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A Study on the World Geodetic System Transformation
Using Triangle Mesh Warping
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Abstract The Triangle Mesh Warping method is suggested and applied in coordinate transformation to world
geodetic system in this study. The common points of Uiwang city are used to compare the transformation accuracy of
the suggested methods with existing national coordinate transformation methods. As a result, the Triangle Mesh
Warping method was satisfied with accuracy criteria for positioning on a map larger than scale 1/1,000 with smaller
number of common points and without distortion modeling. Additionally, in case of Guri and Pyeongtaek city that
established the World Geodetic System, the suggested method generates the result of transformation accuracy better
than 5cm. Based on the test, it was found that the suggested method improves the problem of securing many common
points and reduces the problem of mis-match between the transformed data of adjacent areas. Accordingly, for
transformation of large-scale topographic map, cadastral map, GIS DB and serial cadastral map to the World Geodetic
System, it is judged that the Triangle Mesh Warping would be a good method for economical efficiency and accuracy
using by minimum common point.
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Figure 1. Standard Procedure of WGS Coordinate Transformation
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Figure 2. An Example of Triangle Warping
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Table 1. Result of Points in Test Area (Uiwang-City,
Unit: m)

Bessel(A) GRS80(B)

Point

Name North East North East

—

L5 |432,268.79|202,761.21|432,574.59(202,831.56

448 (427,722.12|205,115.78|428,028.05 [ 205,186.25

TL24|427,541.69(200,627.72|427,847.49|200,698.25

L65 |430,409.87|201,037.40 (430,715.64|201,107.84

TL29|427,308.51|199,360.33427,614.28 | 199,430.89

TL28|426,641.01{199,208.91|426,946.78|199,279.49

L60 |430,484.73|199,812.69(430,790.47|199,883.15

tl-16 [430,474.69| 199,588.40 | 430,780.42| 199,658.86

Mol -LR BEN I e N Y N B R )

T15 |430,470.25(201,322.73|430,776.03|201,393.17

10 | L62 |429,621.77|200,879.64 |429,927.55|200,950.11

11 | L52 |431,218.55]200,279.25|431,524.29|200,349.67

12 | L54 |431,231.50|200,912.65|431,537.25|200,983.06

13 |TL14|431,781.75|202,270.23 |432,087.54 | 202,340.61

T5 |432,256.75|202,763.34|432,562.54|202,833.70

TL21|427,776.80|200,172.91 | 428,082.58|200,243.44

81 |TL20|428,001.30{199,458.02|428,307.06|199,528.55

L63 |427,915.63|199,858.64 (428,221.40|199,929.17

83 |TL34|429,835.16|196,200.78 | 430,140.79|196,271.30

TL39{428,934.721196,438.66 | 429,240.38 | 196,509.21

85 |TL37|427,881.26|196,627.53 |428,186.94|196,698.12

TL32|423,073.66|194,765.99(423,379.35|194,836.74
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Figure 3. CASE 1
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Figure 5. CASE 3

Table 2. Points for Triangles Meshes Composition  (Unit: m)
Bessel(A) GRS80(B)
Point Name Note
X(North) Y (East) X(North) Y (East)
SEOULI1 444,958.58 188,346.10 445,263.68 188,415.90 .
CASEI | MANRIPO23 | 369,009.16 131,798.13 369,314.59 131,869.65 ! E:igle
ANSEONG303| 412,065.19 230,199.51 412,370.92 230,269.29
BM26-2A 427,048.60 197,198.97 427,354.31 197,269.57
SEOULI1 | 444,958.58 188,346.10 | 445263.68 | 18841590 | - Iriangle Meshes
CASE2 (One Uiwang-City’s
MANRIPO23 | 369,009.16 131,798.13 369,314.59 131,869.65 Point Inclusion)
ANSEONG303| 412,065.19 230,199.51 412,370.92 230,269.29
448 427,722.12 205,115.78 428,028.05 205,186.25
L62 429,621.77 200,879.64 429,927.55 200,950.11
BM32-10-1 421,465.78 197,866.29 421,771.60 197,937.05
CASE3 5238 433,456.49 187,585.09 433,761.81 187,655.63 8 Triangle Meshes
T325 422,110.70 193,938.89 422,416.38 194,009.68 | (Uiwang-City’s Points)
SW462 424,920.57 202,120.18 425,226.45 202,190.77
BM26-2A 427,048.60 197,198.97 427,354.31 197,269.57
B302 437,496.00 201,094.88 437,801.68 201,165.10
o] th-e9] 371%] oo tste] AlzkE ol Wahe Table 3. Standard Limits of Errors on Digital Map
A3 AALE FASHATE AA, RAE TS Scale
UE FEHLR @Y TS sk A B4, Classification Over 1/500 Below | Note
A 0] Ao J9A] B FEHE F7Fste] 374] 111,000
Ak LASE Ao M o9 ZEAL Tg Graphical | Within Within
3 870 Abzhe JrAgsteh 371R] Ao tisle] Plane | Distance 0.5mm 0.7mm
= 23 ZRAAE TAlY AP, o5 F 2 Position|  Actual Within Within
CASE9|| ot ZEAS AAsle] Azhy A3}, Distance 0.250m 0.700m
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Table 4. Comparison of Graphical Distance Distortion (A X, AY) and Plane Position Error(V) by Case (Unit: m)

Classification AX AY \ Note
CASE Average 0.6640 | 0.5180 | 0.8440 | - Transformation by National Coordinate Transformation
Standard Maximum 0.7490 | 0.6660 | 0.9520 Coefficient
Guideline | Standard Deviation | 0.0330 | 0.0540 | 0.0400 | - 86 Points over 1/1000 Error Standard
Average 0.3000 | 0.5222 | 0.6020
CASE1 Maximum 0.3081 | 0.6645 | 0.7406 | -7 Points over 1/1000 Error Standard Excess
Standard Deviation | 0.0290 | 0.0537 | 0.0492
Average 0.0524 | 0.1668 | 0.1770 . L
CASE2 | Maximum | 02666 | 0.4162 | 04314 | Al PO Wihin /0000 Frror Sandard
Standard Deviation | 0.0482 | 0.0980 | 0.1055
Average 0.0048 | 0.0051 | 0.0075
CASE3 Maximum 0.0673 | 0.0422 | 0.0728 | - All Points within 1/1,000, 1/500 Error Standard
Standard Deviation | 0.0083 | 0.0060 | 0.0098

Table 5. Accuracy Comparison by the Coodinate Transformation Method in Demonstration Area(Uiwang-Si)(Unit: m)

Transformation by State Coordinate Transformation N . . .
Transf T le Mesh
Point Coefficients(Standard Guideline) ransformation by Triangle Mesh Warping
Name Conversion GRS80 Ellipsoid(C) Distortion(B-C) Conversion GRS80 Ellipsoid(D) Distortion(B-D)
X(North) Y(East) AX AY X(North) Y(East) AX AY
L5 432,573.89 202,831.11 0.696 0.457 432,574.589 202,831.57051 | 0.00051 | 0.01051
448 428,027.30 205,185.74 0.749 0.508 428,028.05000 | 205,186.25000 | 0.00000 | 0.00000
TL24 427,846.79 200,697.71 0.696 0.541 427,847.49133 | 200,698.25491 | 0.00133 | 0.00491
L65 430,714.96 201,107.34 0.683 0.496 430,715.64399 | 201,107.84306 | 0.00399 | 0.00306
TL29 427,613.59 199,430.33 0.682 0.553 427,614.27827 | 199,430.89047 | 0.00173 | 0.00047
L63 428,220.72 199,928.63 0.683 0.540 428,221.40420 | 199,929.17525 | 0.00420 | 0.00525
TL34 430,140.17 196,270.76 0.626 0.535 430,140.79893 | 196,271.30802 | 0.00893 | 0.00802
TL39 429,239.74 196,508.66 0.637 0.550 429,240.37927 | 196,509.21250 | 0.00073 | 0.00250
TL37 428,186.29 196,697.55 0.647 0.568 428,186.94031 | 196,698.11243 | 0.00031 | 0.00757
TL32 423,378.70 194,836.09 0.650 0.647 423,379.35218 | 194,836.74054 | 0.00218 | 0.00054
Bt 0.665 0.518 Bt 0.00447 | 0.00514
A 0.033 0.054 EFHA} 0.00593 | 0.00309
dole] FEHeE AAYS /T 3714 A%l <, CASE2+= 1/1,000 o442 Aghteof 174, CASE3
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Table 6. Comparison of Graphical Distance Distortion (AX, AY) and Plane Position Error(V) by Case in

Guri-City [4] (Unit: m)

Classification AX AY A% H] 11
CASE Average 0.7827 | 1.2087 | 1.6349 | Adjustment of Distortion Quantity Using
Standartd Maximum 7.2520 | 6.7100 | 7.6388 Distortion Quantity Model
Guideline Standard Deviation | 1.1465 | 1.5395 | 1.7611 (92 Points)
. Average 0.0101 | 0.0055 | 0.0122 No Distortion Quantity Model
& . Maximum 0.0434 | 0.0134 | 0.0453 is necessary
Transformation .
Standard Deviation | 0.0091 | 0.0041 | 0.0091 (9 Points)

Table 7. Comparison of Graphical Distance Distortion (AX, AY) and Plane Position Error(V) by Case in

Pyeongtaek-City [9] (Unit: m)

Classification AX AY A% H| 11
CASE Average 0.766 | 0.853 1.150 | Adjustment of Distortion Quantity Using
L Maximum 0.930 1.032 1.293 Distortion Quantity Model
Standartd Guideline .
Standard Deviation| 0.087 | 0.069 | 0.065 (400 Points)
Trianele Average 0.007 0.005 0.009 No Distortion Quantity Model
& . Maximum 0.035 0.050 0.051 is necessary
Transformation .
Standard Deviation| 0.005 | 0.005 | 0.007 (7 Points)
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