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Abstract

Geodetic network optimization (or geodetic network
design) is a notion first introduced by Erik Grafarend (b.
1939). The scope of the optimization is to improve the
geodetic network configuration and the measurements
plan, in order to achieve the desired accuracy for the final
results, in a cost-effective way. In this paper are presented
some of the qualitative indicators used for the
optimization of the tridimensional geodetic networks,
together with a case study which reveals the applicability
of these quantities to the presented situation.
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1. Introduction and theoretical aspects

The reliability of a geodetic network is represented by a
set of qualitative indicators which represents measures of
network robustness (network behavior in the presence of
observations affected by gross errors). The deduction of
these quantities is based on the assumption that some
measurement are blunders (affected by gross errors).

Redundancy numbers

The redundancy number it is a quantity proper to each
measurement and its value is between 0 and 1. This
indicator represents the contribution of the respective
measurement to the total redundancy of the geodetic
network.
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where:
I, —the redundancy number of the measurement i;
0y, - the i-th element on the main diagonal of the

cofactor matrix of the residuals, Q
Pp; — weight of the measurement i.

A

In matrix form Eq. (1) can be written as follows:

R=Q,, P )
and the vector which contains the redundancy numbers is:
r =diag(R) (3)

In the case of correlated measurements weight matrix, P,
will be a non-diagonal one, so Eq. (2) and (3) must be
used to compute the redundancy numbers for the
measurements in the geodetic network. This remark is
particularly important in the case of GNSS measurements
which are, par excellence, correlated observations.

The sum of the redundancy numbers for all measurements
is equal with the total redundancy (the degrees of
freedom) of the geodetic network:

dr=f (4)

The mean of the redundancy numbers in the network is:

r

Tn_f o
n n

From the above Eq. it’s obvious that the individual values

of the redundancy numbers will be higher if the overall

redundancy of the geodetic network will be higher.

F:

Minimum detectable error (internal reliability)
The minimum detectable error is the minimum value of a
blunder which can be revealed by the used statistical test
[1]. This quantity is proper to each measurement in the
geodetic network. The study of the minimum detectable
error is a way of controlling type Il errors, therefore its
value will depend on the power of the statistical test.
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V-:ia, i=1n (6)

ol 1
g
0, is called non-centrality parameter and it is determined

by the risk factor & (the admitted probability of making
a type | error) and by the self-imposed probability of

making a type 11 error, f3,, (related to the power of the
test in a complementary fashion [2]).
0 =6 (0‘! :Bo) )
In literature is recommended a typical value for o, [3],
given by (8):
5, =4 8)
For a gross error to be revealed by the statistical test, then
it must be higher than minimum detectable error:
|IVi2V, 9)
where:

Vi —minimum detectable error for the measurement i;

V. —gross error that affects measurement i.

Corresponding to the measurements vector, another vector
which contains the values of the minimum detectable
errors for each observation, can be drawn:
T
V=(Vyy Ve o Vo) (10)

Observation: Minimum detectable error only depends on
network configuration and stochastic model.

Absorption

The residuals vector of the measurements can be obtained

from the discrepancies vector, weight matrix and the

cofactor matrix of the residuals, with the Eq. below:
v=Q,PI (11)

Assume further that the measurement i is affected by the

V. error. Then the residuals vector affected by this

blunder from the measurement i, will be:
v=Q,P(l-eV,) (12)

where:

€, — vector of nxl size which contains 1 on the i-th

position and O elsewhere:

=0 .. 010 .. 0) @

The effect of a gross error affecting an observation, on the
residual of the respective measurement will be [4]:

VvV, =-IV, (14)
An estimation for the blunder V; can be obtained

applying a calculation in Eq. (14), knowing that the effect
of a gross error (VV,;) in the residual of the measurement

i is much higher than the effect of the random errors (Vi*).

V:—VV' z_v,+VvI v (15)
f f f

The above Eqg. shows that the least square method is not a
robust estimator, because the redundancy number is
strictly less than 1, only a part of the measurement error
will be transferred to that measurement residual. The rest
of the error will be distributed in the geodetic network.
Absorption is a measure of the quantity in which an error
affecting a measurement is absorbed by the parameters of

the model [3]:
A =Q1-r)V, (16)

or else
1-r
A=—"="y, 7)
I
As it can be observed, absorption is directly related to the

redundancy number of the measurement. The quantity
(1—r) is called absorption number [3]. This value is also

within the (0,1) range and shows degree in which the

gross error affecting a measurement will be distributed
throughout the network.

Attention must be paid to the measurements with large
absorption numbers. It is likely for a blunder that affect a
measurement with low control (high absorption) to be
distributed on other network measurements. These
measurements (which have a low control), even if are
affected by gross errors, can have low residuals, so they
must be carefully analyzed before they are accepted as
correct measurements.

Observation: The absorption value can be computed only
by knowing the residuals, therefore only after the
realization of the measurements and the adjustment of the
network. On the other hand, the absorption number is the
complement of the redundancy humber and can be

computed a priori.

External reliability
The study of external reliability deals with the
determination of a set of quantities which emphasize the
influence of the blunders on the model parameters.
The effect of a gross error that occurred in the
measurement i, on the unknowns is:

Vx=N"A"PeV, (18)
The worst case intervenes if the measurement i is affected
just by the minimum detectable error [5]:

VX, =N"A"Pe,V,, (19)
Each observation generates a vector of size hxl

expressing the external reliability, corresponding to the
respective measurement, for each parameter:

Vo = (VX VG ) @)
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If a diagonal matrix which contains minimum detectable
errors for all measurements is considered, then:

Va 0

Vx, =NATP. Ve (1)

0 Von

The matrix from Eq. (21) is of hxn size and contains on
line i the external reliability corresponding to parameter i
for all measurements in the network and, on column j, the
external reliability generated by the observation j.

To synthesize the value of the external reliability, for each
measurement supposed to be affected by a gross error
equal with the minimum detectable error, a global
indicator for the external reliability will be defined:

-
2= VX -NZ-VXOi 22)
Oy
if we perform calculations in Eq. (22), then:
=l @3)

Eg. (23) is valid only in the case of uncorrelated
measurements. If in the network the measurements are
correlated (which is the case for the geodetic networks
realized by GNSS technology), then, for computing the

global indicator /102i , EQ. (22) must be used.

. - 2
For every measurement such global indicator, A,;, can be

computed. If the values are of the same order of
magnitude the network is considered homogeneous.
Observation: Both global indicators and local indicators
for the external reliability are independent of the
measured values, so they can be determined before
realizing the measurements and processing the network.

2. Case study

In this section a case study regarding the analysis and the
optimization of a combined geodetic network is
presented. The adjustment of the measurements is carried
out using local ellipsoidal coordinate system. To realize
the adjustment and to compute the qualitative indicators, a
MATLAB language application was developed.

Initial data
The initial data (measurements and provisional
coordinates) for this case study are taken from [6]. Some
modifications were introduced in this data in order to
make them suitable for the desired purpose (conversions
between sexagesimal degrees and centesimal degrees, the
introduction of different standard deviations for the
measurements et al). The characteristics of the
tridimensional geodetic network are shown in Table 1.
Block processing of the terrestrial and spatial
measurements from this network was presented as a case

Table 1 Tridimensional geodetic network characteristics

Reference system WGS84
Coordinate system Local ellipsoidal
Ellipsoid GRS80
Network dimension 3D

Network type Inner constrained
No. of points 5

No. of fixed points 0

No. of free points 5

Position unknowns 15

No. of stations 3

No. of measurements 31 (32)

No. of horizontal directions | 9 (10)

No. of distances 5

No. of vertical directions 5

No. of height differences 3

No. of GNSS baselines 3x3=9
Redundancy 16 (17)

Rank Defect 3

The initial data regarding the characteristics of the
distances measurement instrument, the reference ellipsoid
and the a priori standard deviation of the unit weight, are
taken by the developed algorithm, from the file shown
below.

| datinixt - Notepad = B X
File Edit Format View Help

a b 5ig0  Sist_ref Elipsoid
20 5 1 elipsoid GRS80

Fig. 1 Initial data file

The file which contains the provisional coordinates
(expressed in geodetic coordinate system) used for
computing coefficients for the observations equations, is
shown in Fig. 2.

) RCTt-Notepad A (o|E il

File Edt Format View Help

PCT Bord  Bmin  Bsec Lgrd
A 4 18 26,048628 -76

mn - Lsec H | N
10.249056 372,150 .73
5. 501196 351,3930 31713
0. 944784 362, 8560 31,726
31385844 370.8670 i
29.037456 324.0860 -1

B 4 18 40466448 -76
C 4 18 22,039956 -76
27.658872 -76
43,962084 -76

o=
=
=
—_
==
coocoo =

Gal
.
=
—
==
coocoo

Fig. 2 Provisional coordinates of points in the 3D geodetic network

Measurements realized in the geodetic network

The horizontal directions measurements performed in the
studied geodetic network, are shown

Fig. 3. On the last column are shown the standard
deviations for each measurement. This quantities are used
for weights computation.

study [7].
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' 1
| DIR_or.txt - Notepad l =B ld
File Edit Format View Help
dela 1la mas s
A D 22.3345 2.8
A B 131.4163 3.5
A c 248.9672 4.1
A D 22.3326 2.4
B A 236.2298 2.4
B C 209. 0005 2.3
B C 209.0017 2.4
€ D 314.6589 2.9
C B 387.6351 3.5

Fig. 3 Horizontal directions measurements and their standard
deviations

In Fig. 4 horizontal directions measurements and their
standard deviations are presented.

( P |
_ | DIR_vert.txt - Notepad o B8 X
File: Edit Format View Help

dela Ta mas s 4
A C 102. 3892 25

C D 99. 3037 0.8

D A 99. 8284 1.2

A B 102. 8926 1.4

B C 98.741 SR

Fig. 4 Vertical angles measurements and their standard deviations

The distances measurements are shown in the file from
Fig. 5. The standard deviations used for determining the
weights are computed using the characteristics of the
distances measurement instrument with the Eq.:

o, =a+b-D[km] (24)
a, b - constants offered by the producing company or
resulting from a calibration process.

i 3
“J DISxt - Note., | = | B | 3%
File: Edit Format View Help
dela 1la mas -
A B 458.796
A C 249.462
C D 729.122
D A 494,214
B G 578.393
<[ T = »
. >

Fig. 5 Distances measurements

The file with the measured height differences is presented
in Fig. 6.

On the last column, the standard deviations for these
observations can be found.

r e h
_| dif_nivel.txt - Notepad E‘M
File Edit Format View Help
dela Ta mas s -
A C -9.359 0.005
C B -11.467 0.004
B A 20.820 0.006 ~

Fig. 6 Height differences measurements and their standard
deviations

GNSS bhaselines measurements are taken by the algorithm
from the file below. On the last three columns the
variance-covariance matrices regarding each baseline, are
shown. These matrices will be used for weight matrix
computation.

[}

’ :
) GNSS bt - Notepad o8 X |
File Edit Format View Help
dela Ta  tipmas mas sigma_dx signa_dy signadz
E B dx 553.43 0.00001861 -0,00000016 0.000000212
E B dy 434 -0.00000026 0.00001695 -0.000000148
E B dz -62.969 0.000000212  -0.000000148  0.00002158
E D dx 35,757 0.000022332  -0.000000192 2. 544E-07
£ 0 dy -369.467 -0.000000192  0.00002034 -1,776€-07
E D dz -346, 943 2, 544E-07 -1, 776€-07 0.000025896
B D dx -517.663 0.000026749  -0.000000144  1.908E-07
B D dy -412.876 -0.000000244  0.000015255  -1.332e-07
B D dz -283.97 1. 908€-07 -1,332€-07 0.000019422 .

Fig. 7 GNSS baselines measurements and their variance-covariance
matrices

The analysis and the optimization of the geodetic
network
With the help of the developed MATLAB language
algorithm, qualitative indicators regarding the reliability
of the studied network, were computed. As it has been
said for computing these indicators only the a priori
functional-stochastic model is needed. This model is
determined by the location of the network points
(provisional coordinates) and by the measurements which
are intended to be made between these points. These
elements were presented so far.
In Fig. 8 are shown the qualitative indicators regarding
the internal and external reliability for the studied
network. The significance of the columns of the table
presented in the figure is as follows:
Columns 1, 2 (dela, la) — the points between which the
measurement is performed,;
Column 3 (tip_mas) — measurement type;
Column 4 (r) — redundancy number;
Column 5 (EMD) — minimum detectable error;
Column 6 (A_nr) — absorption number;
Column 7 (Ai) - absorption;
Column 8 (lamOi_2) — global indicator regarding the
external reliability.
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1 2 3 4 5 6 7 8
dela la tip_mas r EMD Anr A lam0i_2
1A D ‘dir_or' 0.5954 14,5145 04046 5.5090 3.2072
2 A B ‘dir_or' 0.3206 24,7253 06794 32.5958 58228
3 A @ ‘dir_or' 0.0859 55.0649 09141 113743 13.0507
4 A ‘o ‘dir_or' 04493 143014 05507 -13.3485 44281
5 'B' A ‘dir_or' 0.2740 18.3385 0.7260 -231344 6.5104
6 B s ‘dir_or' 0.5471 124379 04529 -1.2047 36392
7 B s ‘dir_or' 0.5841 125614 04159 74316 33755
5 C D ‘dir_or' 0.2360 23.8784 0.7640 326011 7.1970
9 'C B ‘dir_or' 03438 23.8784 06562 -28.0631 5.5268
10 A B ‘distanta’ 06391 0.0250 0.3609 0.0024 30057
11 A’ ' ‘distanta’ 0.7885 0.0225 0.2115 -0.0013 20117
12 'C ‘o ‘distanta’ 06675 0.0294 03325 0.0040 28230
13 D A ‘distanta’ 05459 0.0211 04541 0.0011 35483
14 '8 s ‘distanta’ 05111 0.0280 04889 -0.0041 38120
15 A s ‘dir_vert' 0.5210 13.8540 04790 104711 38353
16 'C' D ‘dir_vert' 03756 52213 06244 -1.5177 51572
17 D' A ‘dir_vert' 0.3869 1.1170 06131 -5.2323 50354
18 A B ‘dir_vert' 04232 86084 0.5768 26004 46699
19 '8 ' ‘dir_vert' 04244 6.7538 0.5756 -4.0629 46581
20 A ' ‘dif_nivel’ 09816 0.0202 00184  1.0300e-04 0.5477
21 'C ‘B ‘dif_nivel’ 09638 0.0163 00362 7.7492e-04 0.7749
22 B A ‘dif_nivel' 09835 0.0242 00165  2.6073e-04 0.5188
23 'F B ‘gnss_dx' 03553 0.0289 06447 0.0115 53803
24 'E B ‘gnss_dy' 0.3986 0.0261 06014 -0.0223 48148
25 |'E' B ‘gnss_dz' 03922 0.0297 06078 0.0225 48820
26 'E' D ‘gnss_dx' 04264 0.0289 0.5736 -0.0103 46410
27 'E' D ‘gnss_dy" 04783 0.0261 0.5217 0.0193 4.1791
28 'F' ‘o ‘gnss_dz' 04707 0.0297 05293 -0.0196 4.2452
29 'B' ‘o ‘gnss_dx' 04663 0.0240 05337 -0.0045 4.2852
30 '8 ‘o ‘gnss_dy" 06990 0.0187 03010 0.0101 26320
31 B D ‘gnss_dz' 06649 0.0216 03351 -0.0141 28553

Fig. 8 Qualitative indicators regarding the reliability of the geodetic
network — before optimization

In Fig. 9 an excerpt from the matrix which contains the
local external reliability indicators is presented. The
meaning of the rows and columns of this matrix is
explained in Section 1, Eg. (21) regarding the external
reliability.

Studying the network reliability indicators it can be seen
that the measurement no. (AC horizontal direction) shows
very weak qualitative indicators (beginning with the
redundancy number and ending with the external
reliability global indicator). The consequence is that the
reliability will be lower and the network will be
inhomogeneous.

1 2 3 4 5 6 1 g 9
1 00040 00036 8.0450e-04 00022 7625504 70728604 313M4eDd -3131de
2 -0.0013 00019 00079 -0.0018 00026 -91977e-04 -B.5311e-04  4.9936e-04 -4.8516e
3 621306 67726606 -71968e-05 §3553e-06 1955905 -68150e-06 -64138e-06 2860905 -28610e
4 -1.2575e-04 00034 00011 -0.7468¢-04 00017 5966904 5534404 -0.0029 00
5 11250e-04  -25068e-04 -42330e-04 151204 00016 55355604 5133e-04 -20663e04 22103
6

7

8

9

-17689e-05 3586305 7980405 -23756e-05 48591e-05 -17179e-05 -159Me05 2123305 21234
6.8416e-04 00019 00019 9188304 0.0060 -000n -0.0020 00041 00
4.0221e-04 00018 00077 5400704 00013 -45216e-04 -4.1930-04 -0.0027 0
5807106 -21580e-05) -40231e06 7.7990e-06 9601305 33945e-05 31485e-05 -39342e05 39342

10 -Li1e0d  45114e-04 9640806 -14920e-04 8300304 2060504 27543e04  46214e-05 -4621de
1 5300904 00023 29087e-04 T1191e-04 -00152e-04 35303e04 3274504 0.0018 00
12 1034305 -28002e-05 -3.2600e-05 1415905 9.6675e-07 -34178e-07 -30701e-07 30012605 -3.0012e
13 4463704 00021 5961304 -5.9948e-04 00013 46042¢-04  4.2705e-04 00016 00
14 30233 00012 -9.8830e-05  4.0603e-04 00013 4624304 42801e-04 6971904 68330
15 -48026e-06 65927e-06  28801e-05 -6.4498e-06 26969e-05 -9.5346e-06 -8.8435e-06 22580e-06 -2.2568e
16 351 61341 -9.5641 -4.7968 -36447 1.2886 11952 0.6571 06
17 -1.8066 70682 04486 24263 112857 -24935 2318 -6.0970 60
18 06783 04320 51993 -08112 -5,6006 1.9800 18365 -15.2665 86

Fig. 9 Local indicators regarding the external reliability of the
studied geodetic network — before optimization

_|| DIR_or_optimizat.txt - Notepad = = 23
File Edit Format View Help

dela la mas s -
A ] 22.3345 2.8

A B 131.4163 3.5

A C 248.9a72 4.1

A 3] 22.3326 2.4

B A 236, 2298 2.4 [
B C 209, 0005 2.3

B C 209,0017 2.4

C 3] 314.6589 2.9

C B 387.6351 3.5

C A 332.4167 3.5

Fig. 10. Horizontal directions provided to be measured - after
optimization

The intention is to optimize the measurements plan in
order to improve the reliability of this measurement. At a
closer look, a potential cause for which that measurement
is unreliable can be identified. In the measurements plan
the “backward” direction, CA, was not provided. The
measurements plan will be improved by adding the CA
horizontal direction. The new file with the horizontal

directions provided to be measured is shown in Fig. 10.

1 2 3 4 5 6 7 8
dela la tip_mas r EMD Anr Ai lamii_2
1A ‘D' "dir_or’ 06103 143365 03897 39194 31963
2 A B "dir_or 0.3267 244933 06733 284504 5742
3 |A 'C "dir_or’ 0.3493 21.749% 0.6507 10.1156 5.45971
4 A ‘D' "dir_or 0.4696 140092 0.5304 -14.5217 42512
5 B A "dir_or’ 0.2761 182713 0.7239 -24.5326 64775
6 B C "dir_or 0.5476 124322 0454 -1.0460 36355
7B ' "dir_or’ 0.5845 12,5564 04155 76291 3313
8 [C ‘D' "dir_or 0.4054 182176 0.5946 248938 48438
9 |'C B "dir_or’ 0.3750 228606 0.6250 -18.5462 51635
0 'C I "dir_or 04539 20.7808 0.5461 -16.3615 43877
i1 A B "distanta’ 0.6595 00246 03405 1.1207e-04 28142
12 ‘A C distanta’ 0.7903 00225 02097 9811104 20606
13 ¢ ‘D' "distanta’ 06713 00293 03287 0.0050 27991
4 |0 I distanta’ 0.5534 00269 04466 0.0031 35936
15 '8 ' "distanta’ 05127 00279 04873 -0.0030 3.8999
16 ‘A C "dir_vert' 05211 138524 04789 -10.3139 38343
7 ['¢ ‘D' “dir_vert' 0.3756 52212 0.6244 -7.4901 51570
8 D' I dir_vert' 0.3869 11161 06131 51730 50351
19 ‘A B “dir_vert' 04235 8.6048 05765 28025 4,6666
20 '8 C dir_vert' 0.4246 61522 05754 39353 46561
il ' "dif_nivel' 0.9816 00202 00184 1.0332e-04 05476
2 ¢ B dif_nivel' 0.9638 00163 00362  7.7704e-04 0.7748
23 '8 A "dif_nivel' 0.9835 00242 00165  2.5935e-04 05188
24 'F B "gnss_dx' 0.3554 00289 0.6446 00110 53877
25 'F' B "gnss_dy’ 0.3987 00261 0.6013 -0.0226 49137
26 |'F B "gnss_dz' 03923 00297 0.6077 00233 49816
27 |E ‘D' "gnss_d' 04265 00289 0.5735 -0.0098 46395
28 |E ‘D' "gnss_dy' 0.4784 0.0261 0.5216 0.019 41780
29 'F ‘D' "gnss_dz' 04707 00297 05293 -0.0194 42048
30 B ‘D' "gnss_dx' 04670 00240 05330 -0.0038 427190
31 B ‘D' "gnss_dy’ 0.6995 0.0187 0.3005 00103 26284
32 B ‘D' "gnss_dz' 0.6651 00216 0.3349 -0.0139 28543

Fig. 11 Qualitative indicators regarding the reliability of the
geodetic network — after optimization
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1 2 3 [ 5 b 1 8 9
1| 81772e0d 00037 S0841e04 000 0000 71827e0d  GG6Ge-04 -6960ReDd 1179
2 -0.0010 00021 000 000 0008 -9757e04 -005M0ed -B266e04 0
3 2470606 34928e0p -LoMBes 3283006 L7M4ed -61978e6 5748006 3704le05 -2059:
4 5740004 00032 33660e0d  0O0L2  -00MS  G2607eDd A4 -0.0016 0
5 31768eds 2052604 19826ed 5031305 QM6 S675eMd 5264e0d 14Bd0e0d 34T4!
6 L2005 3970205 1306705 1689305 5102705 -1809Be-05 1678705 -33951e0s  LI50:
7 M9%e0d 0008 D006 00011 00060 Qoo 00020 0K 0
§ 2518804 0007 0030 33302e-04 0002 4230004 290204 00005 0
9 301206 2204805 789866e-06  5.2420e06 -D6043e00  3A2Be-D5 3179605 -2258%e05 4098
10 -18671e04 37954e-4 4233004 -2483ed BT903e04 31077 28920 353%eDd 9813
1 50376e04 00022 2346404 6700204 0086304 35672e04 3308804 oo 0
12 91073e06 2888305 -BAO00e06 12113605 2474ded7 -B776le08 -8.1406e08 28306e05 2631
13 5616404 00019 37600e04 7470004 00014 4836Be-04 4486504 -G.8901e-04 0
14 2495804 00012 225%0eDd 331%e0d 0003 ATIMeMd 4378e-Dd 7306004 5634
15 27097606 §2007e06 30719306 -26306e06 2707edd -09216e06 -02031e06 -6160e06 -5.886:
6 359 620 4% 4802 3Tl 13315 12351 A
7 -2 6.7153 20434 2808 AT 248 258 32960 b
18 130 D168 63702 -L79R2 -58536 21116 19%1 4842 6

Fig. 12 Local indicators regarding the external reliability of the
studied geodetic network — after optimization

The qualitative indicators regarding the reliability of the
network will be computed again after the optimization of
the measurements plan. These new indicators are
presented in Fig. 11.

Fig. 11it can be seen that there is a significant
improvement of the indicators characterizing the
reliability of the measurement no. 3 (AC horizontal
direction).

Also an improvement of the network in terms of
homogeneity can be observed. The values of the
qualitative indicators are now of the same order of
magnitude.

It can be seen that in the matrix that contains the local
indicators regarding the external reliability there is a
significant improvement of the values regarding AC
direction (column 3).

In practice an iterative method can be considered: first the
lowest redundancy measurement must be identified and
extra measurements will be added in that area until the
qualitative indicators will meet the requirements. Also, to
not unnecessary load the measurements plan, the highest
redundancy measurement can be eliminated. After each
change in the measurements plan the application will be
run in order to estimate again the values of the reliability
indicators. In this way the external reliability indicators
will become of the same order of magnitude for all
measurements, so the network will become homogenous.

Final results and geodetic network plot
Measurement (after optimization) were adjusted together
in the geodetic network. The adjustment was realized
using a mathematical model based on the local ellipsoidal
coordinate system. To express the results in the Cartesian

geocentric coordinate system or in the geodetic coordinate
system, a conversion from the local ellipsoidal system
was performed.

In Fig. 13 are shown the results in the Cartesian
geocentric system, obtained following the adjustment
performed using the model mentioned above.

Nj REZULTATE_ECEFtxt - Notepad SN

e Edt Format View Help

o Tippet K [ i Sy S St .
nou 116061067 -4655040.727  4188330.929 0.4 0.63 056 LY
nu o 1160643,043  -AGS3613. 021 ALBER0.M 101 068 Q.68 14
nu  1160838.737  -46339%0.76  4186260.M8 1.4 113 L1 L9
nu  1160125.383  -4636026.621  41863%6.36F 0.9 0.8 0.9 199
nou  1160080.619  -4655657.336 4186743203 L35 L2 LW L1

=N -]

Fig. 13 Results in Cartesian geocentric coordinate system

In Fig. 14 are presented the results in the geodetic
coordinate system, obtained following the adjustment
performed using the model based on the local ellipsoidal
coordinate system.
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Fig. 14 Results in geodetic coordinate system

3. Conclusions

In this paper the qualitative indicators which characterize
the reliability of a geodetic network were presented.
Those indicators can be global or local and they are a
measure of network robustness in the sense of its
resistance when blunders are present in the measurements.
Those indicators can be computed if the a priori
functional and stochastic models are known, without the
necessity of effectively realizing the measurements in the
network. So this indicators must be used to analyze and to
optimize the geodetic network in design phase.

More specifically said, the qualitative indicators
characterizing the reliability of the geodetic networks, can
be determined as soon as the network configuration, the
measurements plan and the instruments to be used (which
determines the a priori stochastic model), are set. So the
study of the geodetic networks in terms of reliability helps
to improve their configuration and the measurements plan
(stages called by E. Grafarend First Order Design — FOD
and Second Order Design — SOD). The indicators
determined in these stages, as it has been said, can be used
to analyze and propose solutions to improve the quality of
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the respective geodetic network.

Although the focus is on 3D geodetic networks, the
qualitative indicators presented throughout this paper
characterize the reliability of geodetic networks of any
kind.

Of all network reliability indicators one stands out as
important. It is network redundancy. This should not be
seen only as global redundancy (as the number of
additional measurements carried out in the network) but
especially as local redundancy (given by the redundancy
number). With the help of this quantity, week points of
the network can be identified and also network areas
where measurements are more than necessary. This
indicator is used to compute the other geodetic network
reliability indicators.

Basically the particular importance of the redundancy and
the redundancy numbers, together with their influence on
all other network reliability indicators, means that nothing
can replace the contribution that the additional
measurements have for the realization of a qualitative
geodetic network.

In the case study presented was shown that the developed
algorithms for processing and analyzing geodetic
networks can be useful for the optimization of the
measurements plan.

As it has been seen, computing the qualitative indicators
revealed a lower confidence measurement that was also
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leading to a network inhomogeneity.

Then the problem was addressed precisely so, by adding a
single measurement, the indicators which characterized
the reliability and the homogeneity of the network, were
improved.
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