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[Abstract]

The study studied how multi-constellation GNSS system that combine BeiDou satellites with GPS and GLONASS satellites
without auxiliary sensors, improve location accuracy in order to compensate for the poor performance of GNSS signals generated
in urban and forest land. To this end, the location information (N, E, H) was acquired for each survey point using the Total
Station (T/S) in the urban and forest land, and the survey results obtained from the Network-RTK survey were compared and
analyzed. The Network-RTK survey was measured twice at the same point with a combination of GPS, GLONASS and GPS,
GLOAS, BeiDou and the results of comparison and analysis showed that the accuracy of horizontal and vertical positions
improved when BeiDou was combined. This is because the signal strength of the BeiDou satellite can receive more stable and
continuous signals than GPS or GLONASS, and the BeiDou satellite has better transmission than GPS or GLONASS. Therefore,
in the future, it is believed that a multi-constellation GNSS system that combines satellites such as Beidou and Galileo will be
needed in various areas that require high-precision location information such as autonomous vehicles and smart construction.
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Table 2. T/S Survey Result (Unit : m)

Division N(X) E(Y) H

C.P1 553779.370 205468.193 58.978
F.L1 553789.581 205488.428 61.938
F.L2 553787.787 205501.106 64.414
F.L3 553797.602 205502.374 64.237
F.L4 553805.045 205507.500 64.130
F.L5 553806.173 205501.357 63.783
F.L6 553812.676 205505.606 64.010
F.L7 553822.351 205503.036 63.886
F.L8 553823.235 205497.481 63.634
F.L9 553830.322 205502.043 63.745
F.L10 553828.422 205508.861 65.263
F.L 11 553827.969 205514.209 65.974
F.L12 553818.900 205525.230 67.404
F.L13 553827.639 205517.700 66.615
F.L14 553825.249 205529.318 67.441
F.L15 553822.728 205535.558 68.663
F.L16 553816.925 205546.583 71.444
F.L17 553815.673 205556.870 73.247
F.L18 553810.780 205565.804 73.955
C.P2 553779.899 205439.737 57.619
Urban 1 553781.193 205432.895 57.223
Urban 2 553784.167 205422.209 56.669
Urban 3 553794.733 205421.269 56.414
Urban 4 553769.766 205413.228 57.185
Urban 5 553759.564 205408.289 57.136
Urban 6 553792.391 205416.096 56.519
Urban 7 553806.753 205417.306 56.238
Urban 8 553820.773 205422.568 56.257
Urban 9 553825.943 205418.258 56.149
Urban 10 553846.225 205422.773 56.200
Urban 11 553836.923 205418.130 56.336
Urban 12 553846.730 205417.552 56.370
Urban 13 553850.652 205413.951 56.282
Urban 14 553850.518 205401.969 56.256
Urban 15 553850.128 205385.924 55.814
Urban 16 553850.026 205375.885 55.828
Urban 17 553849.476 205360.819 55.356
Urban 18 553846.240 205353.348 55.350
Urban 19 553832.068 205352.266 54.705
Urban 20 553820.439 205352.108 54.349
Urban 21 553805.069 205351.312 54.250
Urban 22 553792.039 205350.675 53.787
Urban 23 553778.585 205349.889 52.625
Urban 24 553757.576 205363.932 53.158
Urban 25 553757.998 205350.321 51.921
Urban 26 553756.328 205382.511 54.939
Urban 27 553759.719 205393.315 55.980
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Table 4. RTK Survey Result(R8S) (Unit : m)

GPS + GLONASS +BeiDou GPS + GLONASS
Peren N(X) E(Y) H No. of satellitesN(X) E(Y) H No. of satellites]
C.P1 553779.374  [205468.196  [58.951 26 553779.368  |205468.156  |58.996 11
F.L1 553789.600 [205488.424  |61.875 o7 553789.591  |205488.398  |61.929 12
F.L2 553787.790  [|205501.089  |64.463 24 553787.781  |205501.097  |64.435 8
F.L3 553797.594  [205502.401  |64.218 23 553797.578  |205502.364  |64.268 11
F.L4 553805.019  [205507.525  |64.132 26 553805.019  [205507.500  |64.166 10
FL5 553806.215  [205501.365 [63.833 o7 553806.209  [205501.362  [63.827 9
F.L6 553812.666 [205505.663  [63.879 26 n L u L
F.L7 553822.321  [205503.033  |64.301 26 553822.306  [205503.011  |63.963 3
FLS 553823.233  [205497.498  |63.622 24 553823.153  [205497.444  |63.647 13
FLO 553830.303  [205502.030  [63.749 24 553830.311  [205502.000 |63.777 12
F.L10 553828.456  [205508.911  [65.223 25 553828.456  |205508.756  [65.707 9
F.L11 553827.972  [205514.195 [65.995 22 - = u =
FL12 553818.877  [205525.753  [70.098 24 553818.537  [205524.493  [71.181 11
FL13 553827.626  [|205517.660 |66.719 23 = = = =
FL14 553824.752  [205529.157  [77.389 22 = = = =
FL15 553822.657 [|205535.992  [70.747 24 553822.562  [205534.497  |71.306 11
FL16 553816.413  [205546.035  [78.237 24 553816.903 [205546.578  |71.612 12
FL17 553815.716  [205556.908  [73.367 24 553815.601  [205556.285  |76.183 3
FL18 553810.762  [205565.852  [74.105 23 553810.364  [205565.889  77.873 12
c.p2 553779.885 [205439.723  |57.601 o7 553779.870  [205439.729  |57.581 13
Urban 1 553781.767 [205433.168  [58.452 26 553781.164  [205432.889  [57.120 11
Urban 2 553784.163 [205422.218  |56.643 26 553784.156  [205422.209  |56.602 9
Urban 3 553794.722  [205421.278  [56.397 26 553794.726  [205421.292  |56.456 8
Urban 4 553769.743  [205413.234  |57.141 24 553769.680 [205413.374  |57.113 13
Urban 5 553759.513  [205408.301  [57.131 o7 553758.903  [|205408.914  |60.068 10
Urban 6 553792.404 [205416.128  [56.501 o2 553792.365 [205416.095 |56.545 10
Urban 7 553806.752 [205417.320  [56.239 20 553806.768  |205417.361  [56.305 8
Urban 8 553820.762  [205422.561  [56.248 28 553820.687 [|205422.615  [56.371 13
Urban 9 553825.934  [205418.265 |56.164 24 553825.909 [205418.253  |56.144 10
Urban 10 553846.180 [205422.759  |56.178 28 553846.134  [205422.626  |56.392 9
Urban 11 553836.936  [205418.079  [56.244 18 553836.249 [205418.612  |57.391 13
Urban 12 553846.661 [205417.514  [56.309 23 553846.608 [205417.459 |56.518 12
Urban 13 553850.623 [205413.929  [56.247 02 553850.711  [205413.754  |56.658 13
Urban 14 553850.497  [205401.963 [56.010 18 553850.101  [205401.723  |59.364 11
Urban 15 553850.381  [|205386.167  [56.736 20 553850.669 [|205385.121  |56.180 9
Urban 16 553850.671  [205376.272  [57.118 17 553850.393  [|205375.869  |56.690 12
Urban 17 553849.309  [|205361.098  [56.839 22 553849.279  [205360.971  [55.050 8
Urban 18 553846.221  [205353.504  [56.005 29 553846.291  [205353.332  [55.220 12
Urban 19 553832.115 [205352.235  [54.555 29 553832.136  [205352.239  [54.558 11
Urban 20 553820.496  [205352.074  [54.186 29 553820.478  [205352.057  |54.156 )
Urban 21 553805.713  [205351.224  [54.726 25 553805.121  [205351.269  |54.105 10
Urban 22 553792.105 [205350.646  [53.623 26 553791.898  [205350.603  [55.893 9
Urban 23 553778.625 [205349.794  [52.564 o7 553778.643  [205349.831  [52.508 13
Urban 24 553758.060 [205363.805  [53.064 26 553758.032  [205363.612  [56.000 9
Urban 25 553757.571  [205350.252  |51.724 26 553757.605 [205350.217  |51.810 9
Urban 26 553754.080  [205381.527  [58.419 20 553756.888  [205382.275 [56.975 11
Urban 27 553759.511  [205393.125  [56.973 22 553759.715  [205392.351  [58.511 10
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Table 5. RTK Survey Result(GG04) (Unit : m)
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GPS + GLONASS +BeiDou

GPS + GLONASS

Division
N(X) E(Y) H No. of satellitesN(X) E(Y) H No. of satellites

C.P1 553779.377 [205468.190  [58.894 24 553779.375 [205468.190 |58.884 12
F.L1 553789.596  [205488.423 61.808 23 553789.592 [205488.416  |61.790 9
F.L2 553787.772  [205501.117  64.359 21 553787.783  [205501.119  |64.309 12
F.L3 = - = - = - = =
F.L4 553805.014 [205507.515  B4.075 24 553805.008 [205507.502 |64.084 11
F.L5 553806.209 [205501.362 63.769 28 - = — =
F.L6 553812.668 [205505.616  63.906 27 553812.641 205505.610 |63.935 12
F.L7 553822.313  [205503.020  63.847 24 553822.313  [205503.001 63.870 12
F.L8 553823.230 [205497.515  63.582 23 553823.216  [205497.520 |63.569 10
F.L9 553830.308 [205502.027  63.698 23 553830.338 [205502.040 |63.655 10
F.L10 553828.416  [205508.891 65.187 24 = - = =
F.L11 553827.957 [205514.240  65.933 25 553827.823 [205514.639 |66.376 12
F.L12 553818.919  [205525.267  67.404 21 553819.104 [205525.514  |67.362 12
F.L13 553827.657  [205517.713 66.579 23 — = = -
F.L14 553825.317 [205529.358 67.326 21 = - - -
F.L15 553822.696  [205535.453 68.543 22 - = — =
F.L16 553816.942 [205546.639  [71.429 23 553816.758  [205546.877  |71.907 13
F.L17 553815.706  [205556.917 73.175 25 - - - -
F.L18 553810.818 [205565.840  [73.889 23 553810.839 [205565.873  |73.797 12
C.P2 553779.893  [205439.719  |57.538 29 553779.888 [205439.719  |57.474 11
Urban 1 553781.181 205432.876  57.107 27 553781.169 [205432.872 |57.093 11
Urban 2 553784.163 [205422.195 |56.558 28 553784.157  [205422.210 |56.524 12
Urban 3 553794.720 [205421.258  [56.325 22 553794.736  [205421.244  |56.280 13
Urban 4 553769.743  [205413.246  |57.071 28 553769.756  [205413.234  |57.066 13
Urban 5 553759.529  [205408.303 [57.029 22 553759.540 [205408.300 [57.021 12
Urban 6 553792.393 [205416.106  6.370 25 553792.328 [205416.167  |56.624 13
Urban 7 553806.767 [205417.323  [56.066 23 553806.753  [205417.321 56.122 11
Urban 8 553820.765 [205422.533 56.132 26 553820.762  [205422.548 56.165 12
Urban 9 553825.930 [205418.238 [56.070 25 553825.941 205418.234  |56.039 13
Urban 10 553846.203 [205422.765 [56.063 28 553846.188 [205422.735 |56.068 10
Urban 11 553836.904 [205418.113  56.235 17 553836.908 [205418.120 [56.120 10
Urban 12 553846.710 [205417.522 56.247 23 553846.771 205417.596  |56.222 10
Urban 13 553850.627 [205413.927 56.168 22 553850.722  [205414.030 [56.091 13
Urban 14 553850.516  [205401.956  [56.054 19 553850.603 [205402.083 56.007 11
Urban 15 553850.121 205385.900 55.549 19 553850.302 [205386.002 |55.698 10
Urban 16 553850.095 [205375.864  55.602 19 553850.322 [205376.014  |55.828 12
Urban 17 553849.536  [205360.799  [55.161 22 553849.496  [205360.778  |55.179 8
Urban 18 553846.280 [205353.313 55.122 25 553846.269 [205353.306 |[55.119 11
Urban 19 553832.104 [205352.222  54.509 28 553832.104 [205352.194  |54.487 10
Urban 20 553820.478 [205352.053 54.133 28 553820.472 [205352.045 |54.069 9
Urban 21 553805.114  [205351.268  [54.030 26 553805.124  [205351.276  |54.025 10
Urban 22 553792.083  [205350.621 53.549 24 553792.098 [205350.629 |53.514 8
Urban 23 553778.637  [205349.811 562.417 26 553778.689  [205349.817  |52.389 12
Urban 24 553758.046  [205350.204 51.732 28 553757.603 [205350.206 |52.960 9
Urban 25 553757.609 [205363.823  [52.939 27 553758.050 [205363.819 |51.664 12
Urban 26 553756.328 [205382.389  [54.691 20 553756.337 [205382.393  |54.808 9
Urban 27 553759.660 [205393.209 B55.755 21 — ~ = ~
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%7+ Network-RTK =3 A5 3l Apols ek
RMSE(Root Mean Square Error, 3t #5522 3 E%o}oﬂ 1=

Mz GR1 FH|E o]&3l =2 An:= ke ¥ 63 72t}
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o
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F 6. GR10ll tist RMSE (=2 : om)
Table 6. RMSE about GR1 (Unit : cm)

GPS + GLONASS +BeiDou [GPS + GLONASS

ovision 190 EY) R N BT H

Total 3.514 |4.678 ©.074 3.810 [5.062 [10.463

Forest Land2.884 [2.513 [5.281 3.688 14.909 [7.832

Urban 3.794 [6.244 10.301 [4.009 [5.771 12.159

Uh5- 0. 2 R8S A& o] &3 S5 A7 v 3 79 A
BeiDouZ o] &8-S o A4 & N, E, Holl thdk RMSE7} 2+
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Table 7. RMSE about R8S (Unit : cm)

GPS + GLONASS +BeiDou [GPS + GLONASS

Division N EY) R N(X) E(Y) H

Total 6.135 [4.763 [14.405 [15.55 [10.687 [19.413

Forest Land2.505 |4.453 [18.019 [2.902 [14.530 [29.529

Urban 8.468 [6.321 8.645 [25.144 [9.481 12.731

PEAERO R GGo4 GHIE o] 89 S A T 1 8%
2t} BeiDous o]-&-31S vl AAH o2 N, E, Holl t8F RMSE
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Al A of| A= Z}2} 4.2436 cm, 0.708 cm, 19.817 cm 35 ¢tk

E 8. GGO4ofl thst RMSE (k| : cm)
Table 8. RMSE about GG04 (Unit : cm)

GPS + GLONASS +BeiDou GPS + GLONASS

Division N T EY) H N(X) E(Y) H

Total 8.203 | 28.393 | 29.32 | 9.480 | 30.844 | 18.438

Forest Land 2.846 | 3.821 7.134 | 9.491 | 18.086 | 20.359

Urban 7.922 | 37.06 | 17.975 | 12.165 | 37.758 | 37.792
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