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A Study on the Ground Surface Area Calculation of
Golf Course using Triangulated Irregular Network

Sang-Seok KIM' - Yong-Ku CHANG - Jae—Ha KWAK® - Youn—-Soo KIM!
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ABSTRACT

In these days, surveying instruments are developing rapidly and the precision is improving
continuously. The reappearance of three dimensional terrains of a great precision are possible and the
calculation of the area or the volume has a high precision due to the development of the technique of
the spatial information system using computer. But actually, in construction site they calculate
two-dimensional area using the traditional method, plane table surveying, planimeter, and then get
ground surface area through timing the slope correction factor. In this study, I show the defect and
inefficiency of the calculation of the area by the traditional methods and survey the area with Electronic
Distance Measuring equipment and GPS instrument. With these data, we made the three dimensional
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terrain model and calculated two-dimensional area and ground surface area. After that, I compared

areas that calculated by algorithm method of irregular triangle and analysis of grid method with

standardizing the area that calculated by the traditional method. Finally, I suggested more effective

and precise method in calculating ground surface area.

Area, Triangulated  Irregular

Ground  Surface

Terrain ~ Model,

Network, Golf Course
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FIGURE 1. Flow chart
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TABLE 1. The capacity of GPS instrument used in this study

47| x| s AEER & LAHR| HE ols &&
Z-12 Smm+1ppm S5mm+1ppm 20mm+1ppm 20mm+1ppm
TABLE 2. Control point coordinates
CP1 P20 P21 p22 P28 P29
X 198907.512 198661.124 198425.456 198362.691 198270.145 198441.461
Y 221691407 221944945  222261.254 222224.434 221677.338 221608.937
Z 61.173 61.977 64.154 58.523 40.914 52.083
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TABLE 3. The comparison of efficiency between plane table surveying and electronic distance

measuring equipment
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TABLE 4. The comparison of efficiency between grid network and triangulated irregular network
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TABLE 5. Slope correction factor

e = Rough Fairway Hole'# ™ 2|2t ™
ZAALR A A S 1.001 1.001 1.118 1.414

TABLE 6. Two dimensional area calculated by the plane table surveying

24 ¥

Hole o Fairway Rough Bunker Green Tee
S1 6460.88 20597.78 1019.55 715.16 993.85
S2 6876.71 11501.09 793.17 72551 635.77
S3 - 7378.74 71.96 817.28 614.21
S4 6973.80 17573.28 280.13 725.40 798.90
S5 17071.87 15030.26 27593 802.43 648.02
S6 1269.02 7019.74 488.83 719.53 707.98
S7 9446.91 13075.58 271.05 679.39 829.86
S8 6092.51 14786.68 31528 886.58 759.46
S9 1438212 24115.07 1015.26 743.27 792.84

TABLE 7. Ground surface area calculated by multiplying slope correction factor

24 wx

Hole o Fairway Rough Bunker Green Tee
S1 6467.34 20618.37 1019.55 715.16 993.85
S2 6833.59 11512.59 793.17 72551 635.77
S3 - 7386.12 71.96 817.28 614.21
S4 6980.77 17590.85 280.13 725.40 798.90
S5 17088.94 15045.29 275.93 802.43 648.02
S6 1270.29 7026.76 488.83 71953 707.98
S7 9456.35 13088.66 271.05 679.39 829.86
S8 6098.60 14801.47 315.28 886.58 759.46

S9 14396.50 24139.19 1015.26 743.27 792.84
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24 HWE
Hole o Fairway Rough Bunker Green Tee
S1 6470.03 20671.77 1028.06 724.11 1001.89
S2 6885.87 11541.80 798.10 735.43 641.55
S3 - 7393.13 74.86 827.16 619.68
S4 6985.21 17616.83 285.91 734.61 805.11
S5 17074.17 15074.29 281.42 810.47 653.59
S6 1273.83 704891 495.67 727.26 71218
S7 9453.72 13114.29 276.68 685.99 834.83
S8 6098.37 14834.84 320.37 892.25 763.38
S9 14391.88 24190.51 1025.14 751.29 798.45

TABLE 9. Ground surface area calculated by electronic distance measuring equipment in grid method

24 oz

Hole o Fairway Rough Bunker Green Tee
S1 6523.38 22759.36 1037.15 732.27 1012.26
S2 6935.52 12247.88 810.08 743.82 648.15
S3 - 7579.31 76.30 836.19 626.26
S4 7034.31 18126.05 288.81 742.48 813.27
S5 17224.41 1543373 284.64 820.40 660.31
S6 1280.52 724841 501.07 735.46 719.42
S7 9534.72 13470.52 279.93 693.61 843.37
S8 6151.56 15415.92 324.88 903.77 771.33

S9 14516.73 25155.70 1037.15 759.64 806.68
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FIGURE 3. Triangulated irregular network modeling FIGURE 4. Three dimensional terrain model of

of S8 hole

the golf course

TABLE 10. Two dimensional area calculated by electronic distance measuring equipment in

triangulated irregular network

o4 wa

Hole o Fairway Rough Bunker Green Tee
S1 6471.58 20612.79 1028.10 724.16 1001.91
S2 6836.92 11509.29 798.36 735.48 641.56
S3 - 7384.04 74.87 827.20 619.70
S4 6986.59 17584.67 285.95 734.64 805.12
S5 17082.37 15041.38 281.50 810.63 653.61
S6 1274.00 7026.12 495.82 727.36 712.19
S7 9457.27 13086.06 276.76 686.05 834.85
S8 6100.25 1479781 320.49 892.42 763.40
S9 14395.97 24131.39 1025.37 751.34 798.46
TABLE 11. Ground surface area calculated by electronic distance measuring eqguipment in

triangulated irregular network

24 9z

Hole o Fairway Rough Bunker Green Tee
S1 6497.39 22679.98 102891 725.02 1002.24
S2 6907.89 12199.09 803.65 736.46 641.73
S3 - 7549.12 75.09 82791 620.06
S4 7006.28 18053.84 286.51 73513 805.22
S5 17164.33 15372.24 282.38 812.28 653.77
S6 1275.42 7219.53 497.09 72818 712.30
S7 9496.73 13416.85 277.70 686.74 835.02
S8 6127.05 15354.50 322.30 894.82 763.69
S9 14458.89 25067.96 1028.91 752.12 793.69
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TABLE 12. Comparision of two dimensional area between grid and triangulated irregular network

standardizing area calculated by the plane table surveying
24 Ha RS M WA ik Lak!
Hole ™ (gEh (tin) (grid) (33 9t-tin) (3 d-grid)

S1 29787.22 29838.54 29895.86 51.32 108.64

S2 20532.25 20571.61 20602.75 39.36 70.50

S3 8882.19 8905.81 8914.83 23.62 32.64

S4 26351.51 26396.97 26427.67 45.46 76.16

S5 3382851 33869.49 33893.94 40.98 65.43

S6 10205.10 10235.49 10257.85 30.39 52.75

S7 24302.79 24340.99 24365.51 38.20 62.71

S8 22840.51 22874.37 22909.21 33.86 63.70

S9 4104856 41102.53 41157.27 53.97 108.71

i 39.68 71.80

standardizing area calculated by the plate survey

TABLE 13. Comparision of ground surface area between grid and triangulated irregular network

4 Wi M M ™A ™ ™
Hole & (me) (tin) (grid) (tin-3 9) (grid- 3)
S1 29814.28 31933.54 32064.42 2119.26 2250.14
S2 20550.63 21288.82 21385.46 738.19 834.83
S3 8889.57 9072.18 9118.06 182.61 228.49
S4 26376.06 26886.98 27004.92 510.92 628.86
S5 33860.61 34285.00 34423.49 424.39 562.87
S6 10213.39 10432.52 10484.88 219.13 271.49
S7 24325.32 24713.04 24822.14 387.73 496.82
S8 22861.39 23462.36 23567.45 600.97 706.06
S9 41087.06 42106.57 42275.89 1019.51 1188.83
3 3t 689.19 798.49
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FIGURE 6. Three dimensional terrain model of

the golf course
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