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ABSTRACT

In determining the horizontal positions, economic, speedy, and accurate analytical adjustment methods
have studied and developed for a long time. From now on, the adjustment methods using both angles and
distances are expected because the development of more precise instruments, E.D.M, and electronic total
station provide us with more advantages than the the conventional measurement svstem. The objective of
this paper is to study the characteristics of triangulation, trilateration, and combination method due to
change of the weight factor of angles, distances, azimuthes, and control point coordinates of combined
geodetic network. The results of this study show that combined method is more accurate and effective than
other methods in case of combined geodetic network as the other simple networks. '
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Table 1. Measured distances by E.D.M
(m)

Station | Distance| Station |Distance| Station | Distance

1121104.335]| 2 |9 [347.130 8 | 12| 238.138
262.248 | 2 | 8 [413.085| 8 | 16 | 184.167
326.778 ) 2 110 [ 414.124 ) 10 | 16 | 245.242
166.305 | 3 | 10 | 285.611 | 10 | 12 | 355.000
161.430 | 3 | 9 [299.549 | 11| 13 | 192.078
312.521| 4 | 9 [389.674 | 11| 14 | 257.973
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10223.923(10237.997| 16 }10403.762)10514.655
10098.907}10133.712| 13 |10701.182|10463.548
10004.054|10161.385| 14 10581.128|10578.605
10000.000|10000.000} 12 |[10532.713|10471.364
10088.812(10299.636| 15 [10792.014(10602.263
10183.681]10406.452| 18 |10272.388{10573.791
10330.414[10345.727} 17 |10393.053{10682.984

0 5 N wow

8 (58~ 6-14.7{13|14{12/70-30-53.4
9160~ 3-27.9(12/14(16{45-22-53.9

215 (266.353| 4 | 8 [374.824 12| 14 | 117.663
2| 7 1-300.038 | 4 | 10| 303.838 | 12| 13 | 168.646
2| 41189.989| 5 | 9 | 174.183 | 12 | 11 | 155.840
216 (164.069| 5 | 8 [151.466] 13| 15| 165.812
2 13(133.812| 5 110|173.194| 14 | 13 | 166.284
3| 4] 98.804| 6 |10(343.450| 14|15 212.214
3| 71]166.231] 6 | 9 |186.565 | 16 | 12 | 136.026
3]51162.787| 6 | 8 |286.448 | 16 | 14 | 188.543
316 |166.4761 7 | 8 | 142.862 | 16 | 13 | 301.786
41 71162.149| 7 |10]142.862| 7 |18 | 329.925
4)5(232.834] 7|9 (321.519| 8 | 17 343.025
14| 6]264.930| 8|9 |164.140| 8 | 181 235.325
5|6 |170.420| 3 |11]509.381 10| 8 | 189.393
517 |148.501| 6 | 11| 406.517 | 12 | 18 | 279.736
6| 7 |282.126| 7 |11 |484.338 |14 (17| 215.098
1|10]446.029| 7 | 16| 381.348 | 16 | 17 | 168.669
1|8 1478.226| 8 |11 ]243.571| 16 | 18 | 144.070
1|9 {437.598| 8 |13 }389.041| 17| 18| 162.735
Table 2. Measured angles by precise theodlite.
="}
Station| Angle |[Station| Angle |Station| Angle
314(11(75-10-29.2[9 56 {65-32-35.613|15{16|50-22-53.9
4 2135- 3- 1.6]16]9{5|56-15-38.6(12{13]14]41~ 7-34.1
3|1{2153-30-30.3{5|9|8|53- 5-39.2|14{13[15{79-26- 5.1
213|1138-48-58.7|918|5(66-50-52.7]9 [11{8 [41- 2-58.4
113|4(69-46-29.4{5|8|1 [67-48-48.1{8 |11112|69-14-48.7
0
4|3|7{70-15-14.2{ 8 |10| 5 {54- 4-56.1|12|11{13}{56-51- 3.7
713|5153-38-51.8(5110| 7 |55- 2-44.4[10| 8 {18{53-14-35.1
51316 (62-19-42.6(8 |9 [11|77- 0-48.1|18| 8 |16{37-44-42.5
61312(65-10-50.8{16| 8 |12(34-41-14.9|18{10 8 {84-33-13.5
51713161-59-42.8]12( 8 {11{37-43-32.0(17(18|16/66-22-41.0
317|4134-59-34.8[11|8 [ 9 {61-56-13.2|16|18| 8 |51-29-31.3
315|7(64-21-25.0(12{16} 8 |94-54-44.5| 8 {18]1042-12-10.8
61513159-53-47.8114(16/12[38-23- 5.0|14{17(16{57-19-48.0
21613147-45-11.1{11/12| 8 {73- 1-41.1]|16/17|1851-29-50.9
3165 |57-46-29.8(16]12(14{95-44-26.3 8 [16{18[90-45-49.8
1123 [87-40-34.6{14(12{13|68-21-32.4|18/16/17)62- 7-31.8
3121767~ 3-58.1{13|12[11{72-28-24.3|17{16(14}73-48-47.7
10| 7| 5 [72-54-50.9( 8 {12|16{50~23-59.8} 8 | 2 {18/53-19-10.8
715110(52- 2-29.9[15[14{13(50-11- 0.0(16{14|17|48-51-23.9
10|5
815

Weight Factor: Dist.=4mm+4ppm, Ang.=3.0sec,
Azimuth=0.2 sec, Control point coord.=0.001m, 0.
001m
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Table 4. Example of printout in case of combina-
tion method.

Table 3. Preadjusted coordinates incase of combi-
nation method.
Coordinate (m) Coordinate (m)
No. No.
X Y X Y
2 110104.335/10000.000{ 9 |10392.384(10193.719
6 |[10252.729110070.014| 11 {10572.702{10320.760

(m, ~=")
RESUSTS OF ADJUSTEMENT
NO Adjusted Standard Errors | Error Ellipse Info.
' X Y X | Y | su|sv T

2 [10104.335|10000.000(0.001{0.001{0.001{0.001| 90.0
6 |10252.727/10070.010{0.002]0.0040.004|0.002| -16.9
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1
18

16
13
14
12
15
17

10223.925
10098.909
10004.095
10000.000
10088.817
10183.685
10330.416
10392.384

10572.702
10272.392

10403.763
10701.183
10581.129
10532.713
10792.017
10393.053

10237.991
10133.709
10161.384
10000.000
10299.631
10406.445
10345.719
10193.712

10320.751
10573.780

10514.646
10463.539
10578.596
10471.356
10602.255
10682.974

0.005
0.003
0.003
0.001
0.006
0.008
0.007
0.004

0.007
0.012

0.011
0.010
0.012
0.010
0.013
0.014

0.004
0.001
0.002
0.001
0.002
0.003
0.006
0.007

0.011
0.005

0.007
0.014
0.011
0.010
0.017
0.007

0.006
0.003
0.003
0.001
0.006
0.008
0.009
0.008

0.013
0.013

0.013
0.017
0.016
0.014
0.021
0.016

0.001
0.001
0.002
0.001
0.002
0.002
0.002
0.002

0.003
0.002

0.002
0.003
0.003
0.002
0.004
0.003

-54.2
-72.5

71.8
-90.0
-85.1
-73.4
-50.8
-27.4

-29.2
-70.3

-55.6
-33.3
-46.8
-43.2
-37.3
-64.4

(Standard Error of Unit weight is 1.097 with
105 Degrees of Freedom)
Weight Factor; Dist. =4mm+4ppm, Ang.=3.0sec,
Azimuth=0.2sec, Control point coord.=0.001m, 0.001
m
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Table 5. Simulated average standard error vs.
change of dist. st.e(constant) on each
methods.

(mm)

Adjustment

AveSTE.

Triangulation

Trilateration

Combination

Ax

Weight Factor

Ay

Lx

Ly

Cx

Cy

S5mm
4mm
3mm

11.30
11.30
11.30

12.20
12.20
12.20

16.68
14.34
12.08

14.84
12.80
10.67

7.39
7.17
7.03

6.62
6.46

6.20

2mm
1mm

11.30(12.05]| 9.89 8.66! 6.79| 5.86
11.30(12.05] 7.79| 6.78| 6.41{ 5.51
(Weight Factor: Dist.st.e=5ppm, Ang.st.e=3.0sec,

Azimuth ste=0.1sec, Control point st.e=0.001m, 0.
001m)

AVERAGE STANDARD ERROR (mm)

DISTANCE ST.E (mm)

Fig. 2 Line variation of simulated average stand-
ard error vs. change of dist. st.e (constant)
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Table 6. Simulated average standard error vs.
change of dist. st.e(ppm) on each
methods.

(mm)

djustment
AveST.E.
Weight Factor

Triangulation

Trilateration

Combination

Ax

Ay

Lx

Ly

Cx

Cy

5mm
4mm

11.30
11.30

12.20
12.20

16.68
16.08

14.84
14.26

7.39
7.16

6.62
6.48




3mm 11.30(12.20(15.38|13.62} 7.18| 6.53
2mm 11.30712.20114.64(13.09( 7.19| 6.36
1lmm 11.30(12.20|14.00]12.52| 7.11| 6.44

(Weight Factor: Dist.st.e=5ppm, Ang.st.e=3.0sec,
Azimuth st.e=0.1sec, Control point st.e=0.001m, 0.
001m)

AVERAGE STANDARD ERROR (mm)
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DISTANCE ST.E (ppm)

Fig. 3 Line variation of simulated average stnad-
ard error vs. change of dist. st. e(ppm)

3) Mo WEE #4L

Table 79 Fig. 4= f<] 1EH#EEE W3l
Rt AR M2 THILs FRBENE
vehd Ao,

Table 7. Simulated average standard error vs.
change of angle standard error on each methods.

(mm)
Adjustment Triangulation |Trilateration|Combination
AveSTE.
Weight Factor Ax A Lx Ly Cx Cy

5mm 17.07)18.32|16.68 | 14.84| 9.20 | 8.18
4mm 14.03|14.82116.68|14.84| 8.17 | 7.38
3mm 11.30]12.20(16.68}14.84| 7.39( 6.62
2mm 9.32| 9.63(16.68(14.84| 6.19( 5.60

1mm 7.52| 7.78|16.68|14.84| 5.72| 4.85

(Weight Factor: Dist.st.e=5ppm, Ang.st.e=3.0sec,
Azimuth st.e=0.1sec, Control point st.e=0.001m, 0.
001m)

Ax, Ayt 55.9%, 57.5%, Cx, Cvi 37.8%,
40.7%2] #E RPEFELE Bolu Ly, Lye A

10

AVERAGE STANDARD ERROR (mm)

ANGLE STANDARD ERROR (sec)

Fig. 4 Line variation of simulated average stand-
ard error vs. change of anle st.e(sec).
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Table 8. Simulated average standard error vs.
change of angle standard error on each

method.
(mm)
Adjustment Triangulation (Trilateration|Combination
AveSTE.
Weight Fac, Ax Ay Lx Ly Cx Cy

5mm 17.07)18.32|16.68|14.84| 9.20 | 8.18
4mm 14.03{14.82|13.72(12.25| 7.83 | 7.01
3mm 11.39{12.20{10.87| 9.63| 6.84| 6.01
2mm 8.43} 9.23} 8.32| 7.25| 6.08| 5.14
Imm 6.72| 6.57| 5.75| 5.24| 5.43| 4.53

(Weight Factor: Azimuth st.e=0.1sec, Control
point st.e=0.001m, 0.001m)

FHEEY o] EHER 251 Smm+5ppm, 5secel]
Al 1lmm+1p.p.am, 1sec® A o} Axe
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AVERAGE STANDARD ERROR (mm)

DIST. ANG. STANDARD ERROR (mm,ppm,sec)

Fig. 5 Line variation of simulated average st.e vs.
change of dist. & angle st.e.
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Table 9. Simulated average standard error vs.
change of angle standard error on each

methods.

(mm)
:jussh,;?t Triangulation [Trilateration|Combination
veST.E.
Weight Fac\| Ar | Ar | Lx [ Ly | Cx | Cy
0.1sec.2mm | 16.27(16.57|16.63| 14.48|11.52| 9.81

0.2sec.lmm | 11.30(12.20{13.72{12.25| 7.24| 6.32

0.2sec.2mm | 16.2716.57 | 16.63 | 14.48 [ 11.52| 9.81
0.1sec.lmm |11.30(12.20{13.72{12.25] 7.24| 6.32

(Weight Factor: Dist.st.e=4mm+4ppm, Angle st.

e=3.0sec)
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AVERAGE STANDARD ERROR (mm)

TYPES

6 Line variation of simulated average st.e vs.
change of azimuth & coordinate st.e.
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Fig. 7 Line variation of X-coordinates simulated
average standard error vs. change of Weight Factor.
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Fig. 8 Line variation of Y-coordinates simulated
average st.e vs. change of Weight Factor.
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Table 10. Adjusted coordinates in case of combina-
tion method.

Coordinate (m) N Coordinate (m)
0.

X Y X Y
10104.335(10000.000| 9 |10392.384|10193.712
10252.727(10070.010| 11 [10572.702|10320.751
10223.925]10237.991| 18 |10727.392110573.780
10098.909|10133.709( 16 |10403.763|10514.646
10004.059|10161.384( 13 |10701.183{10463.539
10004.059|10161.384| 14 |10581.129|10578.596
10088.817|10299.631| 12 |10532.713|10471.356
10183.685|10406.445( 15 |10792.017|10602.255
10330.416|10345.719| 17 }10393.053|10682.974

Weight Factor: Dist.=4mm+4ppm, Ang.=3.0sec,
Azimuth=0.2sec, Control point coord.=0.001m, 0.001m
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Table 11. Adjusted bearing & distances in case of combinetion method.

7 m)
Station Bearing Distance | Station Bearing Distance | Station Bearing Distance

2 1590-0-0.0E 104.335 | 2 9 |N56-4-45.4E 347.126 | 8 14 |N47-6-43.7E 342.183
1 6 |N74-30-58.9E | 262.245 | 2 8 |[N33-10-56.9E | 413.079 { 8 16 {N23-28-12.9E | 184.164
1 5 |N43-15-21.1E | 326.775 | 2 10 [N11- 2-48.9E | 414.118 | 10 | 16 {N63-49- 8.4E | 245.238
1 3 {N36-29-29.9E ] 166.316 | 3 10 |[N17-16- 1.8E | 285.608 | 10 | 12 |N79-27-52.7E | 355.013
1 4 |N 1-26-26.3E | 161.435 | 3 9 |N78-26-40.8E | 299.547 | 11 | 13 |N41-58-51.5E | 192.082
1 7 [N16-30-39.6E | 312.518 | 4 9 |N85-14-27.7E | 389.669 | 11 | 14 |N 1-52-18.5E | 257.983
2 5 |N26-40-46.0E | 266.348 | 4 8 |N60-32-28.1E | 374.818 | 12 | 14 |N24-17-51.4E | 117.663
2 7 IN 2-57-52.9W | 300.033 | 4 10 [N36-14-27.4E | 303.843 | 12 | 13 [S87-20-35.8E 168.651
2 4 N31-51-17.9W | 190.000 | 5 9 [S75-16-23.8E | 174.181 | 12 | 11 |A14-52-12.6E | 155.823
2 6 |N64-44-33.2E | 164.078 | 5 8 |N44-40- 9.0E | 151.478 | 13 | 15 |N33-13- 2.9E | 165.810
2 3 IN 2-19-25.9W | 133.819 | 5 10 [N13-26- 5.4W | 173.194 | 14 | 13 {A46-13- 3.0E | 166.286
3 4 IN73-44- 3.1W | 98.805 | 6 10 [N11-35049.3W | 343.446 | 14 | 15 jN83-35-56.0E | 212.211
3 7 |N 3-28-50.0W | 166.229 | 6 9 |B48-28- 0.4E | 186.565 | 16 | 12 |S71-26-33.0E 136.022
3 5 |N50-10- 0.8E | 162.800 | 6 8 |N15-44-11.9E | 286.445 | 16 { 14 [N70-10-22.5E | 188.542
3 6 |S67-30-16.7E 166.486 | 7 10 |N41-36-37.2E | 142.861 | 16 | 13 |S80-14-59.2E | 301.778
4 7 |N31-30-43.9E | 162.162 | 7 9 |S70-45055.3E | 321.515 ] 7 18 |N33-48-25.2E | 329.935
4 5 |[N70-47-25.3E | 232.830 | 8 9 (S22-10-45.2E 164.152 | 8 17 |N10-31-17.2E | 343.023
4 6 [S69-49-26.6E | 264.925 | 3 11 [N68-27-25.4E | 509.377 | 8 18 |B14-16-27.9W | 235.327
5 6 |S 9-43-45.9E | 170-432 | 6 11 |N51-55- 0.2E | 406.516 | 10 | 18 |N27-55-43.6E | 189.393
5 7 [N65-28-33.6W | 148.505 | 7 11 |N87-30- 2.9E | 484.346 ( 12 | 18 (N68-31-22.1W | 279.746
6 7 [N35-31-13.1W | 282.121 | 7 16 |N55-40-42.6E | 381.343 | 14 | 17 |N60-58-14.7W | 215.098
1 10 |N 24-19-11.1E | 446.025 | 8 11 [S84- 6 59.5E | 243.569 | 16 | 17 N 3-38-26.5W | 168.668
1 8 [N43-42-12.5E | 478.222 | 8 13 [N72-22-15.8E | 389.037 | 16 | 18 |N65-45-58,5W | 144.067
1 9 |N63-43-31.3E | 437.596 | 8 12 [N58- 9-26.9E [ 238.137 | 17 | 18 [S47-51-21.3W | 162.734

Weight Factor : Dist.=4mm+4ppm, Ang.=3.0sec, Azimuth=0.2sec, Control point coord.=0.001m, 0.001m)
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