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The Precise Positioning with the 3D Coordinate
Transformation of GPS Surveying
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ABSTRACT

On this study, Among the classification methods of land cover using satellite imagery, we
compared the classification accuracy of Neural Network Classifier and that of Maximum
Likelihood Classifier which has the characteristics of parametric and non-parametric
classification method. In the assessment of classification accuracy, we analyzed the
classification accuracy about testing area as well as training area that many analysts use
generally when assess the classification accuracy. As a result, Neural Network Classifier is
superior to Maximum Likelihood Classifier as much as 3% in the classification of training data.
When ground reference data is used, we could get poor result from both of classification
methods, but we could reach conclusion that the classification result of Neural Network

Classifier is superior to the classification result of Maximum Likelihood Classifier as much as
10%.
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Table 1. Control requirements and network configuration

Technique

Control Requirements

Network Configuration

Single Point none

not applicable

Differential

1 or more 3D points

radial

Conventional Static )
(or equivalent)

3 or more 3D points

closed geometrical figure

Rapid Static &

o . ‘| varies
Semi-Kinematic

varies
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Table 2. Coordinates of SUWN and DAE]

Coordinates
WGS-84
Stations ¢ (deg) A (deg) H(m)
DAE] 36-23-57.94627 127.22-28.11647 116.8486
SUWN 37-16-31.84104 127-03-15.19860 86617
3.2 GPS & A™
321 #=
U - A5 AG] At WGS-84 ENA FE DAk
Z5E Bessel BHIA HEZ AXWIAATE &F
st A3 GPS #&ELL A 8 oF - AE

Ade] 35, 45 A2 el GPS AHEIE AN
a%r. A1 3%e Fig 59 34¢ Haen, 4
4 9y 23 42 Fig 67 2¢ 348 1Y,

3.3 ¢ =3
331 274 =4

g} 7149 HFzA IA HaT7E 2Ho] o
FolAn % e e @ FHE  PeHE=
3 & F gt 71 #5%E F83e d 28
& 3 ud ge ZE 31 & % 245 73
th o] 249 ke 7IEH ARRE A 5
o ARsA g IX B T A 9
A B4 u] 2AE AaE EHHA AA
g 4 gtk Table 30 A2d 7% H& 742
A% T8 @& 7 AES VIS, F 7AW
HAEL dx, dySt dzolX & 02~10cm zo]E
LR A=

Fig. 4. Sketch of network

(DAE], SUWN,and Y coll.)

s0a

Fig. 5. Radial survey

Y coll.

oo Soun 10.00m

a0s

Fig. 6. Network survey

BEBEERERBETRE



GPS

I

&ko| 3atal

Fia

ZHE

rE
ret
=2

Table 3. Comparison of processed baseline and free adjusted baseline

From Processed Vector Free Adjusted Vector Differences

- to dx dy dz dx dy az Ax|l Ayl Az
Y coll.-314 | -9522.859 | -7712.811 | 115693 | -9522.850 | -7712.789 | 115697 | -0.009 | -0.022 | -0.004
Y coll.-464 | 945923 | 1240.816 | -500.736 | 945.897 | 1240826 | -500.723 | 0.026 | -0.01 | -0.013
Y coll.-462 | 1633359 | -2741.213 | 4430901 | 1633360 |-2741.194 | 4430.909 | -0.001 | -0.019 | -0.008
Y coll.-465 | 5229.106 | 2330.703 | 2274.467 | 5229.117 | 2330.707 | 2274456 | -0.011 | -0.004 | 0.011
307-Ycoll. | ~7664.821 | -4661.244 | -1841.650 | ~7664.839 | -4661.221 | ~1841.642 | 0.018 | -0.023 | -0.008
Y coll.~409 | -5531.225 | 6790.200 |-11820.336| -5531.277 | 6790.245 [-11820.285| 0.062 | -0.045 | -0.051
464-(8.21) | 1128327 | 2880677 |-2237.652 | 1128322 | 2880.687 | -2237.642| 0.005 | -0.01 | -0.01
409-314 | -3991.655 |-14503.068| 11936.052 | ~3991.573 |-14503.033| 11935.982 | -0.082 | -0.035 | 0.07
307-409 |-13196.209| 2129.079 |-13661.819|-13196.116| 2129.024 |-13661.927| -0.093 | 0.065 | 0.108
307-464 | -6719.068 | -3420.421 | -2342.232 | -6718.963 | -3420.416 | -2342.397 | -0.105 | -0.005 | 0.165
464-314 |-10468.691 -8953.613 | 616346 |-10468.747] -8953.615 | 616420 | 0.056 | 0.002 | -0.074
462-314 |-11156.252| -4971.559 | -4315.170 | ~11156.210 | -4971.595 | -4315.213 | -0.042 | 0.036 | 0.043
465-307 | 2435699 | 2330.500 | -432.802 | 2435722 | 2330514 | -432.814 | -0.023 | -0.014 | 0.012
465-462 | -3595.767 | -5071.871 | 2156471 | -3595.757 | -5071.901 | 2156.454 | -0.01 | 003 | 0.017
464-409 | -6477.109 | 5549.488 |-11319.660| -6477.174 | 5549.419 |-11319.563] 0.065 | 0.069 | -0.097
(8_‘:2011;.—Y -2074.086 | -4121.780 | 2738.093 | -2074.219 | -4121.513 | 2738.365 | 0.133 | -0.267 | -0.272
Mean -0.001 | ~-0.015 | -0.007

Table 4. Comparison of processed

stations(WGS-84)

coordinate and adjusted coordinate of

St Processed coordinates Adjusted coordinates

X Y 4 X Y Z dx | dv| dz

Y
-3227933.832| 4046128.064 | 3714619916 | -3227933.832 | 4046128.064 |3714619.916] 0.00 | 0.00 | 000

coll.
464 |-3226987.941| 4047368.887 | 3714119.181 | -3226987.935 | 4047368.890 |3714119.193| -0.006 | -0.003 | -0.012
314 |-3237456.725| 4038415.291 | 3714735647 |-3237456.682 | 4038415.275 |3714735.613| -0.04 | 0.016 | 0.034
462 |-3226300.493| 4043386.896 | 3719050.854 | -3226300.469 | 4043386.869 |3719050.817| -0.024 | 0.027 | 0.037
465 |-3222704.726| 4048458767 | 3716894.393 | -3222704.712 | 4048458.772 |3716894.370| 0.014 | -0.005| 0.028
307 |-3220269.027| 4050789.267 | 3716461581 |-3220268.977 |4050789.287 |3716461571| —0.05 | -0.02 | 0.01
400 |-3233465.057| 4052918.264 | 3702799580 | -3233465.055 | 4052018257 |3702799.555) -0.002 | 0.007 | 0.025
8_21 |-3225859.746| 4050249.844 | 3711881.823 | -3225859.737 | 4050249.804 [3711881.796| -0.009 | 0.04 | 0.019
Mean -0.017 | 0.009 | -0.001
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Table 5. The Cartesian geocentric coordinates of WGS-84 and Bessel ellipsoid

st - WGS-84 Bessel
CIN/W| X(m) Y(m) Z(m) X(m) Y(m) Z(m)
R -322068.995 4050789.295 3716461.556
307 -3219920.855 4050447.469 3715836.304
N -3220268.993 4050789.285 3716461.558
R -3237456.691 4038415.253 3714735.609
314 -3237111.151 4038068.754 3714110.244
N -3237456.682 4038415.275 3714735.613
R -3226300.473 4043386.851 3719050.817
462 -3225950.615 4043043.014 3718369.238
N -3226300.472 4043386.870 3719050.825
R -3226987.926 4047368.887 3714119.186
464 -3226638.811 4047024571 3713437.434
N -3226987.935 4047368.890 3714119.193
R -3222704.728 4048458.782 3716894.384
465 -3222356.124 4048115.771 3716212.817
N -3222704.715 4048458.771 3716894.372
R -3233465.057 4052918264 | 3702799.580
409 -3233119.165 4052575.649 3702119.761
N -3233465.109 4052918.309 3702799.631
Table. 6. 7-Parameters with number of control points
Nr. of \ w | 4Xtm) | 4Y@m) | 4zm) @ £ u
station (arcsec) | (arcsec) | (arcsec)
6 R 564.139 -242932 | -1989.882 -18.0634 -31.0543 -18.2649 1.000126141
N 572.831 -253.899 | -1969.623 -17.4690 -30.3327 -18.4359 1.000126364
5 R 1083.918 1014.277 | -1822.884 -37.2845 ~19.6657 -50.9886 1.000027579
N 1111.817 1017.704 | -1802.771 -36.9973 -18.7317 -51.5474 1.000027612
4 R 894.257 826.928 -1765.499 -32.6399 -22.2119 -43.9309 1.000025976
N 923.729 831.839 -1745.903 -32.3932 -21.2543 -44.5443 1.000025976
3 R 980.070 850.634 -1749.676 -32.4246 -20.7569 -46.4702 1.000029005
N 1005.451 863.245 -1731.806 -32.1718 -19.9027 -46.9597 1.000029123

Table 7. Differences

of known geographic coordinates

geographic coordinates of control points

and transformed

gtrz;xti (?rf N/W Lat.(sec) Lon.(sec) H(m)
6 R 0.0238 0.0428 0.5678

N 0.0239 0.0430 0.5732

5 R 0.0038 0.0655 1.4883

N 0.0036 0.0659 1.4437

4 R 0.0039 0.0658 1.3876

N 0.0062 0.0661 1.1774

3 R 0.0039 0.0649 1.2352

. N 0.0041 0.0653 1.2516
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Table. 8. 4-parameters with number of control points

Nr. of
) N/W AN(m) AE(m) R(Deg) “
Station ,
R 0.098 0.061 0.00000002 0.999999623
6 * 0418 * 0418 + 0.00258381 =+ 0.000045096
N 0.099 0.061 0.00000002 0.999999621
* 0421 * 0421 * 0.00260071 + 0.000045391
R 0.080 0.049 0.00000001 0.999999693
5 + 0.070 + 0070 + 0.00050061 + 0.000008737
N 0.080 0.049 0.00000001 0.999999693
* 0.070 £ 0.070 £ 0.00050309 + 0.000008781
R -0.012 ~0.007 0.0000000 1.000000047
4 * 0.068 + 0.068 =+ 0.00044065 + 0.000007691
N -0011 -0.007 0.00000000 1.000000044
+ 0.069 + 0.069 + (.00044624 + 0.000007788
7 0.000 0.000 ~0,00000 1.000000000
3 * 0.016 £ 0.016 + 0.00009103 + 0.000001589
N 0.000 0.000 0.000000000 1.000000000
* 0.020 * 0.020 + 0.00011919 +0.000002080
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Table 9. 5-parameters with number of control points(2D+1D)
Nr. of Height
Station AN(m) AE(m) R(deg) shift(m) ©
R ~0.000 -0.000 0.000 -0.000 1.000
5 + 0418 + 0418 + 0.00258381 + 0372 + 0.000045096
N -0.000 ~0.000 -0,000 -0.000 1.000
£ 0421] + 0421 + 0.00260071 + 0373 £ 0.000045391
R -0.007 -0.000 0.000 -0.000 1.000
5 * 0.070 £ 0.070 £ 0.00050061 * 0.201 £ 0.000008737
N -0.000 -0.000 -0.000 -0.000 1.000
+ 0.070 £ 0.070 * 0.00550309 £ 0288 £ 0.000008781
R -0.000 -0.000 -0.000 0.000 1.000
4 + 0068 £ 0.068 £ 0.00044065 + 0120 + 0.000007691
N -0.000 ~0.000 0.000 -0.000 1.000
+ 0069 =+ 0.069 + 0.00044624 + 0.114 £ 0.000007788
R -0.000 ~0.000 0.000 -0.000 1.000
5 £ 0016] =+ 0016 + 0.00009103 £ 0.000 + 0.000001589
N -0.000 -0.000 0.000 -0.000 1.000
£0.020 + 0.020 + 0.00011919 + 0.000 £ 0.000002080
Table 10. Differences of known geographic coordinates and transformed
geographic coordinates of control points
2D 2D+ 1D
Nr. of Lat. Lon. Lat. Lon.
Station N/W (sec) (sec) (sec) (sec) H(m)
R 0.0237 0.0420 0.0234 0.0426 0.5679
6
N 0.0239 0.0433 0.0239 0.0430 0.5732
R 0.0040 0.0655 0.0037 0.0655 1.4249
5
N 0.0037 0.0660 0.0036 0.0659 1.4437
R 0.0037 0.0659 0.0039 0.0658 1.1562
4
N 0.0035 0.0665 0.0062 0.0661 1.1774
R 0.0036 0.0653 0.0039 0.0477 1.235
3
N 0.0039 0.0657 0.0041 0.0653 1.2516
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Table 11. Coordinate differences between WGS-84 ellipsoid and bessel ellipsoid of

station
WGS-84 - Bessel
St. Radial survey Network survey
dx ay dz dx dy daz

307 -348.14 341.826 681.103 -348.138 341.816 681.105

314 -34554 346.499 679.831 -345531 346521 679.835

462 -349.858 343.837 681.579 -349.857 343.856 681587

464 -349.115 344,316 681.752 -349.124 344.319 681.759

465 ~348.604 343.011 681.567 -348.501 343.000 681.555

409 -345.892 342,615 679.819 -345.944 342,66 679.87
Mean -347.858 343684 680.942 -347.864 343.695 680.952
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Table 12. Comparisoq of known coordinates and transformed coordinates of test
control points(3D) using 6 control points

. Transformed coordinate(3D)
Known coordinates -
St Radial survey Network survey
' Lat. Lon. n(m) Lat. Lon. () Lat. Lon. h(m)
(deg) (deg) (sec) (sec) m (sec) (sec) m

303 35-59-11.030 128-36-8.490 660.02 11.043 8.765 657.665 11.043 8.766 657.720
310 35-40~24.130 128-24-31.089 408.26 24.062 31.229 411.393 24.062 31.228 411.314
313 35-40-23.693 128-27-46.546 161.08 23675 46672 164.363 23675 46,671 164.278
315 35-52-37.747 128-41-44.394 130.81 37.743 44.458 130.819 37.743 44.459 130.819
320 35-39-58.031 128-43-36.777 216.100 58.108 37.015 217.942 58.108 37.015 217.825
322 35-37-58.133 128-24-18.325 61.820 58.059 18.588 68.193 58.059 18.588 68.095
330 35-47-39.186 128-27-28.625 50.760 39.161 28.594 52.258 39.161 28.594 52234
331 35-51-38.661 128-31-45.992 98.920 38.682 46.055 98.693 38.682 46.055 98.693
409 35-42-45.490 128-34-57.517 282.380 45.445 57.543 282.300 45.445 57.542 282.221
4104 | 35-46-26.136 128-43-16.777 135.290 26.097 16.846 135.690 26.097 16.847 135.627
41051 35-49-17.986 128-43-27.435 63.930 17.954 27551 63.835 17.954 27.552 63.794
415 35-54-55.430 128-37-09.279 29.450 55.454 09.322 28.023 55.454 09.322 28.041
424 35-43-09.036 128-26-13.270 76.540 08.952 13.363 79.195 08.952 13.362 79.136
425 35-55-48.319 128-41-32.427 204.490 48.337 32501 194.490 48.337 32.502 194.506
462 35-53-39.432 128-35-11.125 120.330 39.451 11.163 120.814 39.451 11.163 120.824
Mean 0.04392 0.0901 3.5854 0.04392 0.0901 3.5521

Table 13. Comparison of known coordinates and transformed coordinates of
test control points(2D) and (2D+1D) using 6 control points

Transformed coordinate(2D) Transformed coordinates(2D+1D)

St. Radial survey Network survey Radial survey Network survey

EH | Gem &y | Ry | B Ry | oam |l |y | how
303 11.043 8.765 11.043 8766 11.043 8.765 657.665 11.043 8.766 657.720
310 24.062 31.229 24.062 31.228 24.062 31.229 411.393 24.062 31.228 | 411.314
313 23.675 46.672 23675 46,672 23.675 46.672 | 164.363 | 23675 46.672 | 164.278
315 37.743 44.458 37.743 44.459 37.743 44.458 130.819 37.743 44459 | 130.819
320 58.108 37.014 58.108 37.015 58.108 37.014 217.942 58.108 37.015 | 217.825
322 58.059 18.583 58.059 18.583 58.059 18.588 68.193 58.059 18588 | 68.095
330 39.161 28.594 39.161 28.594 39.161 28.594 52.258 39.161 28594 52.234
331 38.682 46.055 33.682 46.055 38.682 46.055 98.693 38.682 46.055 98.693
409 45.445 57543 45.445 57.542 45.445 57.543 282.300 45.445 57542 | 282221
4104 26.097 16.846 26.097 16.847 26.097 16.846 135.690 26.097 16.847 | 135.627
4105 17.954 27.551 17.954 27.552 17.954 27.551 63.835 17.954 27552 63.794
415 55.454 09.322 55.454 09.322 56.454 09.322 28.023 55.454 09.322 | 28.041
424 08.952 13.363 08.952 13.363 08.952 13.363 79.195 08.952 13.363 79.136
425 48.336 32501 48.337 32.502 48.336 32.501 194.490 48.337 32502 | 194.506
462 39.451 11.162 39.451 11.163 39.451 11.162 120.814 39.451 11.163 | 120.824
Mean 0.04387 0.0900 0.04392 0.0901 0.04387 0.0900 3.5854 0.04392 0.0901 3.5521

B 8EFE 2% 2000 F6A8 - 57 -




seg -

s -o07l%.

Table 14. Comparison of known coordinates and transformed coordinates of test
control points(3-parameter) using 6 control points

Known coordinates . Transformed coordinates
St. Radial survey Network survey
égg) 3ec) H(m) sgf:) %é%rcl H(m) (Iégtt:) %é)e% H(m)

303 | 35-59-11.030 | 128-36-8.490 | 612.044 | 10.965 8.820 612.385 10.965 8820 | 612.370
310 | 35-40-24.130 {128-24-31.089 | 361.614 | 24186 31229 | 361224 | 24186 31229 | 361.208
313 | 35-40-23693 | 128-27-46546 | 114686 | 23784 46648 | 114647 | 23784 46648 | 114831
315 | 35-52-37.747 | 128-41-44.394| 84002 | 37.689 44422 | 84.102 37.689 44422 | 85.086
320 | 35-39-58.081 |128-43-36.777| 170896 | 58.140 | 36868 | 170114 | 58140 36.868 | 170,098
322 | 35-37-58.133 | 128-24-18325 | 15448 | 58.204 18572 17508 58.204 18572 | 17582
330 | 35-47-39.186 | 128-27-28625| 03480 | 39.217 28628 | 03837 39.217 28628 | 03.821
331 | 35-51-38.661 |128-31-45992 51495 | 38686 46.087 51.545 38.686 46.087 | 51529
409 | 35-42-45490 |128-34-57517 | 236.242 | 45499 | 57482 | 233913 | 45499 57482 | 233897
4104 | 35-46-26.136 | 128-43-16.777 | 89.308 | 26.083 16.751 89.020 26.082 16.751 89.004
4105 | 35-49-17.986 |128-43-27.485| 17677 17.917 27.476 17.722 17917 27477 17.707
415 | 35-54-55.430 | 128-37-09.279 | -17.956 | 55.406 09337 | -17831 55.406 09338 | -17.847
424 | 35-43-09.036 [ 128-26-13.270 | 29.699 | 09.048 13372 29790 09.048 13372 | 29774
425 | 35-55-48319 | 128-41-32.427 | 157.300 | 48.259 32490 | 149325 | 48250 32.490 | 149.309
462 | 35-53-39.432 |128-35-11.125 | 72926 | 39.423 11.183 74.467 39.423 11.184 | 74451
Mean 0.0603 0.0991 2.3292 0.0604 0.0990 | 23290
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