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ABSTRACT

Several golf greens were mapped using a RTK GR&jI BD-Laser Mirror Scanner and Trimble
S6 Robotic Total Station systems to determine tbhstrappropriate method for this task.

The RTK GPS was the easiest methods for data @ftur was insufficiently accurate for
mapping at a contour interval of 0.05 m or lesdhis situation. The laser scanner level date
accuracy was slightly more accurate than the roliotal station but both produces results tha
were suitable for golf green mapping. However, #dase of use of the robotic total station
determined this as the preferred methodology fdf goeen mapping with a 0.05m contour
interval.

INTRODUCTION

Golfers are always looking for a competitive edg@prove their game, whether from a persona
challenge to reduce their own handicap, to beat piteying partner, or the chance to win prizes in
competitions. Mapping and producing plans of tb# greens can assist all players to improve
their game. Providing these plans on the intecaetalso offer golf clubs a valuable marketing
advantage. Surveyors can provide a golf greengpim@gservice to a suitable standard that will
allow informed decisions by both the Club for plangnthe placement of a green's cup positior
and by playing members to determine the best guttimthe greens.

Various surveying techniques and methods can bd bsé not all of them are suitable for
mapping flat open spaces such golf greens. Thiggraimed to compare only three specific
methods which included digital laser scanning, R3KS and robotic total station. Each technique
was used to map the shape and slope of a seledbemuoh greens at Toowoomba City Golf
Course (TCGC) to provide a contour plan of eache flesults were then analysed and compare
to determine the most effective and efficient syivg method for providing this mapping service.

METHOD
Test Site

The project was conducted at the Toowoomba City Ghlb because of their interest and acces:
support. The six greens selected represented dlael bange of slopes and sizes of the 19 greens
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Equipment

The equipment included:
= A Riegl 3D-Laser Mirror Scanner LMS-22103D
= A Trimble RTK system comprising a 4700 base stasind a 5800 rover
= Trimble S6 is a Robotic Total Station

The 360 degree prism used with the total statios maunted on the rover pole immediately
below the RTK receiver. The levelling bubble la@zhbn top of the prism was removed to allow
the GPS receiver to attach to the same pole fanlsameous use as shown in Figure 1.

The RTK survey was carried out in conjunction vilie S6 total station survey. Both the S6 anc
RTK points were collected at the same point ancetim allow for an effective comparison
between the digital terrain surfaces derived frachedata set. The laser scanner was used at ott
convenient day and night times.

Figure 1. GPS and S6 prism attached to same pole.

A topo plate (refer to figure 2) was manufactured attach to the base of the range pole t
replace the usual spike. The purpose of the plateto prevent damage to the green and allow
the measurement to properly represent the surfateeayreen. The ball joint on the topo plate
allowed the pole to be held vertical regardlesthefslope of the green.
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Figure 2. Topo plate

Establishment of survey control

A site specific stable control mark was placed aondrdinated for use as the RTK GPS base
station. Map Grid Australia 1994 (MGA94) coordiesitwere established on this mark through e
Fast Static GPS network involving two first ordentrol points which were also constrained in
the adjustments with the new base station. Alkliass were less than 2.5km and formed soun
network geometry. This survey was carried outanoadance with Standards and Practice fol
Control Surveys (SP1), version 1.6, 2004 recommigmtia for class C and included redundant
baselines measured in accordance with recommenadegdqures. Processing and adjustment
were carried out in Trimble Geomatics Office wille thetwork observations achieving a 95% Chi
square test result. The precision of the finalisigjd base station coordinates was calculated to |
0.004m in the easting and northing with 0.006mla@vation at the 95% confidence level. Using
the established RTK GPS base station, a furthernaependent PSM’s were measured by RTK
to check on the accuracy of the base station coatel and set up.

RTK was then used to establish intervisible conprmihts near the greens using at least twent
epochs of data before each point was stored. ©h&#al marks were existing sprinkler heads;
hundred metre markers; signs located on the teesycand other unique fixed marks found
around the greens.

RTK and S6 Total Station Data collection

A detail survey with both the RTK and S6 total istatcollected point data around the extremities
of the green, string data at the tops and toespfskopes, and a grid pattern over flat sections t
fill in the remaining area. Points were collectddaaspacing of 0.5m to 2m with this spacing
reduced to 0.2m to 0.3m over the steeper more atidglareas.

The number of observations required for each greered due to the size, shape and level o
undulations over the green. To facilitate accu@satouring, between two hundred and four
hundred points were collected at each of the greBmsugh areas of greater undulations the poin
density was increased to approximately Ot8nmprove the accuracy of the final contours.

The S6 was set up at each green in tracking motte avB60° prism using sprinkler heads as
station marks and the one hundred metre markdraasights As the S6 total station was used i
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association with the RTK equipment, each detailveyrpoint had both a S6 total station
coordinates.

Laser Scanner Data Collection

The terrestrial laser scanner was set over a dprihlead beside each of the greens, although n
necessarily the same one used for the S6, to aclaesingle set-up at each green. At eacl
location two targets were placed on coordinatedkenbeside the green to provide orientation of
each scan onto the MGA94 coordinate system totieila direct comparison with each method.

Two 'fine scan setting' scans were completed dt ehthe six greens. The linked laptop computel
contained the I-SITE Studio software to operatesttanner process and store the data.

The scan data files for each green were too laggegrally over one million points) for the
Terramodel processing software. Hence, the dat® vikered of unnecessary data between :
variety of distances from 0.1m to 0.5m spacing leetwretained data points.

Processing

Three-dimensional surfaces and contours from eath collection method were created using
Terramodel to establish comparison consistency0.0% metre contour interval was used as the
best and most practical interval give the methagkdun profile grading of greens. The contours
were smoothed using the B Spline option in thewsri's contour creation settings.

Check Observations

To provide an independent check on the accura@ach of the survey methods used, a series ¢
twenty-three independent points were collectecaatiom positions over the 8th green using the
S6 for horizontal position and a digital level foeight. These check points were collectec
independently of other data collection methods pitigat common set up and backsight points
were used for the S6 positioning of the check moartd the initial data collection. The check
points were imported into the software and theatiewm of each compared against an interpolate
height from each of the three-dimensional surfacteated from the three data collecting methods

RESULTSAND DISCUSSION

Accuracy and Precision

The graphed height differences obtained from cleaath point (Figure 3) clearly shows the GPS
height to be inconsistent with the check obserwatiby an average +0.03m. While a consisten
relative value of +0.03 over a green is acceptdbiepractical golfing purposes, the height
differences range from +0.012m to +0.045m is ungtad®e where slope accuracy is critical and
the surface contour interval is 0.05m.
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Figure 3. Height Variations on Check Observations

Figure 3 also shows that both the scanner and @hmeasurements were less than 0.01 m fror
the check observations and mean height variatidnenly 0.003 m. This difference may be
attributed to the length of the grass as measurenvath the scanner and S6 observations were
month apart with a further month to the recordin§she check observations. Another possible
error source may have occurred from heavy dew se#tled on the green during the night
scanning of the greens.

Comparison of the interpolated surface levels whhcheck observations indicate that 95% were
within 0.1 of a contour interval (0.005m) for thé.S Similarly, the surface created from the
scanner observations provided 86.5% of check ob#ens within 0.1 of a contour interval
(0.005m).

A relative comparison of the contours provided &mresults. Figure 4 shows contours for all
three data collection methods on the 10th greew. tbuhe contours basically coinciding because
of the scale of the output plan, the Figure 4 corg@re at slightly different elevations to enable
the comparison to be made on shape alone. Congpiéwencontours of the S6 and the scanner, |
can be seen that although the contours themsetvastdalign perfectly, there is a high correlation
in showing the correct fall and shape of the toppgy.
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Figure 4. 10th Green, Contour plot of the 3 methoaimpared.

On the green in Figure 4, and a number of othezrgrethe GPS contours became erratic and di
not match those of the other two methods. Thisalaa be seen on the 6th green in Figure !
where the GPS contours are compared with thoseeoE6. In parts, the contours are uniform in
their shape, in other areas of the green, the cortbeach method cross over showing differen
falls between the two methods.
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Figure 5. 6th Green RTK and S6 comparison.

The S6 and RTK data were collected simultaneouébyvang a direct comparison between the
coordinates of each of the points. This time udimg 8th green, the differences in easting.
northing, and reduced level were calculated. Fioenthree hundred points collected there was a
average difference of to 0.027 m between horizgmaltions values. These differences could be
attributed to a number of factors including: emmodevelling of the pole as readings were taken;
errors in setup over marks at either the GPS basg the S6 over a sprinkler head; and othe
inconsistencies in instrument heights measuremmstrument errors and errors normally
associated with the RTK method. The horizontafed&énce is considered negligible for the
purposes of this project as it is relative slope dinection that is critical to the golfer.

Efficiency

The RTK GPS proved to be the most unreliable ofttinee methods due mainly to the problems
of maintaining a fixed solution on the availabléeiies. This was caused mainly by the number
location and size of trees located around manyhefgreens. Other structures that could hav
affected the signal at several greens were the ioee and metal fencing. A stronger radio
signal or a second base station set up on the sitieof the golf course may have helped with the
RTK measurements overcoming some of the problems.

The S6 proved to be the easiest system to openateh@ most reliable during data collection.
The instrument was able to continuously maintalack on the prism allowing for efficient and
rapid data collection at all times. Having the Ra@#nhtrol set up at each of the greens facilitate
quick and easy transfer between greens as a teaw&s not required to transfer control.

Of the three methods used the scanner provideduit&est form of data collection and the most

efficient in collecting a large volume of data: hexer, processing this data proved very time-
consuming. Operating the scanner on a fine scarerand limiting the field of view of the scan to
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the golf green area, required approximately fivautes to complete each scan. This varied onl
slightly with the size of the greens and the numbledata points collected. This compares
favourably with the other two methods where, onrage, 40 minutes was required to collect
sufficient points to map a green (assuming no infgions from golfers).

The time required to setup and pack up the S6 laadt¢anner instruments systems was similal
The exception was for the RTK system as it onlyunegl the one setup for the whole course
rather than setting up at each green required dwptier systems.

Processing of the data for the S6 robotic totaistaand GPS were comparable since they bot
provided the same information and file formats.e Beanner required a lot more processing du
to a lack of knowledge about the processing softwarproblem that is partially overcome with
increased familiarity. The processing power andstbeage capacity requirements of the compute
used to run the I-Site software is also a disacgmtbut the scanned data has all the advantag
of already being in a 3D colour (day time scannimgage format. The scanner system alsc

suffers from a significantly higher hire rate comgzhto the other methods, all of which makes it
the least preferred method on an economic basis.

MAPPING SERVICE OUTPUT

The following two examples (figures 6 and 7) angidgl of the maps provided to the Golf Club

which can be made available to the players, witvitinout the cup position, in either hard copy
or digital copy format

Toowoomba City Golf Course 4th Green
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Figure 6. 4th Green map.
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Toowoomba City Golf Course 17th Green
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Figure 7. 17th Green map.
CONCLUSIONS

The aim of the project was to compare three diffeneethods for mapping flat areas, such as gol
greens, to determine the most appropriate systéhe RTK GPS was the easiest of the three
methods for data capture with minimal setups reguand easy transfer between greens as a lir
of sight was not required. However, the problemmaintaining a fixed solution, due mainly to

the number and size of trees in such an environnagck unreliable height measurements, mear

GPS was not sufficiently accurate for the purpdseapping golf greens at a contour interval of
0.05 m or less.

The laser scanner was the most efficient at caligalata, but the processing of results was ver
time consuming. The system hire costs made thi©iedethe most expensive technique to use
however, the level of accuracy was at least congb@artm, and slightly more accurate than, the
robotic total station. The S6 robotic total statmoved the most time consuming process but als
the most efficient and easiest to use method ferctipture data. Mapping golf greens by this
technigue will achieve a 0.05m contour plan witAmaccuracy range of 0.005m.
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