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Design and Adjustment

** Of

wx 3D 2D and 1D Geodetic Networks
** (c) 1993-2000 Grontmij Geogroep bv
** Licensed to Leica Geosystems AG

** LTC0514
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**
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3D inner constrained network on WGS®"84 ellipsoid

STATIONS

Number of (partly) known stations

Number of unknown stations

OBSERVATIONS

Directions

Distances

Zenith angles

Azimuth angles

Height differences

GPS coordinate differences
Inner Constraints

GPS transformation parameters

UNKNOWNS

Coordinates
Orientations
Scale factors

Total

Total

Vertical refraction coefficients

Azimuth offsets
GPS transformation parameters
Deflections of the vertical

Additional transformation parameters

Total

o O o o

0
30 (10 baselines)
3
0
33

15

O O O O O o o

15
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Degrees of freedom 18
ADJUSTMENT <--
Number of i1terations 1

Max coord correction in last iteration 0.0000 m
TESTING <--

Alfa (multi dimensional) 0.4041
Alfa 0 (one dimensional) 0.0500
Beta 0.80
Critical value W-test 1.96
Critical value T-test (3 dimensional) 1.89
Critical value T-test (2 dimensional) 2.42
Critical value F-test 1.04
F-test 0.113 accepted <--

Results based on a-posteriori variance factor

ELLIPSOID CONSTANTS
Ellipsoid

Semi major axis
Inverse flattening

EXTERNAL RELIABILITY

Station

80645 Latitude
Longitude
Height

80805 Latitude
Longitude
Height

ABSOLUTE CONFIDENCE REGIONS (ERROR ELLIPSES) 2D - 39.4% 1D - 68.3%

WGS*"84
6378137.0000 m
298.257223563

Ext Rel Station
-0.0019 m DZ 80645
0.0025 m DX 80645
-0.0024 m DY 80645
0.0017 m DZ 91109
-0.0020 m DX 91109
0.0022 m DY 91109
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Target

80806
80806
80806
80805
80805
80805
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Station A B A/B Psi Hot(68.3%)
80645 0.0011 0.0009 m 1.2 -89 deg 0.0028 m
80805 0.0010 0.0008 m 1.2 75 deg 0.0026 m

RELATIVE CONFIDENCE REGIONS (ERROR ELLIPSES) 2D - 39.4% <-=
Station Station A B A/B Psi Hot(68.3%)

80645 80805 0.0017 0.0014 m 1.2 -67 deg 0.0044 m

80645 80806 0.0014 0.0013 m 1.2 68 deg 0.0039 m
ADJUSTED OBSERVATIONS <--

Station Target Adj obs Resid Resid(ENH) Sd
DX 80645 80805 1153.1546 -0.0028 -0.0006 0.0026 m
DY -136.4075 0.0057 0.0018 0.0035 m
DZ 1529.8515 0.0049 0.0078 0.0022 m
DX 80645 80806 -331.3352 0.0039 -0.0013 0.0024 m
DY -1181.5025 -0.0040 -0.0002 0.0031 m
DZ 1798.0835 -0.0028 -0.0061 0.0018 m
TEST OF OBSERVATIONS <--

Station Target MDB Red BNR  W-test T-test
DX 80645 80805 0.0118 m 75 1.7 0.43 0.71
DY 0.0142 m 69 1.8 0.20
ESTIMATED ERRORS FOR OBSERVATIONS WITH REJECTED ANTENNA HGT W-TESTS (max 10)
Record Station Target W-test Fact MDB  Est ant err
5 DX 80806 80805 -2.51 1.3 0.0224 -0.0200 m

ESTIMATED ERRORS FOR OBSERVATIONS WITH REJECTED T-TESTS (max 10)
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Record Station Target T-test Fact Est err

5 DX 80806 80805 2.36 1.1 0.0113 m
DY -0.0135 m
DZ -0.0090 m

[End of file]
B: (BPSMrvey?ESNfP%§5§%U$ﬁtﬁﬁﬁgn

ADJUSTMENT ACTIVITY LOG
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Sub-network 1: Fixed y =0 Fixed x =0 Fixed H =0 Fixed h = 0.

73



b PR

74



75



b PR

76



Points

included in sub-network 1:

80645
80805
80806
90654
91109

Initializing parameter group 1: GPS Observations.

20 horizontal observations

10 vertical observations

10 observed azimuths

10 observed distances

Located in sub-network 1.

0 fixed latitudes

0 fixed longitudes

0 fixed ellipsoid heights

0 fixed orthometric heights

Y rotation parameter ruled ineligible

X rotation parameter ruled ineligible
Azimuth rotation parameter ruled ineligible
Network scale parameter ruled ineligible
Omitting parameter 5 by user choice
Omitting parameter 6 by user choice
Omitting parameter 7 by user choice

Number
Number
Number
Number
Number
Number

of fixed horizontal coordinates = 0.

of fixed vertical coordinates = 0.

of observation equations = 30.

of vertical observation equations = 10.
of unknowns = 15.

of Inner constraint equations = 3.

The following observations are excluded from the adjustment:
none

The following points were excluded from the adjustment:

none

OBSERVATION ADJUSTMENT SUMMARY
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OBSERVATION ADJUSTMENT (Tau = 2.84)

OBS# BLK#/ TYPE BACKSIGHT/ ubvC/ OBSERVED/
REF# INSTRUMENT/ UDPG/ ADJUSTED/
FORESIGHT SBNT RESIDUAL
1 1 gpsaz =Fxo xR 230*22709.9595"
1 80645 -**- 230*22709.8797"
90654 1 -0.079800"
2 1 gpsht el +7.2196m
1 80645 -**- +7.2262m
90654 1 +0.006694m
COORDINATE ADJUSTMENT SU <-=
POINT  NAME OLD COORDS ADJUST NEW COORDS
1 80645
LAT= 25* 02" 43.712245" -0.000045" 25* 02" 43.712200"
LON= 121* 28" 08.573158" -0.000127" 121* 28" 08.573031"
ELL HT= 32.7881m  -0.0095m 32.7786m
ORTHO HT= 0.0000m  +0.0000m 0.0000m
2 80805
LAT= 25* 03" 38.637330" +0.000022" 25* 03" 38.637352"
LON= 121* 27" 36.021990" +0.000046" 121* 27" 36.022036"
ELL HT= 29.9359m  +0.0050m 29.9409m
ORTHO HT= 0.0000m  +0.0000m 0.0000m

SUMMARY OF COVARIANCES

Definition of precision (E x S)* = C* + P*:

Horizontal :
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1.00*/ TAU

1.00*/

1.00*

0.2767" 0.13

0.1712"

0.2173"

0.0072m 0.42

0.0046m

0.0056m

1.00*

0.000975m
0.001394m
0.003103m
NOT KNOWN
0.000883m
0.001019m
0.002386m
NOT KNOWN



Precision (P) expressed as: ratio
Propagated linear error (E): U.S.

(standard error of adjusted horizontal distance)
Scalar (S) on propagated linear error: 1.0000
Constant error term (C): 0.0000

3-Dimensional:
Precision (P) expressed as: ratio
Propagated linear error (E): U.S.

(standard error of adjusted slope distance)
Scalar (S) on propagated linear error: 1.0000
Constant error term (C): 0.0000
Using orthometric height errors

FROM/
TO
80645
80805
80645
80806

GPS Solution
GPS Solution
GPS Solution

AZIMUTH/ 1.00* DISTANCE/

DELTA H 1.00* DELTA h

331*38"22" 0.20" 1920.626m
-2.8377m 0.0042m —F*
24*24"11" 0.19" 2176.876m
+5.3184m 0.0050m —F*_

ADJUSTMENT STATISTICS SUMMARY

ADJUSTMENT SUMMARY <--

Network Reference Factor = 2.97
Chi-Square Test (* = 95%) = FAIL

Degrees of Freedom = 18.00
GPS OBSERVATIONS
Reference Factor = 2.97
r = 18.00
1 Reference Factor = 2.57 r= 1.69
2 Reference Factor = 1.64 r = 2.49
3 Reference Factor = 1.89 r = 1.34
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1.00* HOR PREC/
1.00* 3-D PREC

0.0015m 1: 1309242
-**- 1: 1309242

0.0018m 1: 1223044
=**- 11 1223044
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GPS Solution 4 Reference Factor = 3.717 r = 2.04
GPS Solution 5 Reference Factor = 3.82 r = 1.47
GPS Solution 6 Reference Factor = 2.17 r = 1.21
GPS Solution 7 Reference Factor = 4.96 r = 2.29
GPS Solution 8 Reference Factor = 1.3 r= 2.04
GPS Solution 9 Reference Factor = 3.20 r = 1.77
GPS Solution 10 Reference Factor = 1.25 r = 1.66

WEIGHTING STRATEGIES:

GPS OBSERVATIONS:
No scalar weighting strategy was used

No summation weighting strategy was used
Station Error Strategy:

H.1. error = 0.0000
Tribrach error = 0.0000

C : Turbonet *E?“j‘%i’?‘}%ﬁf'}ﬁajﬁl
Adjustment Summary

A-posteriori standard deviation of unit weight

SQRT[VtPV/df] = 2.946
Number of measurements used = 30
Number measurements rejected = 0
Total number of measurements = 30
Degrees of freedom(df) = 18
Number of singularities = 3
Chi-Square test prob (alpha) = .050 <--
Weighted sum of squares = 156.2
Lower limit Chi-Square test = 8.2
Upper limit Chi-Square test = 31.5
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CARTESIAN

GEODETIC

ERROR ELLIPSES
LONGITUDES EAST
Projection zone
Projection vectors
RATIO

EDIT

RESIDUAL HISTOGRAM
Flatinv

semi major axis
TYPE 1 ERROR

MAX ITERS

DISTANCE TOL

$Defined Projection
Central Latitude
Central Longitude
False Easting
scale

$End Defined Projection

TWD

2.5

3.0

GEODETIC 123
298.257222101
6378137.00000
0.05

10 <--
10000.0

1GRS80
1GRS80

TWD T™
NO 00
E121 00
250000d0

0.9999d0

Adjusted Cartesian Coordinates <--

station num/name

X-coordinate(stdv)

(m)

1 8064
~3018377.618(
2 8085
~3017224.472(
3 8086
~3018708.962(
4 9065
~3017314.355(

(m)

.003)

.000)

.002)

.003)

Iteration Number 2

y-coordinate(stdv)

(m) (m)

4931522.545( .003)

4931386.148( .000)

4930341.054( .003)

4932835.068( .003)

81

2683652.977(

2685182.846(

2685451 .077(

2682461.365(

z-coordinate(stdv)

(m)

.002)

.000)

.002)

.002)
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5 9110

-3014036.463( .003)

station num/name

latitude(stdv)
(d:m:s) (m)
1 8064

N 25 2 43.71229(
2 8085

N 25 3 38.63745(
3 8086

N 25 3 48.13659(
4 9065

N25 2 .85975(
5 9110

N 25 3 20.52005(

station num/name

.001)

.000)

.001)

.002)

.002)

Northing (stdv)

(m) (m)

1 8064

2770896556
2 8085

2772583.363(
3 8086

2772881.915(
4 9065

2769572.647(
5 9110

.001)

.000)

.001)

.002)

4933728.686( .003)

2684724 .392(

Adjusted Geodetic Coordinates
Iteration Number 2

longitude(stdv)
(d:m:zs) (m)
E 121 28 8.57312( .002)
E 121 27 36.02213( -000)
E 121 28 40.66283( .002)
E 121 27 11.78301( .002)
E 121 25 15.38660( .002)

Height (stdv)

(m) (m)
32.715(  .004)
29.877(  .000)
38.035(  .004)
39.942(  .004)

139.814(  .004)

Adjusted Projection Coordinates
Iteration Number 2

Easting (stdv)
m (m

297328.612(

296410.490(

298221.057(

295741.248(

.002)

.000)

.002)

.002)

82

.002)

Scale

Height(stdv) Convergence
m (m ddd:mm:ss.s
.999927653

32.715( .004) 0:11:54.8
-999926591
29.877( .000) 0:11:41.4
.999928706

38.035( .004) 0:12:8.92
-999925830

39.942( .004) 0:11:30.5
.999922268



2772013.093( .002) 292470.826( .002) 139.814( .004) 0:10:41.7

Error Ellipses in Local Horizon <--
Iteration Number 2

Station Semi-Major Semi-Minor Major Axis Height Station

Num Axis Axis Azimuth Stdv Name
(m) (m) (deg) (m)

1 .002 .001 83.15 .004 8064

2 .000 .000 .00 -000 8085

3 .002 .001 67.42 .004 8086

4 .002 .001 70.87 .004 9065

5 .002 .002 71.67 .004 9110

Vector No./GPS Solution File/From Station->To Station

1 E-\YU\3191\00000180.SSF 8086(3) --> 8085(2)
2 E-\YU\3191\00000168.SSF 8064(1) --> 8085(2)
3 E-\YU\3191\00000160.SSF 8064(1) --> 9065(4)
4 E-\YU\3191\00000164.SSF 8064(1) --> 8086(3)
5 E-\YU\3191\00000188.SSF 9065(4) --> 8085(2)
6 E-\YU\3191\00000196.SSF 8085(2) --> 9110(5)
7 E-\YU\3191\00000192.SSF 9065(4) --> 9110(5)
8 E-\YU\3191\00000176.SSF 8086(3) --> 9065(4)
9 E-\YU\3191\00000172.SSF 8064(1) --> 9110(5)
10 E-\YU\3191\00000184.SSF 8086(3) --> 9110(5)
Measurements(Cartesian Vectors) <--
Iteration Number 2
Vector No. dx  (vdx,v dx) dy  (vdy,v dy) dz  (vdz,v"dz)

m m m
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© 00 N O Ol A W DN -

=
o

S R

1484.
1153.
1063.
-331.

89.
3188.
3277.
1394.
4341.
4672.

E-manually edited

491(  .001,
147( .001,
268(  .005,
344( .000,
881( -.002,
010( .001,
890( -.001,
602( -.005,
144( -.011,
506( .008,

v-residual

.8)
.3)
1.3)
1)
.5)
.5)
.4)
1.9)
1.9)
1.4)

1045.091( -.003, 1.1
-136.396( .001, .3
1312.519( -.004, 1.0
~1181.499( -.009, .6
-1448.917( .003, .6
2342.538( .000, .1

893.614( -.004, 1.0
2494.015( .001, .4
2206.146( .004, .8
3387.637( .005, .7

)
)
)
)
)
)
)
)
)
)

-268.233( -.002,
1529.870( .001,
~1191.615( -.003,
1798.095( -.005,
2721.481( .000,
~458.455( -.001,
2263.027( .000,
-2989.709( .003,
1071.421( .006,
~726.689( -.004,

v -normalized residual
N-nocheck obs
Residual (dx,dy,dz) sigma editor used (Tau) - Critical value =

*-automatically edited

<——

Measurements(Projection Vectors, Heights)

Vector No. Northing (vn,v™n)

© 00 N O Ol A W DN -

=
o

-298.
1686.
-1323.
1985.
3010.
-570.
2440.
-3309.
1116.
-868.

E-manually edited

m
552( -.001,
808( .001,
909( .000,
358( -.001,
715( -.001,
271( -.001,
448( .001,
267( .001,
539( .001,
826( -.004,
v-residual

.5)
.7
.2)
.5)
.5)
.3)
.7
.6)
.6)

1.2)

Iteration Number 2

Easting (ve,v'e

(m) (m)

~1810.567( .000,
-918.123( -.001,
~1587.365( -.002,

892.450( .005,

669.241( .000,
~3939.665( -.001,
-3270.419( .003, 1.
-2479.806( .003, 2.
-4857.779( .007, 1.
~5750.241( -.009, 2.

)

1

.2)
.5)
4)
.7)
.1)
4)
.1)

1.3)
1.6)

.8)

3.0

dh  (vdh,vdh)

(m)

.162( -.
.838(
.220( -.
.311( -.
.062(
109.
99.
.912(
107.
101.

936( -.
869( -.

110(
778( -.

v'-normalized residual
N-nocheck obs

*-automatically edited
dh-Height differences
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(m)

004,

.000,

007,
009,

.003,

001,
003,

.004,
.011,

001,

.2)
1)
.3)
.5)
.6)
.3)
.5)
1.1)
1.5)
.2)
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