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Mapping Greens at City Golf Course

ABSTRACT

Golf clubs need to present information about tlyeineral golf course layout, distances,
topography of greens, tee positions and hazardssintable format for all players, both
professional and social.This dissertation will concentrate on mapping of treens at
Toowoomba City Golf Course to create a contour jidaireach of the greens. This will update
existing map information and add additional infotimia to what is currently available through
the Golf Club.

A combination of GPS, robotic total station anditdigscanner were used to collect
positional information on the greens. An accurasgessment was performed on the
information collected to determine the most acaunatethod of data collection to
provide a contoured surface that represents tleedontours of the actual surface. A
number of maps were created using AutoCAD, Terrahatd Trimble Geomatics
Office software packages. A wall mounted map ekgs has been produced, to replace
the existing map, showing location of greens anphcaht features. This map is
designed to show golfers the location of the holeeach green for the day’s play. The
map hangs at the Golf Club beside the Pro Shopsanddated by greenkeepers as pin
placements change. Individual green contour pleese also produced for the Golf
Club to use in their marketing strategies when aeating new members and
competitions. The plans are also to be used amdditional service to members and
social golfers to assist in reading the roll ofithmll when putting for improving their

game.
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CHAPTER 1

INTRODUCTION

1.1 Introduction

Golf has become a popular past time for a widescgestion of the community
irrespective of background with everyone equal &e golf course. Both
professional and social golfers are always lookanga competitive edge to improve
their game, whether that is a personal challengedoce their own handicap, to
better their playing partner or the chance for ggizn all levels of competition.
Specific details on the slopes and distances ofitbkens can be valuable in deciding
how best to approach the hole and play the greeadiuce the number of strokes

needed to sink the ball.

The Toowoomba City Golf Course (TCGC) is currenitydergoing some major
course and green redesign work to lower the caatsgg from a par 72 to a par 71.
The 18 hole golf course is limited with what candome in the redesign work as the
course is bound by residential allotments and neallection roads on all sides.
Due to this the course can not be lengthened, ftireréhe course needs to be made
harder through adding more hazards and changinggteéens to include more

undulations.

By mapping the greens and providing contour plahthe greens the additional
information can be used by all players to assighioroving their game. There is an
existing plan of the greens located on the waltiolet the Pro shop that is dated and
also requires updating to include the new greélfse aim of this dissertation is to
provide both an updated plan and the additionarmétion of a contour plan of

each of the greens.

Chapter 1 - Introduction 1
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1.2 Research Aim and Objectives

The aim of the project is to map the shape andestdphe greens at Toowoomba
City Golf Course (TCGC) and provide a contour ptdreach green. This will be

achieved through completing the following stages:

* Undertake a review of the accuracy of various nappechniques appropriate
for the mapping of the greens.

« Establish and verify control points to use during mapping process.

» The measurement of the greens and the surroundirgyds, bunkers, trees and
water.

« The 3D mapping of greens using a combination ofhoud, (GPS (Global
Positioning System), robotic total stations andtdigcanner).

» Create a hard copy map of greens and adjacentrésatund a digital contour
plan of each green at the TCGC.

* Analyse and compare the accuracies achieved imtggping and contouring

using the different methods.

The dissertation has two main objectives that ballmet. These objectives are as
stated below:
* Determine the best technique to map a surface asiaplf green or lawn
bowl green.

» Create a contour plan of each of the playing gre¢ I GC.

1.3 Justification

Golf clubs are like any other business and areifgpkor a marketing edge to
increase their membership and provide acceptablenseto all stakeholders. One
way this can be done is by providing informatiortiie playing members and social

golfers that may assist in improving the handiciaplayers.

Professional golfers look for as much informatios @ossible to provide that

competitive edge to lower their score. The infaiora that can prove useful

Chapter 1 - Introduction 2
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includes distance and slope information when pgt#ia this is a crucial part of the
game. This is currently evident with caddies regplito map courses prior to
competition play to be able to provide the bestspe information on the best line
and direction when putting as well as distancesgiach fairway as approach shots
are played. By having this information, the corr@ab selection for approach shots
can be made to assist in a low scoring round graengo different. By having an
accurate map of each green, the roll of the balll=apredicted to assist in putting.
Good putting can make the difference between adowring round and failing to

make the cut.

1.4 Scope and Limitations

This project is limited to the mapping of green§@GC and will not take into
consideration any outside effects to a ball in pkat may affect its the roll on
the surface of a green. Contours will be createdming to the green surface

at time of mapping with the various methods.

Copies of the plans created will be provided to Tle®mwoomba City Golf
Club to be used at their discretion, for the puepofan information service to
members, guests and social players of the coufidee information is also
available for their use as a marketing tool to prtarthe club and attract new

members.

1.5 Conclusion

The research will determine how best to createviddal plans of each of the
TCGC greens in a format that all professional aaad golfers can access and use
in determining how better to play the ball. Thformation can also be useful as a

marketing tool by the TCGC to attract new membesadditional competitions.

Chapter 1 - Introduction 3
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Any additional information available to professibaad social golfers can be used

as a tool to lower a golfer’s score.

A review of literature will identify various apprdpte mapping techniques used in
the surveying industry to determine the accuracy dmnctionality of the
techniques. The techniques established will be @sethe design and capture of

data for processing to obtain a user friendly g@an.

Chapter 1 - Introduction 4
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CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

Golf is a game played by all age groups from sogahes through to professional
competitions with large sums of money involved. eTgame can be extremely
competitive as players look to either improve tloeun personal best scores or that of
their playing partners. Golfers today look for anmfprmation which may assist them
in lowering their score such as contour maps oémge This chapter will review

literature required to establish the need for magpif golf green surfaces.

Different mapping systems will be reviewed and eatdd in the process of creating
a contour plan with the required accuracy. Varisusvrey techniques and methods
are also covered in this chapter as their conaegoisbe used to map golf greens at

any course.

The review will be presented in several differeategories. The first will look at
how greens are currently analysed by players dewdlls, during play and mapped
prior to play. The legality to using tools to a&s player will also be clarified. The
different survey methods to be used during the dapdure will be looked at during
the second section. This will cover laser scanngigbal positioning systems and
conventional surveying techniques. Section Thrékleok at what information is

currently publicly provided by golf clubs.

Chapter 2 — Literature Review 5
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2.2 Analysing Golf Greens

2.2.1 Determining Ball Roll on Golf Greens

Reading the roll of putting greens is a major @raje to all golfers both professional
and social. Not only is this a challenge, it isigportant part of the game that can
significantly influence the difference between addow score and failing to make

the cut.

Players and their caddies take their time in deteng the roll of the putt across the
playing surface. By reading the undulations arel gspeed accurately a golfer can
make any putt look easy. Practice and experiesdle only way to read greens
effectively. Golfers and their caddies currentle @svariety of methods to assist in
determining which direction the ball will breakcéuas:
e Using the putter as a plumb bob to determine the dif sight. Figure 2.1
demonstrates this action.
* Viewing the line from as close to the ground asspgme to try and
visualise the slope of the green. Figure 2.2 shbggsr Woods preparing
for his putt using this method.

» External equipment to assist determining the moibf to play).

External devices are only allowed to measure digtaigluring play. Local rules need
to be checked before using such equipment, astiasato their use may apply. The
international rules of golf do not allow for theeusf any device designed to measure
other conditions during play that might affect play an amendment issued by the
governing body for golf rules and regulations, Bwyal and Ancient Golf Club of
St Andrews (R&A), in December 2005 the followingstated

“a player may obtain distance information by usiaglevice that measures distance
only. However, if, during a stipulated round, ay#a uses a distance measuring device
that is designed to gauge or measure other comdtitat might affect his play (eg,
gradient, windspeed, temperature, etc), the plagen breach of Rule 14-3, for which
the penalty is disqualification, regardless of wietany such additional functions are

actually used.”
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Golf Australia also states “The R&A further advigkat any such Local Rule must
prohibit the use of a distance measuring device ihacapable of gauging or
measuring other conditions that might affect plkyen if such a function is not

used.” Golf Australia also endorses these positions

Figure 2.1 Phil Mickelson using his putter as anghubob to pick a line.

Sourcewww.qolf-live.at

b
ul""P"' |.ruu.1-|= i

—, = W o ¥

Figure 2.2 Tiger Woods visualising the roll of pigtt.

Sourcewww.bizrate.com
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2.2.2 External Device

The EyeLine Golf Green Reading Level as shown gufé 2.3 is one external device
that is used to enable golfers to roughly map thection of fall on a green. This

form of mapping provides limited information on eegn and the accuracy of the
information relates to the user’s ability to drawlan and collect information around

the green. An example of a map drawn using thikateis shown in figure 2.4.

Figure 2.3 The EyeLine Golf Green Reading Level.

Sourcenhttp://www.eyelinegolf.com/grl-tour.php

Legend: I Sprinkler Head  [E3] Drain
Maund o Edge of B unker

Figure 2.4 An example of a map created with theeGReading Level.

Sourcenttp://www.eyelinegolf.com/grl-tour.php

Chapter 2 — Literature Review
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2.3 Surveying Techniques

Various surveying techniques and methods are usédei surveying industry today
for numerous types of projects. For this projéoeée methods of surveying have
been used. The methods of data collection used digital laser scanning, GPS and

robotic total station.

The techniques for collecting the point data f& @PS and robotic total station were
taken from Surveying Practice 1 through 4 run aQU¥he method of conducting a
detail survey was to collect point data at the tapd toes of any slopes and a grid
pattern over flat areas to fill in the required aareThe points collected were to
provide the most accurate representation of thiacewr Through the areas with the
greater undulations, more points were gatherednfwrave the accuracy of the final

contours.

Chapter 2 — Literature Review 9
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2.3.1 Digital Laser Scanning

The 3D Terrestrial Laser Scanner available for ghigect was the Riegl 3D-Laser
Mirror Scanner LMS-Z210. This is a rugged andyfydbrtable sensor designed for
the rapid acquisition of high-quality three dimemsl images. Th&®RIEGL LMS-
Z210 provides a wide field-of-view, high accuraagd fast data acquisition. A laptop
with I-Site software, enables the user to instaatguire high-quality 3D data in the
field.

Figure 2.5 Riegl 3D-Laser Mirror Scanner LMS-Z2210

(Sourcenttp://www.riegl.com/terrestrial_scanners/Ims-z21/210ii_all.htn)

Laser scanning can be used in a wide variety ofiGgons for the quick capture of
large volumes of data. Applications range from ¢ngineering, civil, architectural,
3D modelling and more. Scanning offers some adgastaver traditional surveying,
which include:

e Time and cost savings during data capture

* Complete 3D modelling of structures and surfaces

« Data can be collected remotely as no prisms angrest

» Can be used under any lighting conditions, indoorsutdoors

Chapter 2 — Literature Review 10
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The Riegl scanner operates on a time of flight mesasent principle. This is where
short laser pulses in the infrared wavelength regice emitted and the reflected
signal is collected. The time difference betwemmgmitted and received pulses is
calculated to provide a distance (Riegl 2001). tharrtechnical specifications are

available in Appendix B.

2.3.2 Global Positioning System

Global Positioning Systems (GPS) are a method gfiiaag positional information
via a network of satellites orbiting the earth. e are different levels of accuracy
available through GPS, depending on the method. usgeherally GPS is divided

into three main categories. These are listed beidable 2.1

Table 2.1 GPS Accuracies Obtainable
Type of GPS measurement Precision Obtainable
Point positioning +/- 100 Metre
Differential GPS Sub Metre
Surveying GPS Centimetre

Source: Trimble Navigation Limited (2003)
Differential GPS was the chosen method to capheedata for the initial green plan.
This form of GPS measurement was chosen as thenstrie- accuracy obtainable

was deemed to meet the requirements of a golfex §peen and hazard plan.

Surveying GPS or Real Time Kinematic (RTK) GPS waemed to be the level of

accuracy required in order to create an accurataoplan.

Chapter 2 — Literature Review 11
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Figure 2.6 GPS base station setup.

The GPS data collection requires two receiversecbtig data simultaneously
from a minimum of four satellites. One of the ligees is fixed at known
coordinates, this is known as a base station, lmmddcond of the receivers is the

rover used for collecting data at the required tiocs.

As with any survey technique, errors can occurughoeither human errors or
instrument errors. Possible forms of human emolude:
* Misreading antenna height measurement
* Incorrect data entry, transposing numbers, wrongumda, using
incorrect coordinates
* Rushing observations and shortening observatioastim

* Poor levelling and centring over points
GPS instrument errors include:

» Satellite geometry — Also known as Dilution of Rsean (DOP) errors.

These indicate the quality of a GPS position.
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* Selective availability — Is a degradation of theSG#atellite signal. The
US Department of Defence purposely introduced &ficeal distortion
of the satellites location and time. This was édgroff on 1 May 2000
and can be turned on if required.

e Atmospheric effects — The troposphere and ionogpban cause a delay
in the GPS signal and can be eliminated by usiogt &fase lines.

e Multipath — Occurs when the GPS signal is reflectkd surface taking a
longer path to reach the receiver and the receeemives the signal from
multiple paths. Surfaces that can cause multipatiude trees,

powerlines, buildings and the surface of the ground

2.3.3 Robotic Total Station

The Trimble S6 is a Robotic Total Station that iffully robotic operation enabling
the user to work independently of the instrumentlaasy as a line of sight is

obtainable.
The 360 degree prism can be used in conjunctioh thié Trimble GPS receiver.

The levelling bubble located on top of the prisneasily removed to allow the GPS

receiver to attach to the same pole for simultaseme. This is shown in Figure 2.7.
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Figure 2.7 GPS and S6 prism attached to same pole

Source: Trimble

2.4 Golf Course Information Provided

2.4.1 Hope Island Golf Course

Hope Island is one course that provides greennméition on their web page. The
detail provided is limited to distances from thenfr of each green to points on the
green where undulations are and the distance thrtmuthe rear of the green. Figure

2.8 shows the first hole at Hope Island Golf Clald ¢ghe information provided.

Chapter 2 — Literature Review 14



Mapping Greens at City Golf Course

Figure 2.8 The first green layout at Hope Islandf Gtub

Sourcehttp://www.hir.com.au/golf/holebyhole/holel.asp

The symbols used to indicate slope can be confusirijose using the information
as there is no indication as to the direction opslor the high/low points, generally
this can be determined once reaching the greenweler subtle slopes and grades
are not obvious or shown on the green plans. flais does not show if the green,
as a whole has any major slope such as front tk takeft to right which could play
a major role in the final resting place of an apfoshot or affect a long putt across
the direction of fall.

2.4.1 Club Pelican Golf Course

Club Pelican also provides green information onrtveb page. The Club Pelican

format uses arrows and shading to indicate thetitire and grade of the fall.

As with the symbols used on the Hope Island weleghg information is limited
and there is no real indication as to the levefatif Once again the plan does not
show if the green as a whole has any major slople as front to back or left to right.

Figure 2.9 shows a green layout provided at Clulc&e

Chapter 2 — Literature Review 15



Mapping Greens at City Golf Course

Figure 2.9 The first green layout at Club Pelican

Sourcehttp://www.pelicanwatersgc.com.au/golf-course-layohp#

2.5 Conclusion

Other factors that can influence the roll of a duafl on a green include;

* Moisture

» Grass type and cut

» Direction and height of cut

* Wind speed and direction

* Plug marks
These are outside the scope of the project. Toiegt focuses on the contouring of the
existing surface by a number of methods to detegrtive most effective and efficient

method for providing the service.

Many golf courses do not provide information asthe slopes of greens and the
directions they roll, this is left up to the play&r determine for themselves. By
providing contour plans, the golfer could plan s/ approach shot a little better to

improve his/her position for easier putting whilmng to improve their score.
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A lack of information was available on the spedfmf mapping golf greens and other
similar surfaces such as that of bowling greenesmé&of the businesses that provide a
green mapping service are reluctant to providermétion as to their procedures for
producing contour plans for golf greens other tt@mrsay it is a detail survey and no

different from a large scale detail survey.

Some golf courses currently provide limited butefyeavailable information as to the

slope of the greens, with many providing only atlioe if any information is provided

at all.

Chapter 2 — Literature Review 17
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CHAPTER 3

METHODOLOGY

3.1 Introduction

Providing 3D data to golfers will assist in improgi their game through a better
understanding of slope, distance, putting direcétm The information needs to be
in an easily accessible and readable format. Termhkne the best accuracy and
most reliable mapping method, green maps will leated and compared using three

survey techniques.

The aim of this chapter is to discuss the companesed in providing a contour
plan of the greens at TCGC. This will be achielsgdliscussing how the data was

collected and processed through to how the plame presented and created.

3D digital scanning, RTK GPS and conventional syinge methods will be used for
this dissertation to provide a contour plan forheaf the greens at TCGC. The
information collected from each of the methods wilbvide a series of points which
will be contoured using a computer aided draftiaghkage or CAD program. The
data from each method will be compared for levdlsaccuracy to provide an
accurate final plan of each green. By providing thformation to the TCGC, they
will then able to pass this information on to mensbend visitors. The information
can also be used as a design tool for any furtberse redesign or rebuilding the

greens in future upgrades.

Chapter 4 — Methodology 18
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3.2 Data Capture

3.2.1 Global Positioning Systems

Differential GPS or mapping grade GPS was usedllyitto obtain an outline plan
of each new green and surrounding hazards, burtkees, and water. This was used
to update the existing green plan located outsidePro shop at TCGC. The edges
of the greens and any hazards in the immediatenityicwere mapped using
Trimble’s Pro XR GPS receiver. From the data gatth¢he updated green plan was
produced for display. The data collected was ldggea time interval basis, where a
point was recorded every second as the receivemwaieed around each feature to
be mapped. By using the Pro XR along with a reseiv backpack allowed for real

time corrections to be calculated reducing the ggemg required for the data.

For RTK GPS, a rover GPS unit was required alonfy wibase station. The base
station was a rover set up over a known mark witradio emitting positional

information as shown in figure 2.6.

In order to set up a base station a fast stateyuwvas conducted using PSM 40382
which is known to have good coordinates, eastinghmg and height, and Ananga,
the base station located on top of Z Block at Thesérsity of Southern Queensland,
Toowoomba campus. The third mark, the base statama star picket placed at the
TCGC in a clear area out of play between th&€ gfeen and the 13and 14
fairways. Two setups are required to provide redmh base lines and prevent any
closed loops during processing. Trimble data cdetis, TSCes were used to collect
and store the data. Once a job had been creatkd sontroller the fast static survey
style option was used to measure points and logaHected data. For each setup,
data was logged simultaneously at each positiopravide a minimum of ten
minutes of overlapping data at each station. Qhesfirst block of data had been
collected each of the receivers was reset ovesdhee mark and the process repeated
for the second setup. The processing of the irdtion will be discussed later in this

chapter.
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Once the base file had been reduced and the catedidetermined the collection of
green information could commence through a RTK eyrvThe first of the RTK

surveys was to establish control marks at eacheofjteens. The control marks used
were sprinkler heads, hundred metre markers, dupeted on the tee boxes and
other fixed marks found around a green. Each efpghints was collected as a
control point requiring twenty epochs of data beftire point could be stored. This
file was then later used when importing the conpahts into the S6 to be used for

setting up a station at each green.

Second of the RTK surveys was in conjunction witle tS6 when the green
information was collected. Both the S6 and RTKnp®iwere collected at the same

point and time to allow for an effective comparisgmiween the two surfaces.

3.2.2 3D Digital Laser Scanning

The scanner used for the data capture was the Ri#§Z210. Due to the size and
the weight of the scanner a golf cart was loanethfthe TCGC to transport the
scanner and all other required equipment arounadliese. The scanner was setup
over a coordinated position, a sprinkler head, with coordinated targets placed
around each green to provide orientation of eaalm snto the Map Grid Australia
(MGA) coordinate system. In doing this, it enabfeda direct comparison between
each method to be conducted. The marks were cwiedi using an RTK GPS

survey.

The Riegl scanner works on the principle of timeflafht measurement of laser
pulses in the infrared wavelength. Time of fligaters to the time interval between
transmitting the infrared light pulse and receivihg pulse. Technical data for the
Riegl LMS-Z210 can be found in Appendix B

The golf greens scanned were selected to coverge 1af slopes and sizes. In all, six

greens were scanned due to the limited availalofitthe scanner and access to golf

course.

Chapter 3 — Methodology 20



Mapping Greens at City Golf Course

In the scanning process, all the greens scannesl atde to be captured with just the
one set up. For each set up, the scanner was Jinkedable to a laptop running the
I-SITE Studio software to operate the scanner &me $he data. This can be seen in

Figure 3.1, a target used is also shown in thedracid.

Figure 3.1 Scanner setup at tiiegteen

Two scans were completed at each of the six greesrsned. To collect the data on
each scan it is possible to set and limit the fafldliew for each scan. This can be
done for both the horizontal and vertical anglé¥hen performing the scans the
angle of scan was set to cover the entire gredns dngle varied depending on the
location of the scanner. On the smaller greengevtiee scanner was set up to one
corner, as at the f0green, the angle was limited to 90 degrees. H@nldrger

greens such as th8and &' where the scanner was positioned to the middiaef

green, the angle of scan was set to 180 degrees.
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As well as limiting the angle of scan the minimundanaximum distances of scan
were set to reduce the number of points collectBdie to the positioning of the
scanner on each occasion, the minimum distancesetas the limit of instrument at
two meters and the maximum was set to cover thgtheof the green plus an
additional 5 to 10 meters to include the targef®his particular function of the
scanner was not operational at time of use, cauwsiagge volume of additional data
to be collected. As a result the scanned imagedateto be cropped to the limits of

the green during processing.

To collect a scan the I-Site program provides a lmemof preset options as to the
intensity of scan required. For the purpose of filtoject, the fine scan option was
used as, at this intensity, the fringe of the greeuld be clearly seen in the scan.
This allowed a boundary to be set as to the limitthe green. The other options
from course through to ultra fine were determinegrtovide excessive data or not
enough to show the fringe line. Figure 3.2 shovesr@en capture of a scan at the

second green where the fringe can be clearly seen.

Figure 3.2 Scan of second green
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After the data has been acquired, the informateeds to be processed to filter out
unnecessary points and align the scan onto thdareelquoordinate system, MGA.

Processing of the data will be discussed latenigi¢hapter.

3.2.3 Robotic Total Station

To prevent additional marks being placed aroundh egeen, sprinkler heads were
used to set up over with the one hundred metre enauksed as a backsight. If a one
hundred metre marker was not available, such ahe@short par three holes, a sign
located at the tee box was used for this purpoBeese marks were coordinated

using the RTK control survey.

The number of observations required for each gvaeied due to the size, shape and
level of undulations over the green. To providedocurate contours, between two

hundred and four hundred points were collectecel ef the greens.

The Trimble S6 was the instrument selected ofghigect, as the S6 has the capacity
to be operated by a single person and was provitedgh the USQ. A topo plate
was made to attach to the base of the range paleptace the usual spike. The
purpose of the plate was to prevent damage toréengand allow the measurement
to give a true indication of the surface. By usaball joint to attach the topo plate

to the pole, it allowed the pole to be levelledmatter what the slope of the green.

The S6 was set up at each green in tracking motlte avB60° prism. A string of

points were collected around the edge of each gasem boundary to the area to be
contoured. This was followed by points covering siurface of the green. The points
were collected along the tops and toes of any alsvigrade changes as well as

collecting other points to allow the CAD programaitcurately contour the surface.

The density of points over each green varied, basedhe detail required to
accurately represent the surface. Over large @ipesections, the spacing of points
increased, while they decreased over heavily sl@peds to provide a true indication

of the slope.
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3.2.4 Check Observations

In order to provide a check of the accuracy of eaficthe survey methods used, a
series of independent random points were colleotext the & green using the S6
for horizontal positions and each point was levelsing a digital level. Twenty
three points in all were collected independenttbeo data collection and imported
into the & green file where the points were used to intetpoka height at each
position onto each of the three surfaces. Thelteesfi the height differences are

shown in Chapter 4.

3.3 Data Processing

3.3.1 Data Reduction for Differential GPS

Differential GPS or mapping grade GPS was usedllyitto obtain an out line of

each green and any hazards in the immediate dreis. data was downloaded into
Trimble Geomatics Office (TGO) where the point dates checked to ensure it was
on the correct coordinate system and datum. Tdtis @was then exported for use in

AutoCAD for the use in the final plan.
3.3.2 Data Reduction for Fast Static Survey

The data collected was imported into the softwarekpge, TGO to reduce the data
and provide the coordinates for the base statioceGhe data was in TGO the
redundant base lines were disabled before runningr@ constrained adjustment to
ensure no gross errors. On the completion of #re zonstrained adjustment, the
two known points, Ananga and PSM 40382 were fix@edheir known coordinates

and a constrained adjustment performed to achie®98%a pass with a Chi squares
test. After reducing the data from the fast staticvey the base coordinates were

established allowing all other RTK GPS work to benpleted.
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3.3.3 Data Reduction for Scanner

On collecting the scan data each of the scans egstered using the coordinates of
the scanner setup position and orientated usingdbelinates of the targets. Targets
were located using the option “locate reflectothis tool finds the most reflective

surfaces in a scan and selects them allowing &r tises in the registration process.
This placed the scans on to the MGA coordinateegysthe point data was cropped
to eliminate unnecessary points from the file. dh& files for each green were too
large to be transferred to Terramodel as the progras not able to cope with the
large volume of data, with some scans having owernaillion points collected. To

alleviate this problem, the data was filtered teasaety of distances from 0.1 m to

0.5 m between points. This dramatically reducedrtbmber of points and enabled
the files to be transferred into Terramodel whére ¢ontouring process could be

completed.

3.3.4 Data Reduction for RTK GPS

As Real Time Kinematic surveying was used, theemtions are completed at the
time of measurement. With the base station trattisigpi via a radio link, the base
observations, a solution is resolved at time of sueament. This minimises the
processing required and enables the GPS files toimgmorted directly into

Terramodel and have points automatically draftedi r@ady for contouring and plan

creation.

3.3.5 Data Reduction for Robotic Total Station

The data collected with the robotic total statioaswcoded at time of collection
minimising the reduction of the data to a few imeotly coded points. After point

codes were changed to the correct code the filee weported into Terramodel,

where the Auto Draft facility was used creating liasic plan for each green.
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3.3.6 Contour Creation

The contours from each method were created usmgdme program, Terramodel,
so the same contouring method and algorithms wsed tor each surface. A DTM

layer containing all points to be contoured fromsweaeated for each surface and
these surfaces were contoured using the Generat®@s function. Contours were
limited to the boundary string created by the fermf each green. A contour interval
was set at 0.05 metres as this was determinedotadgr the best representation of
the surface. The contours were also smoothed ubed Spline option in the

contour creation settings. Figure 3.3 shows aescoapture of the contour settings

used.
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Figure 3.3 Screen capture of contour settings

3.4 Creation of Plans

To meet the aim of this project a number of plaresraquired to be produced. The first,

the green plan is the update of an original plavigding an outline of each green and
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hazards and the second is individual contour ptéesch green. The methods involved

for creating and producing each will now be disedss

3.4.1 Green Plan

The green plan prepared for display at the Pro shap display the daily hole
placement. This plan is updated by the green keegiter the hole locations are

changed.

The main body of the plan was created by D Bak@®32 and this project was aimed
at updating the plan to show the new greens andfivattbns made to existing
greens. A digital copy of the plan was obtained #re modifications were made to

the original plan.

The original plan provided an area for distancdsetshown, as shown in Figure 3.4.
This information was not used by the Club, therefaas removed to increase the
scale of each green diagram and allow space tordmed for the addition of a

temporary green that is used during maintenancéosures of holes.
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| | Distance From LHS | Distance From Front | | Distance From LHS
| | Distance From RHS | Distance From Back | | Distance From RHS

00000

) HOLE 10
‘ Distance From LHS Distance From Front Distance From LHS
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v Y
¥ ¢ ) PN
Figure 3.4 Insert from original plan
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This plan was modified using AutoCAD as the origiplan was in an AutoCAD

format and the ease of use and manipulation featoiréhe program. As with the
original plan each of the greens was rotated taliteetion of plan up the page (refer
Figure 3.5). The reasoning for this was to maleplan easy for all golfers to read
and orientate, minimising confusion about whickediion the player is approaching

the green from.

@

®

@
@

®

)LE 4 @ HOLE

Figure 3.5 Insert from updated plan

The data for this plan was captured using the Tienyro XR, the mapping grade

GPS receiver.

3.4.2 Contour Plans

After processing data was completed and contowated the data was exported
from Terramodel into AutoCAD where the contour gldor each of the greens were
created. AutoCAD was chosen for ease of use asw @bvides a suitable format

that can be accessed by TCGC staff.
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The design of plans was influenced by the typenfafrmation provided by other golf
courses, refer figures 2.8 and 2 9. In additioprtaviding the contours, arrows were
also placed on each green on the plan to showageclandication of the direction of
fall.

Each of the plans has been created using the Teir86l data for a consistent
approach and outcome and once again each plandeas drientated towards the
direction of play up the page. A one metre grid haen placed around each green
and a two meter dotted grid through the middleawhegreen as a background to the
plan to assist is determining distances from argjtiom to the hole. The dotted grid
was used so as not to clutter the plan. Direatianrows were used in addition to
the contours to clearly indicate the directiontw# fall and allow those players, who

may not be able to read contours, a clearer pictitiee slopes and direction of fall.

Additional information, such as the area in metggsared and perimeter of each
green, was provided along with a directional armeghicating the direction of play to

assist with approach shots.

3.5 Conclusion

This chapter covered the methods this project uadkrto create contour plans for each
of the greens at the TCGC. In order to create twour plans required, information
needs to be obtained accurately to provide theibfsmation possible to the Golf Club

and all the golfers who wish to take advantagdefadditional information.
In the collection process, what points are to Heected need to be considered in order

to provide the best network of points for the camitog algorithm to output accurate

contours.
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CHAPTER 4

RESULTS AND DISCUSSIONS

4.1 Introduction

In the methodology of this project, Chapter 3, ttimvee methods of data acquisition,
a terrestrial laser scan survey, a RTK GPS surmdyaaraditional survey, were

discussed as to their role in creating contourgfanthe greens at TCGC.

This chapter’s purpose is to provide an accurasgssnent of the contours
produced from the three different methods of datpussition and provide a contour
plan of each of the greens in a usable formatlfgodfers. Also a discussion as to
the advantages and disadvantage of each methavalyshas been conducted to
provide assistance in determining the best metbogrbducing accurate contour

plans of golf greens.

4.2 Accuracy Assessment

4.2.1 Base Station Creation

To establish the base station for use during tlgept, a fast static survey was
conducted using Ananga, the USQ base station aikehawn coordinates, along with

a permanent survey mark located on Stenner SB&at, 40382.

The data was processed in TGO using a Network Adgist on the three points.
With the two known marks constrained, the adjustedrdinates of the base were
determined. These coordinates are listed in Tdhle As part of the network

adjustment, a Chi Square Test is completed ancethéts are required to pass with a

Chapter 4 — Results and Discussion 30



Mapping Greens at City Golf Course

95% confidence interval. The results for golf bagsssed this test. Appendix C

shows the full breakdown of the network adjustnrepbrt.

Table 4.1 Adjusted coordinated for the Golf Bas&iSh

Point Name Easting Northing Reduced Level
Golf Base 01| 395501.39Y 6948785.123 645.318

4.2.2 Check Observations Results

As discussed in Chapter 3, a series of check oasens were collected on thd'8
green to use as control points to analyse the wtevdifferences between surfaces.
The check observations, as outlined in Chapter & wellected with the Trimble S6
and levelled with a digital level. Each point wiaerpolated onto each of the
surfaces to provide a height difference. Figurk ghows the height differences

obtained from each point.

Check Observations Variations
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Point Number

-0.01

Figure 4.1 Height Variations on Check Observations

The graph clearly shows the GPS height to be instarg with an average height
difference of 0.03 m above the check observatioitis @ne spike reaching 0.045 m

above point 15. The range in height differencesasueed is calculated to be
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0.033 m. These indicate the unreliability of theights gained through the GPS
measurements for the contouring of a surface ssdok greens where contours are

to be created at small intervals.

Figure 4.1 also shows that both the scanner an&&hmeasurements came in under
0.01 m and both methods recorded an average hdiggtence of 0.003 m. This
difference could be accounted for in the lengththef grass as measurements were
taken with a month break between scanner and Sénaions and a further month
to the recordings of the check observations. Aeofpwossible reason for a difference

is, the night the scanning was conducted, a heagyhdd settled on the green.

The check observations determined that 95% wel@wit 1 of a contour interval for
the S6, with one observation 0.002 m outside thecifpd range. The scanner
returned with 86.5% of check observations withih 6f a contour interval, having
three observations fall 0.001 m outside the spatifange. This is shown in Table
4.2. The Table lists the elevation differencesvieen the check observations and the
surface created by the S6 observations at eadmeqgbdints. The final column lists
whether the observation is within 0.1 of the 0.0&tn@ contour interval. Table 4.3
compares the check observation with the scannéacgur The three observations
that fail to be within 0.1 of the set contour imarare all 0.001 outside the tolerance

level set.
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Table 4.2 Check Observations Compared to S6 Saurfac

Paint Pass/
Number Easting Northing RL S6 RL  Difference Fail
1 395978.337 | 6948869.895 | 618.163 | 618.164 -0.001 pass
2 395977.781 | 6948865.781 | 618.153 | 618.152 0.001 pass
3 395971.893 | 6948865.121 | 617.774 | 617.777 -0.003 pass
4 395963.959 | 6948867.275 | 617.458 | 617.459 -0.001 pass
5 395965.663 | 6948873.272 | 617.507 | 617.505 0.002 pass
6 395969.112 | 6948874.947 | 617.619 | 617.626 -0.007 0.007
7 395975.505 | 6948874.902 | 618.056 | 618.056 0.000 pass
8 395976.285 | 6948877.939 | 618.059 | 618.058 0.001 pass
9 395973.343 | 6948878.908 | 617.981 | 617.976 0.005 pass
10 395969.806 | 6948878.697 | 617.787 | 617.789 -0.002 pass
11 395965.673 | 6948878.772 | 617.513 | 617.516 -0.003 pass
12 395966.084 | 6948882.580 | 617.674 | 617.671 0.003 pass
13 395970.674 | 6948883.993 | 617.854 | 617.850 0.004 pass
14 395974.488 | 6948882.656 | 617.978 | 617.980 -0.002 pass
15 395976.056 | 6948885.458 | 617.990 | 617.988 0.002 pass
16 395975.261 | 6948888.628 | 617.931 | 617.932 -0.001 pass
17 395974.176 | 6948892.146 | 617.877 | 617.872 0.005 pass
18 395970.748 | 6948891.156 | 617.771 | 617.769 0.002 pass
19 395967.491 | 6948889.379 | 617.695 | 617.691 0.004 pass
20 395967.875 | 6948884.994 | 617.745 | 617.743 0.002 pass
21 395969.940 | 6948874.001 | 617.663 | 617.668 -0.005 pass
22 395961.490 | 6948865.026 | 617.369 | 617.373 -0.004 pass
23 395963.587 | 6948876.245 | 617.431 | 617.435 -0.004 pass
Average Absolute Difference = 0.003 metres
95% of Total Observations = 22 points
Tolerance 0.10f 0.05 Contour Interval = 0.005 metres
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Table 4.3 Check Observations Compared to Scanméce

Point Number | Easting Northing RL GPS RL Diff Pass/ Fail
1 395978.337|6948869.895| 618.163 | 618.160 0.003 pass
2 395977.781|6948865.781| 618.153 | 618.148 0.005 pass
3 395971.893|6948865.121| 617.774 | 617.771 0.003 pass
4 395963.959(6948867.275| 617.458 | 617.452 0.006 0.006
5 395965.663|6948873.272| 617.507 | 617.502 0.005 pass
6 395969.112|6948874.947| 617.619 | 617.613 0.006 0.006
7 395975.505(6948874.902| 618.056 | 618.052 0.004 pass
8 395976.285(6948877.939| 618.059 | 618.055 0.004 pass
9 395973.343|6948878.908| 617.981 | 617.978 0.003 pass
10 395969.806(6948878.697| 617.787 | 617.786 0.001 pass
11 395965.673|6948878.772| 617.513 | 617.508 0.005 pass
12 395966.084|6948882.580| 617.674 | 617.670 0.004 pass
13 395970.674|6948883.993| 617.854 | 617.854 0.000 pass
14 395974.488|6948882.656| 617.978 | 617.980 -0.002 pass
15 395976.056(6948885.458| 617.990 | 617.993 -0.003 pass
16 395975.261|6948888.628| 617.931 | 617.937 -0.006 0.006
17 395974.176|6948892.146| 617.877 | 617.880 -0.003 pass
18 395970.748|6948891.156| 617.771 | 617.776 -0.005 pass
19 395967.491|6948889.379| 617.695 | 617.698 -0.003 pass
20 395967.875|6948884.994| 617.745 | 617.744 0.001 pass
21 395969.940(6948874.001| 617.663 | 617.658 0.005 pass
22 395961.490(6948865.026| 617.369 | 617.365 0.004 pass
23 395963.587(6948876.245| 617.431 | 617.429 0.002 pass

Average Absolute Difference = 0.004  metres
86% of Total Observations = 20 points
Tolerance 0.1of 0.05 Contour Interval=  0.005 metres

The scanner and the S6 methods were deemed totimeeatcuracy levels required
for providing contour plans of golf greens. TheS>ébservations all fell outside the

tolerance levels set.

4.2.3 Relative Comparison of Contours

A relative comparison of the contours created thhorerramodel provided very
similar results. Looking at the $yreen, Figure 4.2 and comparing the contours of
the S6 and the scanner, it can be seen that alhiinegcontours themselves do not
align together, they do still show the correct.fallThe contour lines have been
generated at different elevations. The three sasgfavere sitting one above the other

allowing all three sets of contours to provide slaene relative contour information.

Chapter 4 — Results and Discussion 34



Mapping Greens at City Golf Course

When contours are created at a specific base aay#te contours fall within 0.1 m

of each respective line.

Figure 4.2 18 Green, 3 Methods Compared

The contours indicated in yellow represent the Gfase, red represents the GPS
surface and the scanner is shown in cyan. Theseirsofepresent the same surfaces
in both Figures 4.2 and 4.3.

On a number of greens, the GPS contours becaméexra did not match that of

the other two methods. This can be seen on thgrédn where the GPS contours
are compared with those of the S6. In parts, tmaurs are uniform in their shape,
in other areas of the green, the contour of eachadecrosses over showing different

falls between the two methods.
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Figure 4.3 8 Green, 2 Methods Compared

4.2.4 Direct Comparison

As the S6 and GPS data was collected simultaneotisky outlined in Chapter 3,
showing a direct comparison between the locatidresaoh of the point’s positions.
Using the & green again, the differences in easting, northang, reduced level were

calculated. Figure 4.4 shows the differences tatled.
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Direct Comparison of Points
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Figure 4.4 Direct Comparison of Points

From the three hundred points collected from tiréase of the 8 green, on average
there was a difference of 0.041 m using horizoatal vertical information. Using
only the horizontal components the difference espidd 0.027 m. As demonstrated
previously the GPS heights were on average 0.0&3baowe the control marks, this
accounts for the difference between the two figurélse reason for the difference in
the horizontal readings could be explained by abemof factors. Firstly, human
error, through poor levelling of pole as readingsravtaken, inaccurate setup over
marks at either the GPS base or the S6 over ak$gmrimead and inaccurate
measurement of instrument height. Secondly, insént error as outlined in Chapter

2 regarding possible sources of error in GPS measemt.

4.2.5 Area and Perimeter

The area and perimeter for each of the greens wafasilated from the boundary
strings around each of the greens. The boundangstwere based on the fringe line
at time of survey. The S6 and GPS files were caatpand the full results table can

be seen in Appendix D. The differences are lisigdw in table 4.4
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Table 4.4 Differences between S6 and GPS areaenidgier measurements.

Surveyed Difference
Perimeter
Green S6 GPS Area m2 m
5 * * 0.46 -0.034
6 * * -0.46 -0.05
7 * * 0.79 0.079
8 * * 0.14 0.016
10 * * -0.01 -0.007
11 * * 0.06 0.037
12 * * -0.76 -0.057
13 * * -0.04 -0.016
14 * * -0.53 -0.066

As the figures have been rounded to whole numbeeset differences became

insignificant and did not affect the end figure.

4.3 Comparison of Survey Methods

4.3.1 Methods Compared

The GPS proved to be the most unreliable of theetimnethods used due mainly to
the problems maintaining a fixed solution to thaikable satellites. This was caused
in the most part by the number, location and sfzeees located around many of the
greens. Other structures that could have affatiedignal at several greens were the

powerlines and metal fencing.

A stronger radio signal or a second base statibms®n the other side of the golf

course could also have helped with the GPS meagsmtsm

GPS may perform more efficiently in open areas whtrere is minimal tree

coverage and where the area is free of other fesithat affect the GPS signal.
The S6 proved to be the easiest to operate andnitb& reliable during data

collection. The instrument was able to continupushintain a lock on the prism

allowing for efficient data collection at all timeddaving the RTK control set up at

Chapter 4 — Results and Discussion 38



Mapping Greens at City Golf Course

each of the greens enabled for quick and easyférahstween greens as a traverse

was not required.

The Scanner was very efficient in collecting a éavgplume of data however proved
very time-consuming for processing. This will bisadissed in further detail in
Section 4.3.2 Time Comparison.

4.3.2 Time Comparison

Table 4.5 below shows a break down of the avenagesttaken to perform each of

the tasks.

Table 4.5 Time comparison

Task Scanner Robotic GPS
Set up 15 min each green| 10 min each green 15 min initéede
setup
Collection of data | 5 min per scan 40 min dependadt0 min dependant

on number of on number  of

points points
Pack up 10 min each green| 5 min each green 10 min base |pack
up
Processing results | 5 hours plus perl hour per green 1 hour per green

green

Of the three methods used the scanner provideduiokest form of data collection.
Operating the scanner on a fine scan mode andrignihe field of view of the scan
to the green area, required approximately five m@suo complete each scan. This
varied slightly with the size of the greens and niuenber of points data collected.
Comparing this to the other two methods where vanage, 40 minutes was required
in order to collect sufficient points to map a gred~or each of the greens between
two hundred and four hundred points were collecidwse times do not allow for
interruptions to data collection like golfers plagionto a green being surveyed, loss
of lock to satellites, waiting for GPS to initiadissprinklers on automatic timers and

any other possible interruption to the data caldecprocess.
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The setup and pack up of the instruments was verias between methods. The
exception was for the GPS that only required the setup for the whole course

rather than setting up at each green with the athe@methods.

When it came to the processing of the data for ei¢the methods, the robotic total
station and GPS provided the same information daddrmats that the processing

times were comparable.

The scanner required a lot more processing thaottier methods. This is due to a
number of reasons. Firstly, a lack of knowledgéhefprocessing software, I-Site and
many hours trial and error in order to achievedesired results. Having to learn the
program while processing data, is not an ideabsitn. The processing power and
the storage capacities of the computer used tothmenl-Site software was not
powerful enough to run and operate the prograncefgy. A lot of time was spent

waiting for the program to execute a command.

4.3.3 Costs Comparison

For the cost comparison hourly rates and timesppeoximate and do vary between
firms. The hourly rate for the scanner is basedhenTrimble GX Series for which
the daily hire rate as at October 2006 is $2608.@5T. This rate includes;

* Trimble GX Scanner

» Trimble GX Scanner accessories — batteries, trip@aggets etc.

* Trimble 3Dipsos and RealWorks software licenses

e Trimble GX Scanning specialist
As an experienced person is available for the ¢jperaf the scanner and processing
software, the processing time for the scanner le&s beduced to be equivalent to
that of the other two methods. With a daily hieger the processing is therefore

charged at the same hourly rate as the collecficiata.

Table 4.6 shows a simple break down of the costdoducting this type of survey.
Additional costs such as travel, accommodatiorrgguired) and freight have not

been included into the costs. The time requiredtHe scanner was assumed to be
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for one scan per green, this may not be possibéetdiuhe level of undulations in
which case multiple scans may be required to aegaicomplete coverage of the
green. Control for the site was considered tohgesame cost for each method and

therefore not included in the breakdown.

Table 4.6 Approximate costs for conducting survey

Time Hourly
Method Task hours Rate Quantity Cost
S6 Collection 1 $150.00 19 $2,850.00
Processing 1 $100.00 19 $1,900.00
Total
Cost $4,750.00
Time Hourly
Method Task hours Rate Quantity Cost
GPS Collection 0.7 $200.00 19 $2,660.00
Processing 1 $100.00 19 $1,900.00
Total
Cost $4,560.00
Time Hourly
Method Task hours Rate Quantity Cost
Scanner | Collection 0.5 $325.00 19 $3,087.50
Processing 1 $325.00 19 $6,175.00
Total
Cost $9,262.50

It can be seen from the costing used that the GlSS& methods are comparable in
price. The cost of using a scanner is signifigahigjher than the other two methods.
The significant difference is due to the hourlyerptocessing of data being the same
as the rate for collection of data. This couldskgmificantly reduced if the firm had
the facilities to be able to process the data imskorather than relying on the

scanning specialist.

4.3.4 Advantages and Disadvantages

Each method of data capture has its advantagedisadvantages and these need to

be considered when determining the best methodats# dapture for the specific
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project. The advantages and disadvantages of assganner for the collection of

golf green surfaces include:

Advantages

Large point cloud
Quick acquisition time — Reduced field time.

Minimum hazards to workers as data can be collessutely as no prisms

are required
Can operate under all lighting conditions (24 hauday)

Map obscured areas (tree canopy, under bridgegertsi| tunnels, shadows)

Disadvantages

Can give a lot more data than required
Longer processing times
Can be more expensive

Second method still required to coordinate scams arwoordinate system.

The advantages and disadvantages of using a Ralmtt Station system include:

Advantages

One person operation — The S6 provides for easyatipe for a single
person when collecting point data. The instrunpeavides a smooth
tracking operation and the target can be easigtéatthrough a touch screen
joystick control.

Accurate coding of points is achievable as theegowis at the location of
the point being captured not at the instrument sdistance away. Not so
much an issue on small featureless areas sucHfagegns.

Error minimisation — no communication errors betwéeld party members
as only the surveyor is required.

High levels of accuracy obtainable — eliminates aarsighting errors

Disadvantages

multiple setups required

line of sight required

The advantages and disadvantages of using a GR@8enc

Advantages
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* Only one setup required — the base station whetgRTK surveying

* Quick collection time — when the signal is fixed

* No line of sight required

Disadvantages

* Many obstructions to signal on established golfrses — Trees, power lines,
fences.

* Vertical heights are not as accurate as other rdstho

4.4 Plans Created

A number of plans have been created throughoutpgtogect. Firstly a ‘map of
greens’ was created and secondly individual confdans were created for each

green. The created plans will now be discussedshadn.

4.4.1 Green Plan

The map of greens is a plan showing the shapeabf g@een and the location of any
hazards in the immediate area. Hazards identdiexl trees, bunkers and water
hazards. The plan created is an update on a piated by Daniel Baker, 2003. A
copy of the original file was obtained and modifidremove unused information
and provide the new updated plan including the tamdiof a 19" green used as a
spare during hole closures and maintenance. Thgope of this plan is to show
players the daily hole placements. To achievettigsplan is printed at an Al size
and been laminated before being framed behind at IffePerspex to allow hole

locations to be easily changed.

Figure 4.5 shows a diagram of the new plan on aysplutside the Pro Shop at
TCGC.

This plan is accurate as at time of display on 3ffleof August 2006. Course

modifications after this date are not shown as @kittis project.
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Figure 4.5 New plan on display at Toowoomba Cityf@ourse
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4.4.2 Contour Plans

These plans have been designed by merging the mfeascontour plan, while
utilising the ideas of existing green plans prodidy other golf courses, as outlined
in Chapter 2. As shown in Figure 4.6 arrows haeenbadded to the 0.05 mm

contours to indicate the direction of fall acroastegreen.
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Toowoomba City

AREA = 425 sg m
PERIM = 81 m

Direction of play

O

1 G 1 2 3 4 5 meters

NOTES:

Contour Intervgl = D05 meters

Araag ond perimeters are bosed on field obeervationa
around fringe line

Arrows show direction of fall

1 metre grid

Golf Course 2nd Green

usQo

o
AUSTRALIA

Student project prepared In conjunction
with Toownomba Clty Golf Club ame
Unlversity of Seuthern Queemslamed
Faculty of m_._m_.._mml_._m 3 w_.__,,%w_.._m
w..:.cm<_.%a:._?_,_._iuzu_mn_n_:u

DRAWN BY: WSR _nImn_AmU BY: WSR

Univareity of Southem Queanslond

DATE: 20 September 2006

JGB NUNBER SHEET

CGC Greens ZD06 2nd Grean i

Final Plan for"2Green.

Figure 4.6
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4.5 Conclusion

The aim of the project is to map the shape andestdghe greens at Toowoomba City
Golf Course (TCGC) and provide a contour plan afhegreen. Each of the greens has
had a contour plan produced using conventual surgagchniques to capture the data.
The reasoning behind the use of the S6 data toigedhe contour plans is due to it

proving to be the most efficient and easy to usthateof the three used.

RTK GPS was the easiest of the three methods tar @pture. With little in the way
of setup required, GPS provided for easy transééwéen green as a line of sight was
not required. Although easy to operate and coltlta, there were many problems
maintaining a fixed solution due mainly to the nenbnd size of trees located around
the greens. Due to this and the unreliable hemggdsurements GPS was determined to

be not accurate enough for the purpose of mapmtigyeens.

The scanner while the most efficient at collectifaga the processing of the results was
very time consuming. Scanning was also determiodxk the most expensive and there

was no gain in the level of accuracy obtained d¢werrobotic total station.

While the most time consuming process was detewhtimde the most efficient method
the capture data. The S6 is an easy to use instriuthat provided the highest level of
accuracy with 95% of check observations within &.& contour interval. This method
was chosen to produce the plans required as iiged\the most accurate output as well

as user friendly operation of the instrument.
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CHAPTER 5

CONCLUSION AND RECOMMENDATIONS

51 Introduction

There are a number of different methods and tedesigised in the surveying industry
today that can be adapted to perform most survggiog In this project three different

types of data collection were used to provide aaarplan of the greens at TCGC.

As stated throughout this project, the three methaad are GPS, robotic total station
and digital scanner. Each of these methods hasava advantages and disadvantages

that are used to determine the best instrumergduircular project.

This chapter will discuss the outcomes and conahssfrom this project and put

forward further recommendations to expand on thagegt.

52 Discussion

The aim of the project, as stated in Chaptetislté map the shape and slope of the
greens at Toowoomba City Golf Course and providsomatour plan of each greén
Contour plans for the 19 greens in play at TCGCehbgen created and appear in
Appendix E 1 to 19.

For the purpose of this project RTK GPS was deteeohito be the easiest of the three
methods for data capture providing a initialisatcmuld be maintained. This proved to
be a problem with the location of many of the geeanound large trees or in close
proximity to one of the two power lines runningdbgh the course. With only the base
setup required, GPS allowed for easy transfer betvwggeen as a line of sight was not

required. The heights obtained through GPS waraddo be on average 0.03 m above
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the control points collected with a range of 0.033 The height measurements were not
as consistent as the other two methods and thisedaior some of the contours created
to cross a number of contour lines formed by tHeeloimethods. This returned an

incorrect representation of the greens surface.

Scanning was the most efficient method at collgctiata, providing large quantities of
information for processing. This required a prograpecifically designed to handle
these large volumes of data. The processing dtetirig of the information was

performed in I-Site Studio. Processing was vemyeticonsuming due to a lack of
knowledge of the program. The time taken to predhe files would only be reduced
with some training and frequent use. Scanning alas determined to be the most
expensive and there was no gain in the level afiracy obtained compared the robotic

total station.

While the most time consuming process was detewtimde the most efficient method
the capture data. The S6 is an easy to use instriuthat provided the highest level of
accuracy with 95% of check observations within @& contour interval. This method
was used to produce the contour plans as it prdwvige most accurate output, as well as

user friendly operation of the instrument.

5.3 Implications

The implications of this project will be to asgigtifers in planning approach shots and
reading the roll of a ball over a green during b&hial and competitive play. The
information has been provided to the Toowoomba Giyf Club, in a digital form
allowing the information to be linked through tauB$ internet site. This opens the

information up to players of all levels wishingglay the course.

The plans also allow the club to use the informrmatie a marketing tool, to assist in

attracting a higher level of competition such atesand national titles.
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5.4 Further research and recommendations

Further research can be carried out in the aresstpe analysis of each of the greens to
provide details as to the gradients and furthgresioformation. 3 dimensional

modelling of the course would also be possibleygybgether the green details of this
project and previously gathered course informatiloncreating this it would open up

the possibility of creating a ‘fly through’ along@h hole or even just over the green to

provide a clearer picture of which direction thdl ball roll.

The golf course may be able to provide digital infation to players for his/her GPS
mapping devices to accurately obtain a distantkda@entre of a green from any

location on the course.

5.5 Conclusion

This research has resulted in the conclusion Heatrtost efficient and accurate method
of collecting data for the purpose of producingtoon plans of golf greens is through
the use of a robotic total station. As statedttita@ station used for this project was the
Trimble S6.

In conclusion, the requirements and aim of thiseligtion as stated in Chapter 1 have
been successfully completed. This is evident withproduction of contour plans for
the greens at TCGC. These plans are followingppehdix E. and the main plan is

shown in Figure 4.5.
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FOR: WADE REYNOLDS
TOPIC: MAPPING GREENS AT CITY GOLF CLUB
SUPERVISORS: Peter Gibbings

Frank Young

PROJECT AIM: The aim of the project is to map theems at Toowoomba City
Golf Course and provide a contour plan of eachrgree

PROGRAMME: Issue A, 4March 2006
1. Undertake a review of literature on mapping wité #arious methods.
2. Establish and verify control points to use during mapping process.
3. Map areas using a combination of method, (GPS tiobaial stations and
digital scanner) and create a hard copy map ohgraad adjacent features and a

digital contour plan of the greens at Toowoombg Givlf Course.

4. Analyse the accuracies achieved in the mappingcantburing using the
different methods.

5. Report and document results

AGREED:

Student: Wade Reynolds Supervisor: Peter Gibbinggpe&isor: Frank Young
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Technical Data 3D Scanner Hardware RIEGL

LMS-Z2210

Rangefinder Performance:

Eye safety class

according to IEC60825-1:1993+A1:1997+A2:2001

Measurement range 2
for natural targets, p= 80%
for natural targets, p= 10%

Minimum range
Measurement accuracy 3

Measurement resolution
Measurement rate

Laser wavelength

)

CLASS 1
LASER PRODUCT

up to 400 m
upto 120 m

4m

typ. £ 15 mm (averaged)
typ. £ 25 mm (single shot)

5mm

up to 12 000 pts/sec @ low

scanning rate (oscillating mirror) Y

up to 8 000 pts/sec @ high
scanning rates (rotating mirror)

near infrared

Beam divergence > 3 mrad
Scanner Performance:

Vertical (line) scan

Scanning range 0°to 80°

Scanning mechanism
. 6)
Scanning rate

Minimum angle stepwidth
Angular resolution

Horizontal (frame) scan
Scanning range
Scanning mechanism
Scanning rate ® *

Minimum angle stepwidth

rotating / oscillating mirror

1 scan/sec to 20 scans/sec @
80°scanning range

0.01°
0.005°

0°to 360°

rotating optical head
0.01 Ysec to 15 7sec
0.01°
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Angular resolution

Inclination Sensors

Internal Sync Timer

for external GPS/INS synchronization

0.005°

optional (specification to be
found in seperate datasheet)

optional (specification to be
found in seperate datasheet)

True Color Channel

The optional True Color Channel, integrated in the LMS-Z210i, provides the
color of the target's surface as an additional information to each laser
measurement. Color data are included in the binary data stream of the
LMS-Z210i. The color channel allows straightforward texturing of 3D
models by unequivocal correspondence of color pixels and range

measurement.

General Technical Data

Main dimensions
Weight
Interface:

for configuration & data output
for configuration
for data output

Power supply input voltage

Power consumption

Current consumption
@ 12V DC
@ 24V DC

Temperature range

Protection class

437 mm x 210 mm (Length x
Diameter)

approx. 13 kg

Ethernet TCP/IP, 10/100
MBit/sec

RS232, 19.2 kBd

parallel, ECP standard
(enhanced capability port)

12-28V DC
typ. 78 W max. 96 W

typ. 6.5A max8 A

typ. 3.25 A max4 A

-10C to +50CT (operation), -20C
to +60CT (storage)

IP64, dust and splash-water
proof

1) First, last, or alternating target mode selectable from scan line to scan line.
2) Typical values for average conditions. Maximum range is specified for flat targets with size in excess of the laser
beam diameter and near to normal incidence of the laser beam. In bright sunlight, the operational range is considerably

shorter than under an overcast sky.

3) Standard deviation, plus distance depending error <+20ppm.

4) Without true color channel.

5) 3mrad correspond to 30 cm beamwidth per 100 m of range.

6) Scanning rates selectable via RS232.

7) Horizontal scan can be disabled, providing 2D-scanner operation.

Data sheet, LMS-Z210, 27/09/05
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Network Adjustment Report

Project : Golf Course Base Setup

. 4:27:08 PM
User name WO0008843 Date & Time 16/05/2006
. Map Grid of
Coordinate System Australia (GDA) Zone Zone 56
Project Datum ITRF
Vertical Datum Geoid Model AUSGE_OIDQS
(Australia)
Coordinate Units  Meters
Distance Units Meters
Height Units Meters

Adjustment Style Settings - 95% Confidence
Limits
Residual Tolerances

To End Iterations :0.000010m
Final Convergence Cutoff: 0.005000m

Covariance Display

Horizontal
Propagated Linear Error [E] : U.S.
Constant Term [C] : 0.00000000m

Scale on Linear Error [S]  :1.96

Three-Dimensional

Propagated Linear Error [E] : U.S.
Constant Term [C] : 0.00000000m
Scale on Linear Error [S]  :1.96

Elevation Errors were used in the calculations.

Adjustment Controls

Compute Correlations for Geoid: False

Horizontal and Vertical adjustment performed

Set-up Errors

GPS
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Error in Height of Antenna : 0.002m
:0.002m

Centering Error

Back to top

Statistical Summary

Successful Adjustment in 2 iteration(s)

Network Reference Factor: 0.93
Chi Square Test 1I=95%) : PASS

Degrees of Freedom

:3.00

GPS Observation Statistics

Reference Factor

:0.93

Redundancy Number (r): 3.00
Individual GPS Observation Statistics

Observation ID||Reference FactolflRedundancy Number
B4 0.91 0.95
B5 0.95 1.03
B7 0.93 1.02

Weighting Strategies

GPS Observations
Default Scalar Applied to All Observations

Scalar: 1.00
Back to top

Adjustment performed in

Number of Points

Adjusted Coordinates

03

Number of Constrained Points: O

Adjusted Grid Coordinates

Errors are reported using 1.96 o.

WGS-84

Point Name| Easting |[E error|| Northing ||N error |Elevation|le error | Fix
psm40382 | 396349.033n0.003m|6947411.372m0.003m1 N/A||  N/A
golf base 01,395501.379m0.003m|6948785.050mM 0.003m N/A N/A
ANANGA ([394586.997n 0.003m|6946490.530m0.003m N/A|  N/A

Adjusted Geodetic Coordinates

Errors are reported using 1.96 a.
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Point Latitude E Longitude N Height n Fix
Name error error error
psm4038227°35'35.78640"$).003m|151°56'59.12635").003m|698.046n10.004mm
g‘i)'f base | ,7034'50.91439"80.003m| 151°56'28.63955"ED.0031] 686.396M0.004m
ANANGA ||27°36'05.21839"80.003)|151°55'54.57152"#0.003m)| 761.769mM 0.004m
Coordinate Deltas
Point Name AEzstln ANo;thln AEIer:/atlo AH(telgh AGeoid Separatior
psm40382 0.013m -0.071m N/A|-1.011m N/A
golf base 01 -0.024m 0.180m N/A|-0.129m N/A
ANANGA 0.012m| -0.109m N/A| 1.140m N/A
Control Coordinate Comparisons
Values shown are control coord minus adjusted coord
Point Name AEastin | ANorthin || AElevatio | AHeigh
g g n t
psm40382 -0.013m 0.071m N/A| 1.011m
ANANGA -0.012m 0.109m N/A|| 0.938m
Back to top
Adjusted Observations
Adjustment performed in  WGS-84
GPS Observations
Number of Observations: 3
Number of Outliers :0
Observation Adjustment (Critical Tau = 1.72). Any  outliers are in red.
A-posteriori
O”t:))s. From Pt. | To Pt. Observation Error Residual R?e?igﬂél
(1.960)
B7 ||[ANANGA |[psm40382 Az.| 62°54'11.7007]0°00'00.4694 0°00'00.0394 -0.23
AHt, -63.724m 0.007m 0.004m 1.58
Dist. 1988.672n] 0.004m -0.001m -0.65
B5 ||ANANGA g‘i)'f base | A, | 22°13720.65910°00'00.377010°00'00.0795]  0.58
AHt, -75.373m 0.007m -0.004m -1.57
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Dist. 2470.656n 0.004m 0.001m 0.34
4lgolf base onq °n0 - -
B4 |[psm40382 01 Az.||328°48'32.2891/0°00'00.5689 0°00'00.1217 0.60
AHLt. -11.650m 0.006m 0.003m 1.57
Dist. 1614.588n] 0.004m 0.000m 0.32

Back to top

Histograms of Standardized Residuals
Combined ' Critical Tau: @72 :

Harnzontal

Wertical

STANDARDIZED RESIDUAL

Back to top

Point Error Ellipses

psm40382 golf base 01 ANANGA
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-39

h

32

-43°

AN
|

H

A

Tick Size: 0.0010m Horizontal Bivariate Scala®d5oc Vertical Univariate Scalar: 1.66

Back to top

Covariant Terms

Adjustment performed in  WGS-84
From A-posteriori Horiz. 3D
Point To Point Components Error Precision|| Precision
(1.960) (Ratio) || (Ratio)
psm40382!gilf base | 5, |328°48'32.2891] 0°00100.5689" 1:361416 1:36141€
AHLt. -11.650m) 0.006m
AElev - >
Dist. 1614.588m 0.004m
psm40382ANANGA | Az.|[242°53'41.7953['0°00'00.4694] 1:444884 1:444884
AHLt. 63.724m) 0.007m
AElev o o
Dist. 1988.672m 0.004m
gi'f base | \NANGA||  Az.[202°13'04.8802] 0°0000.3769" 1:553264 1:55326
AHLt. 75.373m 0.007m
AElev o o
Dist. 2470.656n 0.004n
Back to top
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APPENDIX D

GREEN AREAS AND PERIMETER
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Surveyed S6 GPS Difference
Area | Perimeter Area | Perimeter Area | Perimeter
Green | S6 GPS Scanner m?2 m m?2 m m?2 m
1 * * 289.28 65.224
2 * * 424.6 80.699
3 * 508.49 85.162
4 * 406.69 77.867
5 * = * 384.44 78.895 | 383.98 78.929 0.46 -0.034
6 * = 431.46 79.912 | 431.92 79.962 -0.46 -0.05
7 * = * 310.43 65.103 | 309.64 65.024 0.79 0.079
8 * = * 624.45 98.359 | 624.31 98.343 0.14 0.016
9 * 446.76 81.244
10 * = * 253.59 57.831 253.6 57.838 -0.01 -0.007
11 * = 368.35 69.031 | 368.29 68.994 0.06 0.037
12 * = 357.3 74.874 | 358.06 74.931 -0.76 -0.057
13 * = 354.08 74517 | 354.12 74.533 -0.04 -0.016
14 * = 375.25 76.507 | 375.78 76.573 -0.53 -0.066
15 * 426.16 78.693
16 * 413.11 81.356
17 * 400.52 80.376
18 * 563.15 94.916
Spare * 337.31 71.687
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APPENDIX E

CONTOUR PLANS
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Appendix E  Contour Green Plans
1. I Green

Toowoomba City Golf Course

AREA = 509 sq m
PERIM = 85 m

Direction of play

1 m#mwnwanﬁa

1st Creen

NOTES:

Contour Interval = 0.05 maters

Arcos ond perimeters ore bosed on field obasrvotions
around frimge line

Arrows show direction of fall

1 retre grid

USQ

AUSTRALIA
Stuskert project prepored b conjunction
wlth Toowgombe Clty Golf Clds and
Unlversty of Southern Queenslond
Fuculty af Englneering & Surveying
Survey Lamd Infermotion Dscipline

DRAWN BY: WSR | CHECKED BY: WSR

University of Southem Cueensland

DATE: 20 September 2008

JOB MUMBER SHEET

TCGC Greens 06 18t Green A
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Appendix E  Contour Green Plans

1. 2nd Green
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3. 3rd Green

Toowoomba City Golf Course Ard Green
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Toowoomba City Golf Course 4th Green
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4. 4th Green
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5. 5th Green

Toowoomba City Golf Course oth Green
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6. 6th Green

Toowoomba City Golf Course oth Green
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7. 7" Green
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8. 8th Green

Toowoomba City Golf Course 8th Green
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Mapping Greens at City Golf Course

9. 9th Green

Toowoomba City Golf Course 9th Green
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10. 10th Green

Toowoomba City Golf Course
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11. 11th Green

Toowoomba City Golf Course 11th Green
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12. 12th Green

Toowoomba City Golf Course 12th Green
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13. 13th Green

Toowoomba City Golf Course
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14. 14th Green
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15. 15th Green

Toowoomba City Golf Course 15th Green
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16. 16th Green
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17. 17th Green

Toowoomba City Golf
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18. 18th Green

Toowocomba City Golf Course 18th GCreen
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19. Temporary Green
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