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Abstract
Keywords : e-GNSS, VBS-RTK, coordinate transformation,multi-constellation positioning system
Today the cadastral haven’t been arranged are mostly located in mountain or hilly region. It is
time-consuming due to the large area and nonintervisibility. The e-GNSS, real-time kinematic
positioning system, is capable of receiving GPS, GLONASS, Galileo, Beidou and QZSS multi-
satellite signals. The core positioning technology of e-GNSS is VBS-RTK(Virtual Base Station Real-
Time Kinematic). The advantages of e-GNSS are unnecessary intervisibility , weather unaffected and
shorten observation time. In Taiwan, there are plenty of e-GNSS researches applied to surveying.
This study is the research of boundary survey by using e-GNSS, real-time kinematic positioning
system.
This study leads to some outcomes as the followings
1.The results are trustworthy with e-GNSS system in open area . There are 93.19%~99.98% of
horizontal precision in 2cm during the long term observation.
2.In this experiments, the observation results are unstable in the noon time due to the delay of
ionosphere.
3.The ratio of horizontal differences in 2cm is increased, by using transformed coordinates,
which are averages observations of dense control points and mapping control points in
different sections.
4.In open area, the fixed solution can be calculated rapidly (in 1 minute) by setting the
receiving angle of elevation in 15 degree with multi satellites e-GNSS system.
5.1f only using the homogeneous dense control points in the area as conversion points, the
results of boundary points are inaccurate. However, the results will be much more stable and
accurate by adding mapping control points as conversion points.
6.The stable results of boundary points can be derived by using the parameters calculated from
averages of the dense control points and mapping control points coordinates in different
sections . These results of boundary points can meet the precision requirements for city
region.
7.Comparing to the use of theodolite, e-GNSS has the advantage of one-man operation.
Otherwise, comparing to RTK, operation area will not be limited. The e-GNSS system with
multi satellites in boundary survey will reduce human resources and evaluate working

efforts.
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Ras | @5 #E A2 | FALOOA #x WAL2o8 | FLO6A
BI61-1 | 37.120 | 37.111 | 0.009 [ [ 37.133 |-0.013 [ s
BI61-2 | 69.345 | 69.337 | 0.008 fEps fEps 69.340 | 0.005 [ [
BI61-3 | 46.879 | 46.894 |-0.015 fEps fEp 46.850 | 0.029 | X {2 fEps
BI61-4 | 32.086 | 32.081 | 0.005 [ [ 32.084 | 0.002 [ s
BI61-5 | 63.597 | 63.591 | 0.006 = = 63.597 | 0.000 = g
BJ55-6 | 30.385 | 30.389 |-0.004 = = 30.381 | 0.004 = g
BJ55-7 | 61.351 | 61.364 |-0.013 = = 61.350 | 0.001 “e g
BJ55-8 | 29.719 | 29.719 | 0.000 = = 29.725 |-0.006 = g
BJ55-9 | 73.396 | 73.385 | 0.011 = = 73.400 |-0.004 = g
BJ55-10 | 43.944 | 43.955 |-0.011 = = 43.927 [ 0.017 = g
BI8S-11 | 27.407 | 27.411 [-0.004 g g 27.396 | 0.011 g oL
BI88-12 | 20.945 | 20.937 | 0.008 [ [ 20.923 [0.022| % {2 s
BI88-13 | 54.799 | 54.790 | 0.009 [ [ 54.776 [ 0.023 | A& [
BI88-14 | 28.794 | 28.794 | 0.000 fEps fEp 28.792 | 0.002 [ s
BI88-15 | 73.217 | 73.219 |-0.002 g g 73.209 | 0.008 (R (R
BJ121-16 | 39.880 | 39.879 | 0.001 g g 39.874 | 0.006 (R (R
BJ121-17 | 70.456 | 70.459 |-0.004 = = 70.453 | 0.002 = g
BJ121-18 | 101.540| 101.548 |-0.008 = = 101.540 | 0.000 = g
BJ121-19 | 23.143 | 23.142 | 0.001 = = 23.148 [-0.005 = g
BJ121-20 | 49.542 | 49.541 | 0.001 = = 49.542 | 0.000 = g
BJ35-21 | 26.612 | 26.594 | 0.018 = = 26.606 | 0.006 = g
BJ35-22 | 34.567 | 34.578 |-0.011 = = 34.570 |-0.003 = g
BJ35-23 | 59.730 | 59.738 |-0.008 fEp fEp 59.725 | 0.005 [ s
BJ35-24 | 39.827 | 39.821 | 0.006 [ [ 39.836 |-0.009 [ [
BJ35-25 | 71.693 | 71.689 | 0.004 “a g 71.684 | 0.009 (R (R
B < @ |0.018 B % & | 0.029
B & [-0.015 %] & [-0.013
& Z | 0.008 #&Z 10.010
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BDO003-1 | 55.217 | 55.206 | 0.011 [ * & 55.217 | 0.000 * & &
BDO003-2 | 87.516 | 87.514 | 0.002 [ * & 87.515 | 0.001 * & &
BDO003-3 | 78.076 | 78.070 | 0.006 & & 78.089 [-0.013 * & &
BDO003-4 | 90.146 | 90.162 |-0.016 & i+ & 90.145 | 0.001 * & @we
BDO003-5 | 84.851 | 84.858 |-0.007 & & 84.848 | 0.003 * & &
BD036-6 | 98.620 | 98.605 | 0.015 S * & 98.636 [-0.016 S L
BDO036-7 | 63.413 | 63.404 | 0.009 & & 63.423 1-0.010 * & &
BDO036-8 | 58.318 | 58.307 | 0.011 * e i+ & 58.315 | 0.003 [ [
BD036-9 |105.964|105.976(-0.012 [ * & 105.969 |-0.005 * & &
BDO036-10| 34.551 | 34.559 |-0.008 [ * & 34.550 | 0.001 * & &
BD305-11 | 95.553 | 95.557 |-0.004 [ * & 95.559 |-0.006 & &
BD305-12|101.611 | 101.616|-0.005 [ * & 101.614 |-0.003 * & &
BD305-13 | 86.419 | 86.412 | 0.007 [ * & 86.408 | 0.011 * & &
BD305-14|111.614 | 111.606 | 0.008 [ * & 111.602 0.012 * & &
BD305-15| 91.028 | 91.032 |-0.004 & i+ & 91.031 |-0.003 [ [
BD120-16| 69.776 | 69.774 | 0.002 =+ & (S 69.782 |-0.006 & [
BD120-17| 84.783 | 84.790 |-0.007 & & 84.795 [-0.012 * & * &
BD120-18| 67.019 | 67.020 |-0.001 =+ & (S 67.019 | 0.000 & [
BD120-19| 80.201 | 80.206 |-0.005 & & 80.200 | 0.001 * & &
BD120-20 | 66.245 | 66.247 |-0.002 =+ & (S 66.243 | 0.002 =& we
BD152-21| 66.887 | 66.895 |-0.008 [ * & 66.897 (-0.010 * & &
BD152-22| 57.741 | 57.736 | 0.005 [ * & 57.741 | 0.000 * & &
BD152-23| 88.377 | 88.375 | 0.002 [ * & 88.377 | 0.000 * & &
BD152-24| 73.724 | 73.721 | 0.003 [ * & 73.729 |-0.005 * & &
BD152-25| 57.626 | 57.630 |-0.004 [ * & 57.637 |-0.011 * & &

B =< 2 | 0.015 B 2 | 0.012

B & [-0.016 -] B [-0.016

2 Z | 0.008 & Z | 0.007
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1-2 | 324329 0.037 32.434 |-0.001| 7 32.414 |-0.019| #

1-3 81.6630 0.047 81.668 |-0.005| =
4-1 51.6401 0.042 51.635 [0.005| ¢
4-2 77.4721 0.046 77471 10.001| ¢
4-3 65.6245 0.044 65.631 |-0.007| #
4-5 35.8066 0.038 35.811 |-0.004| ¢
5-2 76.7853 0.046 76.779 10.006| =
6-7 31.0187 0.037 31.028 |-0.009| #
6-8 41.3985 0.039 41.408 [-0.010{
6-9 81.2798 0.047 81.278 10.002| #
6-10 | 60.9085 0.043 60.912 |-0.004|
8-9 44.0216 0.040 44011 (0.011| #
8-10 | 72.9948 0.046 73.006 |-0.011| %
9-7 100.6210 0.050 100.626 |-0.005| =
11-14 | 56.0323 0.042 56.035 |-0.003|
11-15 | 45.8542 0.040 45852 [0.002| #
12-11 | 26.4165 0.035 26.396 [0.020
12-13 | 33.9963 0.037 33.997 |-0.001|
12-14 | 40.1271 0.039 40.126 (0.001| #
12-15 | 67.9033 0.045 67.890 [0.013|
13-14 | 66.6845 0.044 66.672 (0.013| #
13-15 | 77.1030 0.046 77.087 (0.016| =
16-17 | 30.6781 0.037 30.682 [-0.004|
16-18 | 61.7103 0.044 61.719 |-0.009| #
16-19 | 63.0214 0.044 63.020 [0.001| ¢
16-20 | 89.4205 0.048 89.419 10.002| #
18-17 | 31.0914 0.037 31.096 [-0.005| ¢
19-20 | 26.3992 0.035 26.399 [0.000| =

81.649 |-0.014|

51.639 |-0.001| #
77.462 |-0.010, #
65.603 |-0.022|

35.809 |0.002| #
76.773 |-0.012|

31.023 |0.004| #
41.398 10.000| =
81.278 |-0.002| ¢

60.898 |-0.010| #
44.019 |-0.003| =

72983 |-0.012| #
100.626 |0.005| ¢

56.020 |-0.012| #
45856 10.002|
26.405 |-0.011] #=

33.996 (0.000| %
40.114 |-0.013] =

67.896 |-0.007| #
66.666 |-0.019|
77.092 |-0.011|

30.682 10.004| #
61.716 [0.006| {*

63.021 |0.000| #
89.415 |-0.005| ¢

31.094 |0.003| #
26.394 |-0.005| #
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21-22 | 47.3595 0.041 47354 0.005| # & 47.354 1-0.005
23-22 | 29.5172 0.036 29.508 |0.009| & 29.506 |-0.011
24-21 | 60.4979 0.043 60.483 (0.015| # & 60.510 [0.012
24-22 | 67.2537 0.045 67.253 |0.001| & 67.258 [0.004
24-23 | 82.2033 0.047 82.207 |-0.004| =& 82.198 |-0.005
25-23 1101.4168 0.050 101.416 [0.001| # & 101.406 |-0.011
25-24 | 32.9698 0.037 32973 |-0.003] =& 32.949 |-0.021

B* B 0.020 B E 0.012

B & |-0.011 B B -0.022

#w# L 10.008 #w# £ 10.008
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i D REFHRF AaBK S kG RidIE BIRETL FE) Fag—> R gk &
PR T4 i A (H i v

A% R % PEE | P EL 2
Bus| (746 0 KBk R . |RREE
i~ FBgE — WiREE | L s WiREE | L .-
4-1  |143.6362 0.056 143.639 |-0.003| # & | 143.638 0.002| # &
42 |175.4523 0.060 175.465 |-0.013| # & | 175454 0.002| # 2
43 |135.1629 0.055 135.180 |-0.017| # & | 135.165(0.002| # &
45 |104.4608 0.051 104.463 |-0.002| # & | 104.468 |0.007| # 2
10-6  |105.6365 0.051 105.638 |-0.002| # & | 105.635 |-0.001| # &
10-7 | 78.2702 0.047 78277 |-0.007| # & | 78267 |-0.003| # &
10-8 | 91.6714 0.049 91.666 |0.005| #& | 91.672 [0.001| # &
109 |113.9935 0.052 113.992 [0.001| # & |114.012(0.019| #&
15-11 |186.5767 0.061 186.585 |-0.008| # & | 186.585(0.008| # &
15-12 |167.8875 0.059 167.913 |-0.026| # & | 167.913(0.026| # &
15-13 |128.6913 0.054 128.707 |-0.016| # & | 128707 |0.016| # &
15-14 | 89.5915 0.048 89.601 |-0.010| # & | 89.601 |0.010| # &
17-16 | 53.6337 0.042 53.635 |-0.001| #& | 53.635 [0.001| &
17-18 | 144.6877 0.056 144.694 |-0.006| # & | 144.699 |0.011| # &
17-19 |132.2497 0.054 132.253 |-0.003| # & | 132.255(0.005| #&
1720 |134.7079 0.055 134.719 |-0.011| # & | 134.718 |0.010| # 2
2521 | 93.8594 0.049 93.870 |-0.011| # & | 93.867 |0.008| &
2522 |115.3555 0.052 115355 [0.001| # & | 115366 |0.010| # &
2523 |109.7423 0.051 109.751 |-0.009| # & | 109.746 |0.004| # &
25-24 | 93.2848 0.049 93291 |-0.006| #& | 93.289 |0.004| &
3% & 0.005 B4 E [0.026
Bl £ [-0.026 Bl & |-0.003
&L (0.007 L [0.007
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