@mistate 0.1382m and 0.1386m
respectively (values from Figure 4.1). This showattthe other base stations;
Caboolture and Robina make little difference ireefiing results this is because they
are far from the worksite. Corrections provided ®gboolture and Robina base
stations have minimal affect on the results obthirkhis shows that there is more
weight placed on corrections provided by the clbase station Ananga, when the
worksite is close to this base station. Howevertal-8oes produce more consistent
results because of the smaller standard deviakiahi$ evident in the results from
this post-processing method. The standard devidiothe Pro XR is 0.1180m and
for the Pro XH is 0.0614m (H-Star post-processed).

Base station weighting is also evident in the redulevels of the corrected points.
Reduced levels of corrected points have an aveedigced level error of 0.1922m
from the ‘true’ value using Pro XR data procesgedfone station and 0.3319m for
Pro XH data processed using H-Star as Figure 4®shrlhe standard deviations are
0.2925m and 0.3419m respectively. This shows thatresults tend to be more

accurate when post-processed using a single batsenst
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5.3 Post-processing with Trimble Geomatics Office

5.3.1 One base and H-Star Processing Methods

Figure 4.10 shows one interesting fact; when postgssing in Trimble Geomatics
Office not all of the baselines solutions were @ix&his even occurred when using
observation times of twenty and forty-five minut&easons for this are unknown.
Results from those baselines that are fixed areenagcurate when compared to
those that are not fixed as portrayed in Table Bt& standard deviations for the
observations are pictured in Table 5.9.

Table 5.8: Average of minimum time observations wit respect to calculated errors

Solution type | Distance (m) AE (m) AN (m) ARL (m)
Fixed 0.0142 0.0081 0.0104 0.0618
Float 0.7917 0.7193 0.1473 0.4650

Table 5.9: Standard deviation of minimum time obserations with respect to calculated errors

Solution type | Distance (m) AE (m) AN (m) ARL (m)
Fixed 0.0166 0.0125 0.0123 0.0586
Float 0.4375 0.5246 0.1464 0.2865

Only observations taken using the Pro XH with ingrantenna were post-processed
using Trimble Geomatics Office. Processing from base station gave better results
than using H-Star post-processing. A possible me&sothis is that only one of the
baselines from either Caboolture or Robina wasdfixeaboolture to PSM 107948
was the only fixed baseline. The unknown whole neinmds wavelengths counted by
the GPS receiver is known as an ambiguity termixadf baseline solution means
that all ambiguity terms have been solved. If aebas solution is not fixed the
ambiguity terms have not been solved. If the ambigierms are not solved for,
there are errors in the resultant co-ordinate vallleis affected H-Star post-
processed results. This can be seen from the aveliatance error from the ‘true’
value is always better using single base post-gsieg in Trimble Geomatics Office
as depicted in Table 5.10.
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Table 5.10: Average and standard deviation of obseations post-processed in Trimble

Geomatics Office

c < Distance Reduced Level
s o | 2
g £ 3 o Standard Standard
S £ Q9
c = o = Average . Average o
9 o o O deviation deviation
= = 17 (m) (m)
= = (m) (m)
10 Single 0.3474 0.4829 0.2346 0.2762
H-Star 0.9074 0.7692 0.3221 0.2360]
20 Single 0.2090 0.2010 0.1283 0.0624
H-Star 0.6637 0.4880 0.2045 0.0964
A5 Single 0.0917 0.1912 0.0917 0.0497
H-Star 0.3077 0.1881 0.1667 0.0469|

Processing all minimal time observations from Araamdpne produces an average
distance error of 0.3474m and a standard deviaiio0.4829m. As Appendix O

shows, dividing this into ‘close’ marks and ‘cetitraarks the following results are

achieved as Table 5.11 portrays.

Table 5.11: Comparison between ‘close’ and ‘centramarks using single base post-processing

Processing method

Average distance error (n

Standard deviation (m)

Pro XH (1 base — close)

0.4519

0.5704

Pro XH (1 base — central

0.1593

0.1963

When processing the same data files by H-Star ndstlie average distance error

from the ‘true’ value for all points processed thay is 0.9074m and a standard

deviation of 0.7692m as shown in Appendix O, bregkihis down into ‘close’

marks and ‘central’ marks the following results achieved as shown in Table 5.12.

Table 5.12: Comparison between ‘close’ and ‘centramarks using H-Star post-processing

Processing method

Average distance error

Standard deviation (m

(m)
Pro XH (H-Star — close) 1.2385 0.7759
Pro XH (H-Star — central 0.3113 0.1684
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The distance error from the ‘true’ value showedt ttheere is more error in the
Easting component of the co-ordinate pair thenNbething component as can be
seen in Figure 4.10. This is true for all files pppocessed using Trimble Geomatics
Office. The average reduced level error given igebethan their corresponding

distance errors.

5.3.2 How distance from base station affects postqressed results

When processing from a single base station, a airpgrcentage of baselines were
fixed for both Toowoomba and Gatton marks. For Toomba five of the nine
control marks (55.55%) had fixed baselines, whilee¢ of the five (60%) of the
Gatton control marks had fixed base lines. Thisaghthat distance had little effect
on whether a baseline was fixed or not. Only onethef baselines from either
Caboolture or Robina is fixed; which was CaboolttoePSM 107948 using forty-

five minutes of observations.

Processing minimal time observations from Anangaan be seen that for those
PSMs where the baselines are fixed, there is @ titgat as baseline length increases,
accuracy decreases as Table 5.13 depicts (refehppendix P for graphical

representation).

Table 5.13: Distance from ‘true’ co-ordinate valueas baseline length increases for baselines with
fixed solutions

Control mark Baseline length ) Reduced Level
name m) Distance (m) m)
PSM 40424 1038 0.0042 0.001
PSM 112927 5355 0.0130 0.006
PSM 59005 6345 0.0125 0.010
PSM 112928 6670 0.0032 0.046
PSM 35751 10428 0.0014 0.046
PSM 1901 35376 0.0041 0.109
PSM 132088 36417 0.0240 0.148
PSM 89889 36472 0.0509 0.128
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Reduced levels of baselines with fixed solutionsvéwer are worse than their
corresponding distance results as Table 5.13 psrtra fixed baseline solution is
when all the ambiguity terms are solved. Those sarikh float baselines exhibit no
characteristics of decreasing accuracy as basaloreases as portrayed in Table

5.14 (refer to Appendix Q for graphical represeatgt

Table 5.14: Distance from ‘true’ co-ordinate valueas baseline length increase for baselines with

float solutions

Control mark Baseline length _ Reduced Level
ame m) Distance (m) m)
PSM 40435 1840 0.5220 0.278
PSM 40963 5802 1.1672 0.998
PSM 40827 8389 1.3442 0.488
PSM 61043 9383 0.9992 0.187
PSM 107948 32943 0.4597 0.351
PSM 61742 38038 0.2580 0.488

The differences from the ‘true’ value are randomd ane a result of environmental

and system errors as can be seen in Table 5.14.

5.3.3 Base station network weighting

There is no evidence of weighting of in the basati@t network when post-
processing in Trimble Geomatics Office. The muétiplase method was worse than
the single base station method because the Cab®aitd Robina baselines are not
fixed, except Caboolture to PSM 107948 using fdistg- minutes of observation.
The average distance error from the ‘true’ for Enbase station processing of
minimum time observations is 0.4519m and multipbeseb station processing is
1.2385m (taken from Figure 4.6). If Ananga had raer@ased effect on the results,
the two averages would be close reflecting the dante of the corrections provided
by the Ananga base station files when post-prodesse

The characteristic of base station weighting in riingdtiple base station network is
evident in the reduced level error for the contr@rks used in this testing. Once
again the multiple base method was not as accasat®rrecting from a single base
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station. Figure 4.7 shows that the average rediesad error from the ‘true’ reduced
level for ten minute observations is 0.2289m fogk base processing and 0.3218m
for multiple base station post-processing. If exwaight was placed on the

corrections from Ananga base station files, the amerages would be similar.

5.4 Comparing Trimble Pathfinder Office and Trimble
Geomatics Office

The software packages, Trimble Pathfinder Officd dnimble Geomatics Office

were compared using HRMS and VRMS. RMS error iglusedescribe uncertainty
and summarise the entire error distribution. TheM$Rdescribes the error in the
horizontal distance component. HRMS is calculatg(iriding the square root of the
average of all the distance errors squared. VRMSrdees the error in the reduced
level component. VRMS is calculated by finding fugiare root of the average of all

the reduced level errors squared.

Figure 4.11 shows that the HRMS values are sméier the VRMS values for data
files post-processed using Pathfinder Office, iatiigy that horizontal results have a
better relative accuracy, as explained earlier entisn 2.4.1. Figure 4.11 also
confirms the fact that the zephyr antenna is ablgrbduce results of a higher
accuracy than the internal antenna of the Pro Xddiver, even when using extended
observation times. Figure 4.11 depicts the fadttth@observations taken by both the
Pro XR and Pro XH receivers are able to be postgu®sed to the same HRMS when

using a single base station to post-process astddpn Table 5.15.

Table 5.15: RMS values for post-processing in Trimle Pathfinder Office

Processing method HRMS (m) VRMS (m)
Pro XR (1 base — Ananga) 0.186 0.349
Pro XH internal (1 base — Ananga) 0.183 0.300

The HRMS value for the Pro XR post-processed from lsase station is 0.186m and
for the Pro XH the HRMS value is 0.183m as TablbStates.

Figure 4.12 shows the RMS values for both horidoatal vertical for files post-
processed using Trimble Geomatics Office. It canseen that in Figure 4.12 the
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VRMS values are smaller than the corresponding HRMIBes. The HRMS and
VRMS values also confirm that as observation timeraase, the accuracy also
increases. Values for Table 5.16 have been ad&medFigure 4.12.

Table 5.16: RMS values for post-processing in Trimlie Geomatics Office

Processing method HRMS (m) VRMS (m)
Pro XH (10 minutes - Ananga) 0.581 0.355
Pro XH (10 minutes - H-Star) 1.172 0.394
Pro XH (20 minutes — Ananga) 0.278 0.140
Pro XH (20 minutes — H-Star) 0.799 0.223
Pro XH (45 minutes — Ananga) 0.197 0.102
Pro XH (45 minutes — H-Star) 0.352 0.172

The HRMS and VRMS values as depicted by Table SHdwv that the values for
multiple base post-processing are larger than @meegponding single base station
values. The reason for this is that baselines &dyd0lture and Robina were not fixed

and as a result had a large number of float basebiutions.

When comparing just the HRMS values for observatipost-processed in both
Trimble Pathfinder Office and Trimble Geomatics iC#f the Pathfinder Office
HRMS values are consistently better than the cpoeding Trimble Geomatics
Office values (refer to Appendix R). The reasontfos is due to the fact that a large
proportion of baselines in Trimble Geomatics Offiwere not fixed. The VRMS
values on the other hand portray that both Patéfiffice and Geomatics office are

able to post-process data files to a similar aayufeefer to Appendix S).

When taking into account both HRMS and VRMS valdesnble Pathfinder Office

is able to consistently post-process GPS obsenatigith a higher degree of
accuracy and consistency than Trimble Geomatice®fT his fact is consistent with
either single base station or H-Star post-procgsaid using extended observations.
For this reason Trimble Pathfinder Office shouldtihe software package of choice

when post-processing mapping grade GPS receivenaisons.
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5.5 Manufacturer Claims

An interesting observation was made when perudiegnanufacturer claims; no
reference was made to the confidence interval fockvthe quoted HRMS value is
valid for. It has been assumed to be one standawdtibn from the mean. Claims
regarding VRMS have not been made by the manufacand as a result can’t be
compared with results from this project.

5.5.1 Trimble Pathfinder Office

5.5.1.1 Minimum Time Observations

The claims made by the manufacturer’s for the PRoaxid Pro XH receiver can be
can seen in Appendices C and B respectively. Taldlé shows the claims for the
Pro XR and Pro XH receivers that have been testguhd of this project.

Table 5.17: Manufacturer claims (HRMS) for Pro XR and Pro XH mapping grade GPS
receivers

Post-processing -
Observation time Pro XR Pro XH
Method
Carrier 10 minutes 20 cm not given
Post-processed 20 minutes N/A 10 cm
(1 base) 45 minutes N/A lcm
H-Star Internal N/A 30 cm
Post-processed Zephyr N/A 20 cm

Table 5.18: Comparison between Manufacturers’ claim HRMS and obtained HRMS with Pro
XR receiver post-processed in Trimble Pathfinder Ofice

Observation time Manufacturer’s Claim Obtained Results

10 minutes 0.200 m 0.186 m

HRMS values for Trimble Pathfinder Office can bersén Figure 4.11. The claims
made by Trimble regarding the Pro XR using carpest-processing using ten

minutes can be justified by work undertaken in ghisject. The HRMS value for
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work conducted during this project for the Pro X$tng ten minutes of data is 0.186
m (refer to Table 5.18) when post-processed infipalgr Office. This value is less
than the manufacturer’s claim of 0.200 m thereftie; HRMS values given by the

manufacturer have been confirmed.

Table 5.19 as been adapted from Figure 4.11 ank baby’.

Table 5.19: Comparison between Manufacturer’s clairmd HRMS and obtained HRMS with Pro
XH receiver post-processed in Trimble Pathfinder Ofice

Post-processing - Manufacturer's | Obtained Resultg
Observation time _
Method Claim (m) (m)
Carrier 20 minutes 0.100 0.142
Post-processed
(1 base) 45 minutes 0.010 0.111
10 minutes 0.158
H-Star (Internal —
20 minutes 0.300 0.167
Antenna)
45 minutes 0.131
H-Star (Zephyr — _
10 minutes 0.200 0.074

Antenna)

The manufacturer claims that post-processing ProirXeétnal antenna observations
using H-Star methods gives a HRMS value of 0.30Gms; project has found the
value to be 0.158 m as shown in Table 5.19 whenguBathfinder Office to post-
process ten minute observations, which is less th@&n manufacturer’'s claims.
Results from observations with the zephyr antemoayred an HRMS of 0.074 m
when ten minute observations were H-Star post-gssok in Trimble Pathfinder
Office. The corresponding manufacturer’'s claim i200 m. This means that the
manufacturer's claims when using H-Star post-preiogs of either the internal

antenna of the Pro XH receiver or zephyr antenwa baen verified.

5.5.1.2 Extended Time Observations

Claims made by the manufacturer regarding the tywemd forty-five minute
observations when using the Pro XH internal anteme@n’t verified in this project.

Results from this project are contrary to the valgaren by the manufacturer. The
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manufacturer claims a HRMS value of 0.100m for tiyeminute observations
carrier post-processed. This project has foundréthée to be 0.142 m as can be seen
in Table 5.19 when using Pathfinder Office. The ofaoturer claims the HRMS
value for forty-five minute observations when ppstcessed from one base to be
0.010 m. Results form this project found the vatude 0.111 m as shown in Table
5.19. The manufacturer’'s claims for the extendesgeolation times are were not
verified and may need revising when post-processet) a single base station.

This project has calculated the HRMS values forntyweand forty-five minute
observations when H-Star post-processed to be Ori@nd 0.131 m respectively,
these values are shown in Table 5.19. Both HRMSuesmlare within the
manufacturer’s claim of 0.300 m. The claims madéhgymanufacturer with regards
to H-Star post-processing have been justified ke tésting that this project has

completed.

5.5.1 Trimble Geomatics Office

5.5.1.1 Minimum Time Observations

Table 5.20: Comparison between Manufacturer’s clairmd HRMS and obtained HRMS with Pro
XH receiver post-processed in Trimble Geomatics Oite

Post-processing - Manufacturer's | Obtained Resultg
Observation time _
Method Claim (m) (m)
Carrier 20 minutes 0.100 0.278
Post-processed
(1 base) 45 minutes 0.010 0.197
10 minutes 1.172
H-Star (Internal —
20 minutes 0.300 0.799
Antenna)
45 minutes 0.352

Trimble Geomatics Office was used to post-procds$@ XH internal antenna
observations. The HRMS values for ten minute olzems didn't meet the
manufacturer's claims when post-processed usingtipfallbase stations in this
software package. The manufacturer claims that HRM&uId be 0.300 m, while
Table 5.20 shows the HRMS value calculated fromenlaions taken during this
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project was 1.172 m when post-processed in TrimBeomatics Office. The
differences between the HRMS values are due tdatige number of float baseline
solutions when post-processing Trimble Geomatidg@f

5.5.2.2 Extended Time Observations

Single base station HRMS values claimed by the rfaatwrer are 0.100 m and
0.010 m for twenty and forty-five minutes respeelyv Table 5.20 shows when the
observations taken during this project were post@ssed using a single base station
the HRMS values were 0.278 m for twenty minutes ar®7 m for forty-five
minutes. Neither HRMS values met the manufactur@esns of 0.100 m for twenty
minutes of satellite tracking and 0.010 m for fefitye minutes of satellite tracking.
The difference between the HRMS values is dueddaige number of float baseline

solutions when post-processing Trimble Geomatide&f

The twenty and forty-five minute observation tintBdn't meet the manufacturer’s
claims for H-Star post-processing either. The mactuirer claims that Pro XH
internal antenna observations should have a HRM&38i0 m; the values found in
this project are shown in Table 5.20, for twentyatés the average distance error is
0.799 m and for forty-five minutes 0.352 m. Thesaa for these higher HRMS
values is that when the data files were post-psmxEbaselines from Caboolture and

Robina were not fixed when post-processing in Ttar@eomatics Office.

It is evident that there are problems with the tiyeand forty-five minute
observations. This fact is portrayed by the failof¢he twenty and forty-five minute
observations to meet the manufacturers claimedracguThe manufacturer’'s claims
are not reached when observation files are postessed in either Trimble
Pathfinder Office or Trimble Geomatics Office. Timslicates that the problem does
not lie within the software package but in the obagons taken. To ascertain where
the problem exists the recording of data for fdrte- minutes should be completed

again.
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5.6 Conclusion

The Pro XR and Pro XH receivers are able to achswglar accuracies when

minimum time observations are post-processed wssiggle base station in Trimble
Pathfinder Office especially if the work site i<ébed close to a single base. This
proves that H-Star methods uses a weighted appra&em post-processing data
files.

H-Star post-processing methods is a better cholmnwhe work site is central to the
base stations being used to correct the minimurergh8ons taken; this is because
the H-Star methods use multiple base stations meeciofor atmospheric errors. As
the observation time increases, so does accuréeyzdphyr antenna, because of the
ability to track both L1 and L2 wave lengths, ideatn out perform both twenty and
forty-five minute observations taken by the inté@atenna of the Pro XH receiver.

Pro XR observations and twenty and forty-five oliaBons taken by the Pro XH
exhibit the characteristic: that as baseline lengtiheases accuracy decreases. This

occurs when observation files are post-processed & single base station.

It has been found that Trimble Pathfinder Officalde to consistently post-process
data files using both single and H-Star methods emaaliably then Trimble
Geomatics Office. This fact makes Pathfinder Offecébetter choice of software

package to post-process mapping grade GPS obsersati
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Chapter 6

Conclusions & Recommendations

6.1 Introduction

This chapter will be used to conclude the resuwtsél during this project. These
results will relate to the differences in the reees, post-processing methods and
software packages. The results will be referenogtié manufacturer’s claim, which
relates to the aim of the project: “to compare #lceuracy of Trimble’s Mapping
Grade GPS Receivers against the manufacturermelaising static carrier phase

observations”.

The aim of this chapter is to provide the readehwa summary of the results found
during this project. It is anticipated that oncadiag this chapter, the reader would
have gained an understanding of all project workgleted and the results from the

consequent observations and post-processing astaebm earlier chapters.

An understanding of the results of the project wooknpleted will be provided by

dividing this chapter into two sections; conclusioand recommendations. The
conclusions section will summaries the main faegssubssed in chapter 5, while the
recommendations section will be used to give soxaengles of areas where future

testing and studying can occur.
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6.2 Conclusions

6.2.1 Differences in Receivers

This project has found that ten minute observatiaken by both the Pro XR and
Pro XH receivers are capable of being post-processdhe same accuracy when
post-processed in Trimble Pathfinder Office. Thmeaccuracy is achieved by the
Pro XR and Pro XH receivers, when the Pro XR reseis post-processed using a
single base station and the Pro XH receiver is -postessed using H-Star

technology when control marks are located clogbecingle base.

It has also been found that the zephyr antennalés ta increase the accuracy of
post-processed results gained by using the Pro etidiver. The reader should be
reminded that the Pro XR did not use the zephyerar@. The use of this external
antenna has produced results that are more acdbeatehe internal antenna of the
Pro XH receiver because of the ability to trackdrd L2 carrier wave lengths. By
monitoring these two wave lengths the distortioagsed by the ionosphere can be

modelled and corrected better than monitoring amlg wave length.

6.2.2 Differences in Post-processing methods

The two processing methods used for this projece eeen single base station and
H-Star post-processing. H-Star post-processingaged on using base station files

from a number of base stations during post-prongssi

When marks are located close to the middle of thiiphe base stations, H-Star is a
more accurate post-processing method. The reasprncHoosing H-Star post-

processing when the work site is central to thetiplel base stations, is that by
surrounding the work site the base stations aretbable to monitor the changes in

atmospheric conditions that affect the work sitd eorrect for these errors.

However if the work site is located close to a Erigase station, both single station

and H-Star post-processing give results of the saceceiracy. This is because the
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single base is able to monitor the atmospheric gbdams well as the multiple base

stations can.

6.2.3 Differences in software packages

The two software packages used to post-processbdervations taken as part of this
project were Trimble Pathfinder Office and Trimi@eomatics Office. The software

packages, Trimble Pathfinder Office and Trimble @atics Office were compared

using HRMS and VRMS. RMS error is used to descuabeertainty and summarise

the entire error distribution. The smaller HRMSues as shown in Appendix N for

observations post-processed in Pathfinder Officeé @@ more consistent VRMS

values make Trimble Pathfinder Office a more rééadmftware package to use when
post-processing mapping grade GPS receiver obsmngat

6.2.4 Manufacturer’s Claims

It has been found that some of the manufacturéaisns are not justified. The claims
that need revising are for the Pro XH receiver wipest-processing twenty and
forty-five minute observations from a single badatisn. The HRMS values
calculated as a result of observations taken asop#nis project have been found to

be larger than those figures claimed by the marnuifac
Data files post-processed in Trimble Geomatics deffididn’t pass because of the
high number of baselines that where not fixed smhstespecially with multiple base

station processing.

One point to note is that the manufacturers havéenma claims in regard to vertical

accuracy.
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6.3 Recommendations

It is recommended that further testing be complébedkrify the RL of PSM 40963.
When observations taken at this PSM were post-psackin Trimble Pathfinder
Office, there was a large difference between thaligled RL value and the value
from the corrected files. The other recommendaiaio undertake further testing to
verify the fact that the manufacturer’s claims m®orrect for the twenty and forty-
five minute observations taken by the Pro XH reesiwhen post-processed from a

single base station.

This project has only looked at static observatiaasmentioned in section 1.2.2.
Recommendations for future research come from dhedidhave not been completed
as part of this project. Two main areas of futuredg have been recognised, these
are:

* Dynamic tracking, and

*« The use of real time corrections

Dynamic tracking refers to taking measurementfiaséceiver is moving. Dynamic
observations can be used for a number of applicatsuch as taking measurements
while the user walks around the perimeter of am arealong a kerb or gutter line.
Measurements taken while the receiver is movind i affected by latency.
Latency is the time delay between when a task itsaied and when the action

actually takes place.

The second area of future study is using real tm@ections to correct positions
collected in the field. Both the Pro XR and Pro X¢teivers are capable of using
real time corrections to correct observations takethe field. A real time correction

means that corrections applied by the software g@gek Trimble Pathfinder and
Geomatics Offices can be applied in the field wiile person collecting the data is

still out at the work site.
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6.4 Close

The project has been successful in achieving tbggraim, which was “to compare
the accuracy of Trimble’s Mapping Grade GPS Recsiagainst the manufacturer’s
claims using static carrier phase observations’e Tdim was completed by
accomplishing the project objectives as stateeatien 1.2.2. The objectives were to
use the Pro XR and Pro XH receivers to take staitier phase observations of
varying baseline length and to post-process thdmsereations using single and

multiple base station post-processing
It is hoped that after reading this chapter, ideadurther research can be devised,

and students and others commencing studies wdblbeto use this project as a basis

for their own studies.
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Appendix A: Project Specification
University of Southern Queensland

FACULTY OF ENGINEERING AND SURVEYING

ENG 4111/4112 Research Project
PROJECT SPECIFICATION

FOR: NELSON HARCH
TOPIC: Testing Mapping Grade GPS Carrier
Phase Accuracy
SUPERVISOR: Mr Peter Gibbings
SPONSORSHIP: Faculty of Engineering and Surveyus()
PROJECT AIM: To compare the accuracy of Trimble’agding Grade

receivers against the manufacturer’s claims udiatics
carrier phase observations.

Programme: Issue C, 20 October 2006

1. Undertake a review of current literature regardimgnufacturer’s testing
procedures and results.

2. Establish and/or verify control points to be usadrm the testing phase.

3. Undertake an observation regime with the Pro XRRwadXH receivers.
Internal antennas will be used as well as the Zephyenna with the Pro XH
receiver.

4. Process the data using a variety of software paskd®pckages to be used
are Pathfinder Office and Trimble Geomatics Offidaly Pro XH internal
antenna observations will be post-processed usimgble Geomatics Office.

5. Data will be processed from one base for both vecgj the one station being
Ananga. H-Star processing will be carried out it Pro XH.

6. Analyse the data and draw conclusions with regarddnufacturer’'s claims

Agreed.

P
(ko =
Student: Nelson Harch Supervisor: Peter Gibbings
Date: 24/10/06 Date: 24/10/06
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Appendix B: Pro XR Specifications

Physical

GPS receiver

Size.............. 11.1cmx5.1chO5 cm (4.4inx 2.0in x 7.7 in)
Weight . . ... 0.76 kg (1163
Antenna

Size................ 15.5 cm diaenet 10.8 cm high (6.1 in x 4.2 in)
Weight . . ... 0.49 kg (1.03)
Power .. ... ... ... .. . . ... 6 Watts (maximum), 10 to 32 VDC
Environmental

Temperature

Operating................... =20 °C to +65 °C (-4 °F to +149 °F)
Storage . ........... ... .. =30 °C to +85 °C (—22 °F to +185 °F)
Humidity . . ... 100% fullyeded
Receiver casing . . ..... Dustproof, splastofyrshock-resistant; sealed to 5 psi
Antennacasing................. Dustproof, waterproof, shock-resistant
GPS

General .......... ... ... .. ... ... 12 channel, L1/CA code tracking
carrier phase filtered measurements, multibit chgrt

Antenna . ............. ... ee Right-hand, circular polarized;
Omni directional; hemispherical coverage

Integrated real-time . . .. ........ ... .. .. . ... WAAS or EGNOS
Update rate . . ... 1Hz
Timetofirstfix......... ... ... ... 30 seconds (typica

Accuracy (RMS) after differential correction

PoSt-processed . . . . ... Q ém
Carrier post-processed

With 5 minutes tracking satellites . . . .. ......... ... ... ... ... 30 cm
With 10 minutes tracking satellites . . . .. .................... 20 cm
With 20 minutes tracking satellites . . . .. .................... 10 cm
With 45 minutes tracking satellites . . ... ..................... 1cm
Real-time . . . .. .. Bwetre

Source: Trimble 2006l
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Appendix C: Pro XH Specifications

Physical

Integrated GPS receiver, antenna, and battery

Size............. 10.6 cm x 4.0 cmdx6lcm (4.2 in X 1.6 in X 5.75 in)
Weight . . ... 0.53 kg (1.09 |
Power

Low (GPS 0Nnly) . ..o 0.8aws
Normal (GPS and Bluetooth) . . . ......................... 1.0 Watt
High (optional Zephyr antenna, GPS, and Bluetooth). . . .. 1.6 Watts

Battery . .User replaceable lithium-ion, chargeablenit,12.6 Watt hours

Environmental

Temperature

Operating..................... —20 °C to +60 °C (-4 °F to +140 °F)
Storage . .. ... —30 °C to +85 °C (-22 °F to +185 °F)
Humidity . .. ... . 99% non-condensing
Casing......... Wind-driven rain and drestistant per IP 54 standard
Drop........ 1.22 m (4 ft), MIL-STD-810F,dthod 516.5, Procedure IV
Vibration . . Vibration resistant, MIL-STD-810F, Med 514.5, Procedure |
Shock......... Shock resistant, MIL-STDOB1Method 516.5, Procedure |
Input/output

Serial . ... Dual port in single DE9
Bluetooth . .................. RMNA/TSIP Serial Port (SPP) services
Interface . .. ... ... e Power button, 3 status LEDs
GPS

Channels..................... 12 (L1 code and carrier/L2 carrier)
Integrated real-time . . . .. ... ... . SBAS
Updaterate . . ... e 1 Hz
Timetofirstfix....... ... .. . ... 30 seconds (typical)
Protocols . ......... TSIP, NMEA (GGA, VTGLL, GSA, ZDA, GSV, RMC)

Accuracy (HRMS) after differential correction
H-Star post-processed

With internalantenna . . .. ... ..o 3Abc
With optional Zephyrantenna . . .. ............. ... ... ..... 20 cm
Code post-processed . . ...t mmmm e Sub metre
Carrier post-processed

With 20 minutes tracking satellites . . ... ................... 10 cm
With 45 minutes tracking satellites . . . .. .................... lcm
Real-time (SBAS or external RTCM source) . ............Sub metre

Source: Trimble 2006k

75



Appendix D: Permanent Survey Mark Information

Permanent Survey Mark Information

Mark

PSM 1901

PSM 35751

PSM 40424

PSM 40435

PSM 40827

PSM 40963

PSM 59005

PSM 61403

PSM 61742

PSM 89889

PSM 107948

PSM 112927

PSM 112928

PSM 132088

Easting

429520.527
369799.842
394860.175
394349.531
400593.839
398848.830
391674.488
389641.400
432244.688
430278.473
426531.436
391446.340
389728.340

431357.061

Northing

6952001.654
6956678.574
6945489.266
6948315.224
6952343.303
6950425.672
6952126.284
6954461.975
6951779.551
6953943.686
6954501.309
6950826.861
6951057.972

6948121.418

RL

100.750

708.203

683.293

682.050

614.622

665.198

615.218

583.097

93.950

114.052

129.513

607.311

542.529

124.070

Zone

56

56

56

56

56

56

56

56

56

56

56

56

56

56

Datum

GDA94

GDA9%4

GDA9%4

GDA9%4

GDA9%4

GDA94

GDA94

GDA94

GDA94

GDA9%4

GDA9%4

GDA94

GDA9%4

GDA94

Fixed by

GPS

GPS

GPS

TRIG

GPS

GPS

GPS

GPS

GPS

GPS

GPS

GPS

GPS

GPS

Datum

AHD D

AHD D

AHD

AHD

AHD

AHD D

AHD D

AHD

AHD D

AHD D

AHD D

AHD

AHD

AHD D

Fixed by

GPS

Spirit
Levellina
TRIG

Spirit
Levellina

GPS

GPS

GPS

GPS

Locality

Gatton
Toowoomba
Toowoomba
Toowoomba
Toowoomba
Toowoomba
Toowoomba
Toowoomba
Gatton
Gatton
Gatton
Toowoomba
Toowoomba

Gatton
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Appendix E: Settings used with the Recon data coltéion device

Logging Settings

Log Velocity Data
Log H-Star Data
Log Super Correct
Data

Antenna Height
Allow position update
Confirm end feature
File name prefix
Between Feature

Co-ordinate
Settings

System

Zone

Altitude Reference
Altitude Units
Geoid Model

Geoid
Co-ordinate Unit

Display USNG

no
Auto

yes

Confirm
No

R

off

Map Grid of Aust
56

Mean Sea Level
m

other

DMA 10*10
Global

m

off

GPS Settings

GPS receiver port
DOP Type

Max DOP

SNR

Min elevation
Velocity filter
NMEA

RTK Precisions

Units

Distance units
Area units
Velocity units
Angle units
Lat/Long Format

Offset format
North reference
Magnetic
declination

COM 3
PDOP

39
15°
off
off
N/A

m

m2

km/h

degrees
DDMM'SS.SS"

Horizontal/
Vertical

TRUE

auto

77



Appendix F: Trimble Pathfinder Office Post-processing settings

Version 3.10 of Trimble Pathfinder Office was u$edpost-processing completed
during this project

These can be found under the options tab

units x|
Distance: | Kilometers ok |
Area |Hectares il (e
Velocity: | Kitometers per hour =]
Heip
Dffsets: [ Meters | —l
— Dffset Distance Format Delauit

" Slope Distance and Inclnation
+ Honzontal and Verical Distance

Precisions: | Milimeters

Lef Lo

Confidence: | 68% Precisions
~North Reference
& Trse
™ Magnetic
Automatic Declinstion
" Magnetic

b zrviel ek ratiny 1000000

Coordinate System

~ Select By

% Coordinate System and Zone
(= Bite

Il

H

Sytan: |Map Girid of Austialia [GDA)

Zonel | Zone 56
Daturr,  ITRF

[KH|EY

 dltitude Measured From
" Height Abave Elipscid (HAE)

%' Mean Sea Level [M5L)
Geoid Model

' Defined Geoid [AUSGEDIDSE [Ausiiala]]
" DOther

Geoid |,-.-..u SREDIDSA [Susiaha] |

Coordinate Lnits: IMeters ;I
Altibude Units: I Meters :I

When data files were post-processed using one Béaegard Carrier Processing
Only was selected in the Differential Correction2éfd

When data files were post-processed using H-Sténads, H-Star Carrier
Processing Only was selected in the Differentialr€xion wizard.
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Appendix G: Trimble Geomatics Office Post-processig settings

Trimble Geomatics Office version 1.63 was usedHierpost-processing of Pro XH
internal antenna observation files.

Project Properties

2]
Featuies: Repotting ] Recompute
Project Details Coordnate System | Ulniks and Format
Value |
Ry
ProXR_Ananga
Metiic Template

| 28/10/2006

[ ok ]! cecel | zoob |

Project Properties ﬂll
Features | Reparting | Recompute
Praject Details Coordinate System | Units and Farmat

r— Coordinate system settings

Sites [{iot zelected

System: tap Grid of Australia [GDA)
Zone: Zone 55

D atun: ITRF

Geoid model: ALUSGEDIDSS [Australia)

— Local site settings

Froject latitude: ? Change... |

Froject longitude: ?

Project height: ?

Coordinate display: Grnid coordinates
Dietails... Save 55 Site... |

0k | Cancel Apply
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Project Properties 2lx

Features | Fieparting I Recompute I
Project Details I Coordinate System Units and Faormat

&me \-"‘;Iue |

Coordinate Meters -

Elesation/Height Meters

Coordinate decimal places 3 decimal places

Coordinate order E 5zt firat

Display cursor position as (Grid

Distance teters =

Distance decimal places 3 decimal places

Display distance as Ellipzoid distances [Sea level distances)

Area Square meters

Area decimal places 3 decimal places

Anale units Degrees

Anale farmat [deqgrees) DOD MM'SS

Angle format [grads/milz) 4 decimal places LI

Ok I Cancel | Apply |

Under the Survey tab, GPS Processing Styles, goostyprocessing style was made.
This processing style was called USQ. USQ was & obfhe default Trimble Post-
processing style with the following changes

usg x|
Elevatian mask [deg): |'| 5 | oK I

Ephameriz: |Bmadcast 'l Cancel I
Salution type: IFi;-;ed vI Advanced... |

Under the Advanced button the following changeseweade

s 2] x|

Static | Kinematic | Global | Gualty Trapo |lona | Events | OTF Search |

Model [ Nie =l

Estimated zenith delay interval (hr): |3

¥ Usa obssrved mat data
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Appendix H: Comparing the average and standard dewtion of

Fixed and Float baselines

Metres

Comparision between Fixed & Float baselines(Distance)

0.900
0.800
0.700
0.600
0.500
0.400
0.300
0.200

0.100

0.000

Fixed Float
Solution Type

OAverage
B Standard Deviation
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Appendix I: Comparing the average and standard dewtion of Fixed
and Float baselines

Metres

Comparison between Fixed and Float baseline solutions (RL)
0.500
0.450
0.400
0.350
0.300
0.250
0.200
0.150
0.100
0.050

0.000

Fixed Float
Solution Type

OAverage
B Standard Deviation
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Appendix J: Average and standard deviation of mininum time
observations post-processed with Trimble PathfindeOffice

Metres

Average and standard deviation of all minimum time observations (Distance)

0.3000
0.2500

0.2000

0.1500
0.1000
0.0500
0.0000

Pro XR (1 base) Pro XH (1 base) Pro XH (H-Star)
Post-processing Style
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Appendix K: Pro XH — Post-processed from Ananga

Difference from True (Metres)

1.200

1.000

0.800

0.600

0.400

0.200

0.000

-0.200

-0.400

ProXH - Post-processed from Ananga

PSM Names

—o—AE
—&— AN

ARL
—»<— Distance
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Appendix L: Pro XH — Post-processed by H-Star

Difference from True (Metres)

1.000

0.800

0.600

0.400

0.200

0.000

-0.200

-0.400

-0.600

-0.800

-1.000

-1.200

ProXH - Post-procesed by H-Star

PSM Name

—o—AE
—— AN

ARL
—<— Distance
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Appendix M: Pro XH 20 minutes — Post-processed frorhnanga

Diference from True (Metres)

0.400

0.300

0.200

0.100

0.000

-0.100

-0.200

-0.300

ProXH 20 minutes - Post-processed from Ananga

PSM Name

—o—AE
—&— AN

ARL
—»<— Distance
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Appendix N: Pro XH — Post-processed from Ananga

Difference from True (Metres)

ProXH 45 minutes - Post-processed from Ananga

0.350

0.300

0.250

0.200

0.150
—o—AE

0.100 AN

' ARL

—<— Distance

0.050

0.000

-0.050

-0.100

-0.150

PSM Name
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Appendix O: Average and standard deviation of mininum time
observations post-processed with Trimble GeomatidSffice

Metres

1.8000

1.6000

1.4000

1.2000

1.0000

0.8000

0.6000

0.4000

0.2000

0.0000

-0.2000

-0.4000

Average and standard deviation of all minimum time observations (Distance)

Post-processing Style
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Appendix P: Co-ordinate errors for fixed baselines

Distance form True (m)

0.200

0.150

0.100

0.050

0.000

-0.050

-0.100

Fixed Baselines Pro XH - Post-processed from Ananga

Marks

—o—AE
—&— AN

ARL
—»<— Distance

89



Appendix Q: Co-ordinate errors for fixed baselines

Distance from True (m)

1.500

1.000

0.500

0.000

-0.500

-1.000

-1.500

Float Baselines Pro XH (TGO)

Marks

—o—AE
—&— AN

ARL
—»<— Distance
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Appendix R: Comparing HRMS values in Trimble Pathfinder Office

and Trimble Geomatics Office

Metres

Comparing Path Finder Office and Geomatics Office (HRMS)

1.400

1.200

1.000

0.800

0.600

0.400

0.200

0.000

Pro XH Pro XH 45 Minutes 45 Minutes 20 Minutes 20 Minutes
(1 base) (H-Star) (1 base) (H-Star) (1 base) (H-Star)

Post-processing Style

OPFO
EBTGO

91



Appendix S: Comparing VRMS values in Trimble Pathfnder Office

and Trimble Geomatics Office

Metres

0.450

0.400

0.350

0.300

0.250

0.200

0.150

0.100

0.050

0.000

Pro XH
(1 base)

Comparing Path Finder Office and Geomatics Office (VRMS)

Pro XH
(H-Star)

45 Minutes 45 Minutes
(1 base) (H-Star)

Post-processing Style

20 Minutes
(1 base)

20 Minutes
(H-Star)

OPFO
EBTGO
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