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1. Introduction
Abstract
The main goal of the present study consist in the evaluation
of the vertical deviations obtained by visual astro-geodetic
technique. Were performed five series of observations, both
azimuthal and zenithal, in different nights by different
observers. All angular measurements were visual
effectuated with a high precision and motorized electronic
total station and time measurements with a manual
electronic chronometer. All observations was adjusted
separately, first time in-block (azimuthal and zenithal
measurements together) and second time only zenithal
measurements. Finally, resulted vertical deviations
components were inter-compared and also compared with
similar values obtained by different methods and
instruments. The study served mainly to check the variation
of vertical deviations components and associate precision
parameters at some measurements errors or modification of
input data.
Keywords
Astro-geodesy, vertical deviations, geoid.
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Astro-geodetic vertical deviations are quantities of interest
for geoid modeling, reduction of terrestrial measurements and
other scientifically and practically applications.
Usually, the vertical deviation is decomposed in two
orthogonal components: first, a meridian component (NorthSouth direction), second a prime vertical component (EastWest direction). The total vertical deviation represents the
root square of the sum of squares of components.
The study is mainly focused on the investigation of the time
errors effect (random or systematic, due to the operator or
used instruments) in procedures of visual astro-geodetic
observations.

2. Instruments and measurements
Observations were performed on a concrete pilaster located
on the Bucharest Faculty of Geodesy roof, equipped with
forced centering, that ensured a good stability needed in this
case. We used a new and automatic Electronic Total Station
(ETS), Topcon MS05AX gifted by bent eyepiece, illuminated
reticular wires, LCD display and keyboard, useful facilities
for night observations (Fig. 1). Also, used ETS has a 30X
magnification, dual axes liquid compensator, 0".1 angular
resolution and 0".5 angular accuracy. Time measurement was
realized by a manual electronic chronometer (Ruhla) in the
UTC (Universal Coordinated Time) time scale. The startup of
the chronometer was visually realized with the help of a
computer connected at an atomic time server
(swisstime.ethz.ch) by a mobile internet connection and a
sync software (DS Clock v.2.6.3 http://www.dualitysoft.com
/dsclock). For all observed stars, at the end of observations
was measured atmospheric pressure (mmHg) and temperature
(o Celsius) by an electronic meteo-station, for astronomical
refraction calculus in the case of zenithal distances
measurements.
All measurements (angular and time values, atmospheric
parameters) were stored in a terrain laptop. Also,
permanently, during the observations time, on the laptop run a
planetarium
type
software
(Stellarium
v.0.12.4,
www.stellarium.org) which gave us a real time sky map for
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easy choice of observed stars, facilitating uniform azimuthal
distribution and speed of transition between the 2 positions
of the ETS.

3

18.09.2014

4

19.09.2014

TOTAL

4

3
4
5
5

A
M
A
3 (A, M, G)

21
21
21
107

Table 2 Number of observations by type (A. denote azimuthal
measurements, z. denote zenithal measurements, Atm. represent
atmospheric parameters).

Fig. 1 Visual astro-geodetic observations effectuated with Topcon
MS05AX on the concrete pilaster situated on the roof of the Faculty of
Geodesy, Technical University of Civil Engineering Bucharest.

Series

A.
meas.

1
2
3
4
5
TOTAL

84
180
123
126
126
639

Date
11.09.2014
12.09.2014

Series
1
2

Operator
A+M+G
M/A

z. time
meas.

Atm.

Total
meas.

84
177
123
126
125
635

84
177
123
126
125
635

28
60
42
42
42
214

364
774
534
546
544
2762

No. of
stars

Start
(h)

Stop
(h)

1
14
17.54
20.41
2
30
17.87
21.93
3
21
16.78
20.67
4
21
16.66
19.09
5
21
19.85
22.17
TOTAL observation time/Average time
on a single star

Obs.
Time
(h)
2.87
4.07
3.89
2.43
2.32
15.58

Average
time/star (h)
0.21
0.14
0.19
0.12
0.11
0.15 ( 9m)

Table 4 shows a sample of differences between azimuthal
and zenithal measurements and corresponding calculated
values, effectuated for 4 stars disposed in the vicinity of the
cardinal points. For calculated values was used Multiyear
Interactive Computer Almanac (MICA v.2.0, Fig. 2)

Fig. 2 Entire astrometry calculus effectuated with MICA software in
terrain.
Table 4 Differences between measured azimuth and zenithal distances,
and the corresponding calculated values by MICA.

Table 1 Number of nights, series and stars observed by every
operator.
Nights
1
2

z.
meas.

Table 3 Effective observation time interval for every series and the
average time observation for a single star, both expressed in hours.

Series

The first terrain operation was to orient the ETS in space.
The leveling procedure was easy to realize by the dual-axes
compensator indications or by the instrument levels, the
vertical axis of the instrument being aligned with ZenithNadir direction (local vertical or plumb line). The horizontal
orientation was made by bisecting Polaris with the vertical
reticular wire, retaining the time of transit. For this time was
rapidly calculated the Polaris azimuth (by tangent formula),
value which was introduced at ETS horizontal circle. Thus,
the zero horizontal circle was aligned on the South direction,
obviously with a certain accuracy.
Every star was observed according to the following
procedure: in the first instrument position (I), 3 azimuthal
lectures together with corresponding times, 3 zenithal
distance lectures together with corresponding times, next, in
the second instrument position (II), similar with the first
instrument position, another 6 angular values and 6 times
values. Hence, for every star were taken 12 angular values,
12 corresponding times and 2 atmospheric parameters,
usually at the final of observations.
Totally, there were effectuated 4 nights of observations,
resulting 5 series of measurements. Measurements was
performed by 3 different operators (denoted by G, M and A
after the first letter of their name) using the same
instruments and procedures. In the present study frame were
observed in total 107 stars, effectuating a number of 2762
measurements (angular, times and atmospheric parameters).
The effective time of observations was of 15 h.58. The
observations volume by every night is showed in Tables 1, 2
and 3.

A.
time
meas.
84
180
123
126
126
639

Star
Polaris
Position: North,
Operator: G
Date: 11.09.2014

No. of stars
14
20/10

7

ETS position
I
II

A"
1.6
7.0
-3.0
-1.5

z "
15.7
8.3
6.6
8.2
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Sheratan
Position: East
Operator: A
Date: 12.09.2014

Altair
Position: South
Operator: M
Date: 19.09.2014

Vega
Position: West
Operator: M
Date: 19.09.2014

I
II

I

II

I

II

-2.8
-8.3
-24.7
-25.4
-21.2
-26.1
-29.8
-23.2
-36.5
-34.6
-30.9
-34.8
-20.3
-25.8
-7.8
-11.2
-11.0
-5.3
-7.8
-5.9

10.4
6.1
-0.2
116.0
4.0
2.4
1.0
4.9
-7.9
-6.7
-7.0
-11.6
-8.5
-16.6
-1.7
-2.9
-4.5
-9.5
-6.9
-2.8

3. Data adjustment
All observations series was adjusted by 2 different
methods. It was adjusted separately zenithal observations
using indirect measurements functional-stochastic model,
and next, it was adjusted in-block, both azimuthal and
zenithal observations, using conditional with unknowns
functional-stochastic model (general adjustment case).
For zenithal observations, starting from the cosines
formula of the zenithal distance (Atudorei M., 1983):
(1)
Fz  sin  sin   cos  cos   cos H  cos z ,
results the linear form of correction equation (2), used only
for zenithal observations adjustment:
 Fz 
 Fz 
(2)
   d    H  d   zmeasured  zcalculated .




For azimuthal observations, was used the cotangent
formula of the azimuth in the positional triangle of the star
(Atudorei M., 1983):
(3)
FA  sin H  cot A  cos  tan   sin  cos H .
Using equations (1) and (3), for the in-block adjustment,
results the linear forms of conditional equations (4) and (5).
Linear equation for azimuthal measurement:
 FA 
 FA 
 FA 
 FA 

 vt A  
 v A     d    H  d  

t

A






 A 
.
(4)
 FA 

 dU  wA  0
 U 
Linear equation for zenithal measurement:
 Fz 
 Fz 
 F 
 F 
vz   z  d    z  d   wz  0 .

 vtz  

 z 
  
 H 
 t z 
(5)
In relations (1)-(5) were made following notation: d =
correction to the provisory value of the latitude; d =
correction to the provisory value of the longitude; dU =
correction for azimuthal orientation of the zero horizontal

circle; zmeasured = average of the measured zenithal distances
(total 6 lectures, 3 in the first position, 3 in the second
position), corrected by the influence of the non-linear
trajectory of the star and astronomical refraction (Roelofs
formula); zcalculated = the zenithal distance calculated for the
average of the times lectures (total 6 lectures, 3 in the first
position, 3 in the second position); vt A = correction for the
average time of azimuthal observations; v A = correction for
measured azimuth; wA = the free term of the conditional
equation corresponding to the azimuthal measurements; vt z =
correction for the average time of azimuthal observations;
v z = correction for zenithal distance measured ( zmeasured );

wz = the free term of the conditional equation corresponding
to the zenithal distances measurements.
In the case of zenithal observations adjustment, every star
will provide one equation with 2 unknowns, corrections for
latitude and longitude ( d , d ).
In the case of in-block observations adjustment (azimuthal
and zenithal together), every star will provide 2 equation with
3 unknowns, corrections for latitude, longitude and azimuthal
orientation of the zero horizontal circle ( d , d , dU ).
For zenithal observations adjustment was not used weights,
but for in-block adjustment was used weights for both angular
and time measurements. Weights was established taking into
account the star's position on the sky and the star's trajectory
in the optical field of the telescope.
As start values used in all adjustment, we use coordinates
determinated by GPS technology, referred to GRS80
reference ellipsoid: geodetic latitude   44 27 '50".138 and
geodetic longitude   26 07'32".979 .
For every series, we perform a statistical check after
adjusting, regarding great measurements errors removal. We
use 2 different statistical tests (denoted by T1 and T2) both
based on normalized correction and Student distribution
(Fotescu N., 1978; Săvulescu C., 2002). A summary of the
stars eliminated by applying both tests (T1 and T2) after a
single run, are given in Table 5.
In the classical astro-geodesy, time errors of star's transit at
reticular wires was named personal observer equation. It was
considered that this error strictly depended of observer.
Moreover, it was important that personal equation to be
constant. Before and after the measurement campaign, the
observer shall determine the longitude in a reference point,
using the same instrument and method as in campaign. The
difference between the measured and reference longitude
represented the personal equation (Stamatin I., 1961).
In our study, before starting and after finishing the
observations, all operators estimated their personal time
errors, by a very simple procedure.
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Table 5 Remaining stars' number after applying both statistical test T1
and T2, based on normalized correction and Student distribution.
In-Block
Zenithal
No. of
T1
T2
T1
T2
Series
remaining
The star no. eliminated by T1
stars
and/or T2 tests
1
14
2
12*
2
30
23
23
23
23
29
3
21
15
15
15
15
20
4
21
10
10
10
10
20
5
21
9
9
9
9
20
*one star was found with erroneous measurements and was not
introduced in the adjustments, both zenithal and in-block.
No. of
observed
stars

with similar methods but different instrument (Leica
TC2002). These values come from a long series of
observations and was selected as mean reference values,
having a good agreement with vertical deviations derived
from global geoid models (EGM2008, GOCE).
Table 7. Estimated values of errors involved in astro-geodetic
observations effectuated with a geodetic instrument, both expressed in
arc seconds and time seconds.
Errors
(absolute value)
Sight (random)

This procedure consisted in stopping the chronometer used
at observations, at regular time interval, usually 5 or 10
seconds. It was realized many series, results being showed in
the Table 6 (RMS represents the root mean square of the
difference between measured time intervals and reference
time intervals).
We started from the assumption that the error determined
as we described above, are found almost identically in time
measurements of each operator (at the star's transit at one of
reticular wires). Moreover, in this way we estimate only the
personal observer time error, while astronomical longitude
determination implies a range of errors (residual
instrumental errors, clock error, etc., inclusive personal
observer time error)
Table 6. Estimated values of personal equation of every operator,
before and after all series measurements.

Before

After

Min.
Max.
Average
RMS
Min.
Max.
Average
RMS

Operator G
(s)
-0.21
0.37
0.19
0.22
-0.29
0.82
0.06
0.20

Operator M
(s)
-0.16
0.15
0.08
0.09
-0.30
0.30
0.01
0.10

Operator A
(s)
-0.17
0.31
0.18
0.20
-0.19
0.20
-0.04
0.07

Also, a total budget of estimated errors involved in astrogeodetic observations can be found in Table 7. The sight
error is a random one and appear on any direction depending
on the human eye visual acuity and instrument telescope
magnification. The operator time error can be considered a
systematic one and has been already estimated in Table 6.
The chronometer start error is a systematic one too, and have
the same value as operator time error. The horizontal
orientation error was considered as a sum of the sight error,
operator time error and chronometer start error, as maximal
value (we remind that this procedure involve Polaris
observations). All errors values was calculated both in arc
seconds and time seconds.
In our study, for the observation point we use as reference
values for vertical deviations   10".60 and   4".88
(Bădescu O., 2014). These values was obtained in the past

Operator time
Chronometer start
Horizontal orientation
Instrumental errors
∑ without random
errors
[interval]
∑ with random errors
[interval]

Zenithal
measurements
"
s
"
s
"
s

Azimuthal
measurements
1.33
0.09
1.50-3.00
0.10-0.20
0.00-3.00
0.00-0.20

"

5.83-7.33

s
"
s

0.39-0.48



"

1.50-6.00

7.33-13.33

s

0.10-0.40

0.48-0.89

"

2.83-7.33

8.66-14.66

s

0.19-0.49

0.58-0.98

Table 8 presents differences between calculated longitudes
of in-block adjustment for every observations series and
astronomical reference longitude  ref  26 07 '39".787 .
Also, the astronomical reference latitude has the value
 ref  44 28'00".738 .
Table 8 Differences between longitude obtained in every series
observations, and reference longitude.

Series
1
2
3
4
5
Average
RMS

   ref

   ref

"
4.84
6.64
6.51
5.42
6.28
5.94
5.98

s
0.32
0.44
0.43
0.36
0.42
0.39
0.40

Operator
G+M+A
M+A
A
M
A
-

It can be observed that differences between astronomical
longitude obtained in every series observations and reference
longitude (Table 8) are in accordance with the estimated
values of errors involved in astro-geodetic observations
effectuated with a geodetic instrument (Table 7). Moreover it
can be observed in Table 8 that for every observations series,
differences have the same sign (positive value). As we know,
all time errors are found in the longitude in its entirety, so in
Table 9 was calculated vertical deviations for which, all time
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measurements was corrected with corresponding values for
every series (Table 8).
Although sd  and sd  represent standard deviations
resulted from adjustments and are referred to the
astronomical coordinates  and  , however can be
assigned almost in integrality to vertical deviations
components ( sd  s and sd  s ). Table 9 shows results

measurements errors removal (T1 and T2) and (systematic)
time correction determined in Table 8. Table 10 shows
differences between results with and without time corrections
only, except T1 and T2 statistical tests for big measurements
errors removal. Also, s0 represents the adjustment standard
deviation and sdU the standard deviation of azimuthal
orientation of the zero horizontal circle.

obtained after applying both statistical tests for large
Table 9 Results obtained before (denoted by superscript *) and after (without superscript) applying both statistical tests for big measurements
errors removal (T1 and T2) and (systematic) time corrections as determined in Table 8.
Series

1

2

3

4

Type of adjustment

"

"

s0"

sd" 

sd" 

"
sdU

In-block*
In-block
Zenithal*

11.916
11.214
12.243

8.335
4.446
7.301

2.002
1.518
3.175

0.846
0.668
1.127

1.237
1.019
1.998

1.436
1.095

Zenithal
In-block*
In-block

12.236
11.278
11.342

3.869
10.379
4.905

3.169
2.220
1.715

1.125
0.709
0.553

1.994
0.962
0.762

Zenithal*

10.491

10.235

3.842

1.019

1.361

Zenithal
In-block*
In-block
Zenithal*
Zenithal
In-block*
In-block

10.567
10.776
11.283
9.976
10.586
10.228
10.278

4.523
9.692
4.907
9.066
4.132
9.800
4.897

2.534
1.767
1.516
2.831
2.194
2.000
1.666

0.672
0.634
0.560
0.812
0.652
0.754
0.621

0.926
0.979
0.857
1.341
1.046
0.927
0.866

Zenithal*

8.025

7.348

6.028

1.785

2.736

0.924
0.725

0.935
0.832

0.977
0.893

Zenithal
In-block*

10.301
3.613
1.983
0.615
0.900
12.353
8.426
3.510
1.248
1.801
1.916
12.127
5.516
1.699
0.621
0.898
0.935
In-block
(11.772)
(4.913)
(1.712)
(0.679)
(1.004)
(0.980)
5
Zenithal*
11.163
9.288
3.313
0.988
1.487
11.932
5.728
1.963
0.599
0.905
Zenithal
(11.546)
(5.296)
(1.856)
(0.606)
(0.907)
Values in parenthesis for the series 5 in the case of in-block was obtain by applying both statistical tests for big
measurements errors removal (T1 and T2), (systematic) time corrections as determined in Table 8 and in addition to
other series, by eliminating stars with the number 8,10 and 16. Stars 8 and 10 was eliminated because they had great
free terms on zenithal measurements, comparatively with all other stars. As a consequence, stars 8 and 10 was
eliminated of both adjustments. The star 16 was eliminated because it had a great free term on azimuthal
measurements. As a consequence, star 16 was eliminated only from in-block adjustment.
Table 10 Differences between results with and without time correction.
Series
1
2
3
4
5

Type of
adjustment

 "

 "

s0"

sd" 

sd" 

"
∆ sdU

In-block
Zenithal
In-block
Zenithal
In-block
Zenithal
In-block
Zenithal
In-block
Zenithal

0.000
-0.007
-0.011
-0.015
-0.010
-0.013
-0.005
-0.007
-0.002
-0.006

-3.434
-3.432
-4.711
-4.712
-4.617
-4.617
-3.854
-3.854
-4.450
-4.454

0.001
-0.006
0.000
-0.001
0.001
0.000
-0.001
-0.002
-0.001
0.000

0.003
-0.002
0.000
-0.001
0.000
0.001
-0.001
0.000
0.001
0.000

0.000
-0.004
0.000
-0.001
0.000
0.000
0.001
-0.001
0.001
0.000

0.000
0.000
0.000
0.000
0.000
0.000
0.001
0.000
0.001
0.000
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Table 11 shows differences between the reference values for
both components  and  and finals values obtained in
every observations series.
Table 11 Differences between reference values and final values
obtained in every series, for  and 
In-block adjustment
"
 ref

Series
1
2
3
4
5

10.60

"
 ref

Series
1
2
3
4
5

10.60

"
ref

i"

i"

11.214 4.446
11.342 4.905
4.88 11.283 4.907
10.278 4.897
11.772 4.913
RMS
Zenithal adjustment
"
ref

i"

12.236
10.567
4.88 10.586
10.301
11.546
RMS

i"
3.869
4.523
4.132
3.613
5.296

 "

"

(reference-series)
-0.614
0.434
-0.742
-0.025
-0.683
-0.027
0.322
-0.017
-1.172
-0.033
0.758
0.195

 "

"

(reference-series)
-1.636
1.011
0.033
0.357
0.014
0.748
0.299
1.267
-0.946
-0.416
0.856
0.835

i n

sx 

(6)

 xi  xm 

2

i 1

n 1

,

p1 x1  p2 x2  ...  pi xi
; i  1, n
p1  p2  ...  pi

pi  1

s

(8)

2
xi

( nx1  1 )  sx21  ...  ( nxi  1 )  sxi2
( nx1  1 )  ...  ( nxi  1 )

(9)

where n is the number of determinations (  or  ), s xi is the
standard deviation of each determination, xm is the
determinations average and n xi represent the number of
measurements for each determinations. Once again, all above
parameters are refered to vertical deviations components 
and  .
Table 12 The results of the Bartlett test, regarding mean value and
standard deviation for the 2 types of adjustments.

For the quality evaluation of the vertical deviations
determinations, it was applied a total of 7 statistical tests,
regarding dispersions comparison, anomalous values
elimination, comparisons between the 2 types of adjustments
(measurements) and verifying the existence of systematic
errors, both for in-block and zenithal only adjustments.
Statistical evaluation was applied on vertical deviations
components  and  as final results of our study, instead
of astronomical coordinates  and  .
a. Dispersions comparison – Bartlett test (Ceaușescu D,
1973; Săvulescu C., 2002, Table 12).
In the case of in-block adjustment, for probabilities
P  95% and P  99% , the test indicate that between 5
standard deviations there is not a significant difference, both
for  and  . This means that it can be used the simple
arithmetic mean (6) and the (modified) standard deviation
(7):

x1  x2  ...  xn
,
n

xm 

sx 

4. Statistical analysis of results

xm 

represent values of  or  obtained in every series.
In the case of zenithal adjustment, for P  95% and
P  99% , the test indicate that between 5 standard deviation
there is no significant difference for  and there is a
significant difference for the  component. Because one
component did not pass the Bartlett test we decide to apply
the same solution for both component. This means, that we
will use weight average (8) and standard deviation as weight
average of the individual standard deviation depending on the
number of measurements (9).

(7)

where n is the number of determinations (  or  ) and x n

In-block
(1)

Mean
value
Standard
deviation

Zenithal
(2)

Differences
(1) - (2)
in absolut
values
 "
 "

"

"

"

"

11.178

4.814

10.877

4.375

0.301

0.439

0.548

0.206

0.715

1.120

0.167

0.914

b. Elimination of anomalous (extreme) values from
determinations (Ceaușescu D, 1973; Săvulescu C., 2002).
For this action we use three different statistical tests, as
follows: Grubbs, Q and the test based on the confidence
interval, with the specifications that the Q test is not even
indicate for more than 4 determinations and the test based on
the confidence interval is not considered very rigorously.
For in-block adjustment, Grubbs test indicate that for
probabilities of P  95% and P  99% , values  min ,  max ,

 min and max could not be considered anomalous values.
In the case of zenithal adjustment, Grubbs test indicate that
for P  95% ,  max is an abnormal value ( max  12".236 ),
but for P  99% is a normal value. For both probabilities
P  95% and P  99% ,  min ,  min and max are normal
values.
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For in-block adjustment, Q test indicate that for P  95%
and P  99% ,  min ,  max and max are considered normal
values, but  min is an anomalous value ( min  4".446 ). In
the case of zenithal adjustment, for both probabilities
P  95% and P  99% ,  min ,  max ,  min and max are
considered normal values.
The test based on the confidence interval showed that in
the case of in-block adjustment, for P  95% and P  99% ,
extreme values for  are out of the confidence interval,
which means that these values can be considered anomalous
( 11".772 , 10".278 ). For  , both of P  95% and
P  99% , the minimum extreme is out of the confidence
interval ( 4".446 ).
In the case of zenithal adjustment, the test indicates that
for P  95% minimum extreme values for  are out of the
confidence interval ( 10".301 ) and for P  99% , the two
largest values for  are out of the confidence interval
( 11".546 , 12".236 ). For  component, for P  95% the
test indicates that extreme values are out of the confidence
interval ( 3".613 , 5".296 ) and for P  99% , no value can
be considered anomalous.
As we can see, the Grubbs test indicate that no value, both
for  and  should not be excluded as external value.
Although Q and Test based on confidence interval indicates
that there are some values that can be considered external,
however those values do not pass tests at limit.
c. Comparing standard deviations for the two types of
adjustments – Fisher test.
For P  95% and P  99% , for values of  , the test
indicates that there is no significant difference between the
two adjustments types. For P  95% and P  99% , for 
component, the test indicate that there is a difference
between the two adjustments (in block versus zenithal only).
This statistical test reveals that astronomical latitude and
consequently  is less sensitive to number of observed
stars, time errors and uniformity of azimuthal distribution.
We noticed that the difference between precisions of the 2
methods cannot be evidenced in the case of a small number
of determinations, only if the difference is large that is the
present case. If the difference is small, it can be evidenced
only if we perform a greater number of determinations.
d. Comparing averages for the two adjustments – Student
test (Ceaușescu D, 1973; Săvulescu C., 2002). For P  95%
and P  99% , for values of  and  , the test indicates that
there is no significant difference between averages. The
difference between values obtained by in-block and zenithal
adjustments, both for  and  are a result of random errors.
The result is important taking into account that the Fisher
test indicated a difference between precisions of those 2
types of adjustments (  component).
e. Verify the existence of systematic factors acting on the
results – Method of successive differences (it is important to
note that in this test we use modified standard deviation,

indifferent of the Bartlett test results) (Ceaușescu D, 1973;
Săvulescu C., 2002). In the case of in-block adjustment, for
P  95% and P  99% , the test indicate that there is no
source of significant systematic errors, both for  and  . In
the case of zenithal adjustment, for P  95% and P  99%
the test indicate that there is a source of significant systematic
errors for  but not for  .
Although, the test indicates that there are significant errors
in  component for zenithal adjustment, however do not pass
tests at limit.

5. Remarks and conclusions
All measurements was effectuated by different operators
with the same instruments, specifying that angular
measurements was effectuated in good conditions of stability.
For all measurements, the instrument worked with dualaxis compensator and the automate correction of the
instrumental errors activated. At the beginning of the
measurement campaign, the instrument was verified
according to manufacturer indications.
In all observations series was used the same procedure for
horizontal orientation (by Polaris observations).
All angular measurements effectuated in both positions of
the instrument was reduced to the "mean wire", both for
azimuthal and zenithal observations by specific formulas. All
zenithal measurements was corrected by astronomical
refraction using Roelofs formula, which depend only of
atmospheric pressure and temperature.
All time measured values in the UTC time scale was
corrected by DUT1 (=UT1-UTC) from IERS bulletins
(http://toshi.nofs.navy.mil/).
For all measured stars we create sheets of calculus for
observations reduction from catalogue epoch (J2000.0) to the
time of observations (corrections of polar motion, precession,
nutation, annual parallax and aberration as well as diurnal
parallax and aberration). All those calculus was verified by
MICA. Also, for the stars coordinates we use the FK5
catalogue.
The statistical tests was applied only once despite the fact
that there are no rules regarding the number of runs. We
remarked that applying statistical tests until there are no stars
to be eliminated, the precision increase (reaching relative
unrealistic values) while the vertical deviations components
typically can suffer relative small changes (Table 13). Also,
running test more than one time leads to an un-uniform
azimuthal distribution.
Table 13  and  values evolution (case of zenithal measurements
only) until statistical tests T1 and T2 indicate that no star have to be
eliminated. Retained values in our study are found at first run (line 2 in
the below table.
No. of
runs
0
1

12

"

"

s0"

sd" 

sd" 

10.475
10.567

5.523
4.523

3.840
2.534

1.019
0.672

1.361
0.926
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2
3
4
5
6

10.515
10.242
9.955
10.055
10.065

3.892
3.697
3.763
4.035
3.787

1.896
1.736
1.568
1.425
1.309

0.503
0.474
0.442
0.404
0.371

different instruments and operators (Bădescu O., 2014). For
instance, in the case of Leica TCRP1201+ was not apply T1
and T2 statistical tests for large measurements errors removal,
but several stars was eliminated depending on the

0.718
0.667
0.604
0.570
0.545

free terms size and azimuthal distribution uniformity. Also,
Table 14 shows a comparison between astro-geodetic
determinations and value derived from global geoid models
GOCE and EGM2008. Finally in this study we have not
sought to obtain the "best results" but we try to obtain the
"real results". For example, for this reason, we do not
eliminated any value after applying statistical analysis
(because most of them failed tests at limit), even if the
elimination of some values would be much improved final
results.

We tried to estimate systematic time errors, no by
astronomical longitude determination (personal equation
observer), but by simple time chronometer measurements.
Results are close to those obtained from longitude difference
(Table 8) taking into account that we use a reference value
for longitude with a standard deviation s0 of about 0".8 .
Applying (systematic) time corrections, practically do not
modify  component (time errors have a small influence on
the latitude) but change with the same quantity (transformed
in arc seconds) the  component.
Table 14 bring together results obtained in our study and
previous results obtained similar as procedure but with

Table 14 Comparisons between results obtained with 3 different instruments in different years. On series, upper values are referred to zenithal
measurements while lower values are referred to in-block measurements/adjustments (azimuthal + zenithal). For Topcon MS05AX are shown all
value, indifferent of the results provided by statistical tests. Also, last 2 rows shown differences between vertical deviations components extracted
from 2 global geoid models (GOCE:   9".44 ,   4".78 ; EGM2008:   11".24 ,   4".04 ) and similar results obtained from astro-geodetic
determinations.
Series

"







Leica TC2002 (2002)

Leica TCRP1201+ (2012)

Topcon MS05AX (2014)

"

s"

s"

"

11.25
10.09
5.01
1.01
1.01
10.16
2
11.04
4.88
0.69
0.69
10.69
3
10.19
5.64
0.93
0.94
10.48
4
10.33
4.96
0.95
0.87
10.60
5
10.49
4.86
0.77
0.80
6
10.66
4.77
0.30
0.33
11.25
Max
11.04
5.64
1.01
1.01
10.16
Min
10.09
4.77
0.30
0.33
1.09
Max-Min
0.95
0.87
0.71
0.68
10.64
Average*
10.47
5.02
0.77
0.77
10.71
Final
value**
10.60
4.88
0.80
0.80
GOCE-1.27
//
-1.16
-0.10
EGM20080.53
//
0.64
-0.84
*arithmetic mean; ** values resulted after applying Bartlett test
1

"

s"

s"

"

"

s"

s"

5.13
5.27
5.10
6.31
5.35
6.31
5.10
1.21
5.43
5.20
-0.42
-1.16
-

0.24
0.30
0.22
1.22
0.19
1.22
0.19
1.03
0.43
0.42
-

0.21
0.42
0.24
2.28
0.24
2.28
0.21
2.07
0.68
0.72
-

12.236
11.912
10.567
11.342
10.586
11.282
10.301
10.278
11.546
11.772
12.236
12.127
10.301
10.278
1.935
1.849
11.124
11.388
10.877
11.178
-1.44
-1.74
-0.15
0.06

3.869
4.904
4.523
5.905
4.132
4.907
3.613
4.897
5.296
4.913
5.728
5.905
3.613
4.897
2.115
1.008
4.373
5.226
4.375
4.814
0.41
-0.03
-0.33
-0.77

1.125
0.844
0.672
0.553
0.652
0.516
1.615
0.621
0.606
0.679
1.615
0.844
0.606
0.516
1.009
0.328
0.934
0.631
0.715
0.548
-

1.994
1.271
0.926
0.762
1.024
0.560
0.900
0.866
0.907
1.004
1.994
1.271
0.900
0.560
1.094
0.711
1.150
0.871
1.120
0.206
-
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Abstract
Operation of the deformations and horizontal displacements
measuring of the studied constructions, called for short
horizontal deformations construction, the principal geodesic
method is represented by the microtriangulation method.
Based of the cyclical angular and linear of precision
measurement, performed from the fixed points of the
network, in the frame of this method, the horizontal vector in
the control points on the studied construction is determined.
In this work, a method of estabilshing of the directions in
plane and value of the error of the vector of the horizontal
deformation of the studied construction corresponding to the
maximal probability is presented.
Keywords
Vector, deformation,
maximal probability.
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1. Introduction
The pursuit of the behaviour in situ of massive buildings
refers to the changes of position and of shape on the whole
or one some of their elements and informs the appearance
of some evoluational phenomena which would affect the
security of the building, called control points, to the fixed
points situated on the stable grounds, out of the influence
zone of building, forming the general system of reference.
The study of the buildings by geodetic methods is
achieved, performing cyclic measurements (angular, linear,
of level difference, etc.) from the fixed points outside of the
building about the fixed points of the building. The
frequency of the measurements is greater during the
execution and into operation stage and it is more and more
smaller as the deformations die away and the building is
stabilized.
From the geodesic methods group, the microtriangulation
is used in the survey of the behaviour in situ of the massive
constructions and of the grounds round it as well. The
measurements in each cycle are executed with the same
precision as in the initial case. The compensation calculus is
performed rigorously on the base of the mean square
method, to obtain the most probable values of the
horizontal deformation vectors in the all control points
from the studied construction. Using the most adequate
mathematical model, one can realize also a complete
evaluation of the measurements precision and of deformation
vectors.
The fundamentals of the functional model of the
compensation by indirect measurements method, processed
in matrix from are known [1], [2]. The mathematical model
to evaluate the precision in plane of the horizontal
deformation vectors, known at the present time was
completed with new elements resulting of the last researches
[3], … , [6].
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2. The Algorithm and the Program of the
Determination of the Horizontal Deformation
Vector of the Studied Construction and
Evaluation of the Precision
From the beginning it must be underlined that, as
distinct from the case of determination of the position in
plane of new points of the geodesic network, where the
establishing of the optimal conditions of determination are
obtained by analysing the minimum of the pedal curve
generated by the ellipse of errors in every determined
point, in the case of the determination of the horizontal
deformation vector of a studied construction this is not
possible. In this case, the error of the horizontal
deformation vector depends, in the first place, on the
position/direction of the vector with respect to the
rectangular system of axes, in which the determinations
are achieved. The system of rectangular axes X, Y is
chosen so that it coincide with the principal axes of the
studied construction or with the directions along which
the solicitations are largest.
The microtriangulation network used in the survey of
the behaviour of an arched dam is presented in Fig. 1. The
structure of the network includes the following categories
of points: control points or aiming marks
(P1 , P2 ,…,
PN), fixed on the aval pavement of the barrage, station
points (I, II, III, IV), from which the cyclical
measurements are executed, points of reference
(K1
, K2 , K3) from which one determine possible changes in
the position of the station points and points of orientation
(O1 , O2 , O3 , O4) situated in the grounds with a high
degree of stability are determined.

this algorithm one performs the determination of the
horizontal deformation vector, simultaneously for a
number of N control points, fixed on the construction,
from a number of P fixed points of the network in
function of r direct measurements on the ground, for
example horizontal angles. This algorithm presents a
character of wide generality being valid for different
methods of determinations. By Gh. Nistor algorithm, are
calculated, in the first place, the components of the
horizontal deformation vector with the matrix relation [1]
(1)
X n1  Z nr Lr1 ,
or in developed form:

X 1 
 z11
Y 
z
 1 
 ...     21
...



X

N 

 z n1
YN 

z12 ... z1r  l1 
z 22 ... z 2 r  l2 
  .
... ... ...  ...
  
z n 2 ... z nr  lr 

(2)

The constant matrix which appears in relations (1) and
(2) is obtained from the elements of the initial cycle as a
product

~
Z nr  Qnn BnrT Prr ,

(3)

and the matrix of the free terms has as elements the
differences between the horizontal angles measured in the
initial/zero cycle and the actual one
(4)
li   0 i  1i  i , (i  1, r ) .
Based on the components X j

, Yj , ( j  1, N ) , the

horizontal deformation vectors

LN ,1  Ln / 2 ,1

2
2
 L1   X 1  Y1 

L  
2
2

X


Y

2
2 
 2
,
...  .......... .......... .

  
2
2 

L
 N   X N  YN 

(5)

and its orientations in plane, corresponding to each control
point,

 L

L
 N ,1   n / 2 ,1  
...

 L

1

Fig. 1 Network of microtriangulation

2

Because of the difficult conditions in which one
realizes the survey of the behaviour in time of the massive
constructions, submitted to different solicitations from the
fixed points of the microtriangulation network is realized,
the most indicated method of treating of the
measurements resulted from different cycles of
observations is the rigorous method of the indirect
measurements – Gh. Nistor algorithm [1]. In the frame of

N

 arctan (Y1 / X 1 ) 
 

  arctan (Y2 / X 2 )  ,
 .......... .......... ........ 
 

 arctan (YN / X N )

(6)

are calculated.
After the operation of compensation of the indirect
measurements is performed, a correct and complete
evaluation for the precision of the results is necessary.
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The algorithm and program of evaluation of the precision
in plane position of horizontal deformation vector will
include following stages.

2.1. The Calculation of the Quadratic Mean
Error of the Weight Unity
This represents the post-compensated error and it is
calculated by generalized Bessel formula [2], [3]

s0  

T

V PV
,
rn

(7)

where VTPV – the sum of square corrections which is
calculated by Legendre-Gauss function:

V1Tr PrrVr1  LT1r Prr Lr  X1Tn BnrT Prr Lr1 .

(8)

The value of the weight unity characterizes the
conditions of measuring, that is the post compensation
precision of the measurements.

2.2. The Calculation of Mean Square Errors
along the Axes of Components and of Total
Error

where

2.3. The Ellipse of Errors and the Pedal Curve
It is established by study of the directions on a plane
along which the mean square errors are maximum and
minimum, of their values as well as of variation of the
error along various directions round about horizontal
deformation vector, that the domain in which every vector
will be situated, with a given probability, is represented by
the pedal curve generated by the ellipse of errors.
The determination of the orientations of the ellipse of
errors for the control point j, is calculated using the
trigonometric equation

1
2

 j  arctan

2QX Y

j j

QX X  QY Y
j

j

.

(13)

j j

The roots of this equation, denoted by  j and  j  100g ,

The precision evaluation of the components of the
horizontal deformation vector in every control point of the
construction is achieved using the variance–covariance
matrix [2]

~
s X2  s02QX ,

Because it is found that the square mean errors do not
characterize so well the precision, it is established [2] that
the domain, in which the deformation vector from each
control point will be situated, is represented by pedal
curve, generated by the ellipse of errors.

(9)

determine the mutual orthogonal directions along which the
error in horizontal deformation vector are maximum, and
respectively, minimum. The two angles represent the
orientations of the axes XA, YA of the ellipse of error in
comparison with the point has been determined (Fig. 2). The
orientation angle of the great axis will appertain to
[0 g,
g
200 ] interval.

~
Q X is the matrix of the cofactors (matrix of the

weight coefficients of the unknowns/components) and has
the form:

QX X

QX Y
~
QX   ...

QX X

QX Y
1

1

QX Y ... QX X
1 1

1

1 1

QY Y

... QX

1

...
QX

...
...
... QX X

1 1

N

1 N

N Y1

N Y1

N

QY Y

... QX

1 N

N

N

N YN

QX Y 

QY Y 
...  .

QX Y 

QY Y 
1 N

1 N

(10)

N N

N N

It represents the invers of the matrix of the coefficients
~
of the normal ecuations ( QX  N X1 ) and it is a square
matrix.
The square mean errors of the components of the
horizontal deformation vector in the control point j,
( j  1, N ), are expressed by

sX   s0 QX
j

, sY   s0 QY Y ,

jX j

j

j

Fig. 2 Errors ellipse and pedal curve

The maximal and minimal value of the errors in the
plane position of the points correspond to the semiaxes of
the ellipse of errors. The values of maximal and minimal
errors, given by the semiaxes, are calculated with the aid
of relations:

(11)

j

A j   s0

and the mean error of the vector (total error) will be

s L  s2X  s2Y .
j

j

(12)

j

17

B j   s0

1
(QX X  QY Y  q j ) ,
2
1
(QX X  QY Y  q j ) .
2
j

j

j j

j

j

j j

(14)
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For the point j first is calculated the coefficient

q j  (QX X  QY Y )  4QX Y , q j > 0 .
2

j

j

j j

2

(15)

where ψ represents the angle between axis XA and any
direction, considered in direct sense and contained in [0,
2π] interval. Equation (16) offers the expression of the
vector radius of the pedal, representing the error of the
vector along the considered direction
(17)
S  A2j cos2   B 2j sin 2  .
The pedal curve, generated by the ellipse of errors
having the area expressed (Gh. Nistor, Gh. Andricioaei,
1994) by
j



2

( A2j  B 2j ) .

(18)

Analysing the relation (18), we conclude that for a
given ellipse, the pedal curve area can takes different
values as function of the semiaxes A and B ratio. For
example, for the small semiaxis B area of the pedal curve
is a function of the form

 A
AP  B  j
2  B j




2
j

j

2


  1 .




 ( A2  B 2 ) 
 1
1  exp     Pp  1  exp  j 2 2j  .
 2
 8 Aj B j 

j j

The drawing, at a superunit scale of the pedal curve
generated by the ellipse of errors, with the help of
equation
(16)
S2  A2j cos2   B 2j sin 2  ,

AP 

errors ellipse. This will be expressed by inequalities [4],
[5]:

(19)

j

(21)
The maximum value of the probability represented by
the third term of (21) depends on the values of the
semiaxes, more exactly on their ratio. To make obvious
the influence of the ratio of semiaxes over the maximum
of probability, the inequalities (21) can be written in the
form [3]

 1  A B 2 
0,3935  Pp  1  exp   j  j   .
 8  B j Aj  
j

(22)
The minimum values of the probability for the
horizontal deformation vector of the control point are
obtained along the directions [5], (Fig. 3):

3
(23)
  0, ,  ,
, 2 ,
min

2

2

and they correspond to the probability that vector be
situated in the domain of the ellipse of errors
(Pp = Pe = 0,3935). In respect to X axis of the coordinate
system, in which the control points are determined, the
directions will be:


3
 j ;  j  ;  j   ;  j  ;  j  2 .

The fact that for an ellipse of errors concerning the
determination of the horizontal deformation vector, of
given area, will result pedals of different areas,
corresponding to the ratio of semiaxes, it means that also
the probability of situation of the deformation vector on
the surface of each pedal will be different, and certainly
more than in the case of situation in the domain of ellipse
of errors.

2

(24)

2

2.4. The Establishment of the Extremum Value
Taken by the Probability, Corresponding to
Different Directions Round About the Control
Point
In [3] is established a relation which permits to
compute the probability that the deformation vector
belong to the domain represented by the pedal curve
generated by the ellipse of errors (Gh. Nistor, Gh.
Andricioaei, 1996)
 1 A 4 cos2   B 4j sin 2  
1 2
Pp  1 
exp   2j
d .

2
2
2
2 
2 0
 2 ( A j cos   B j sin  ) 
(20)
For the calculation of the probability one can use a
computer program or the Simpson’s approximation
formula [6]. Relation (20) being difficult to access, one
recommends to use the minimum and maximum values
between which will be situated Pp , that is the probability
that the horizontal deformation vector will be situated
within the domain represented by the pedal curve of the
j

Fig. 3 Directions in plane and of the magnitude
of the error of the horizontal deformation
vector according to the maximal probability
S  Pj  1; Pj  2 ; Pj  3; Pj  4 .
max

The other points of extremum, which correspond to the
directions along which the probability under discussion is
maximum
(25)
 max ;   max ;   max ; 2  max ,
or, in respect to intial axis, X,

 j  max ;  j    max ;  j    max ;  j  2  max . (26)
In the expressions (25) and (26),
relation [5]:
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 max

is calculated with
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 m ax  arccos

B 2j
,
Aj2  B 2j

where the angle

 max , between

(27)
axis XA and the direction

under consideration, is computed with [4], [5].

2.5. The Calculation of the Mean Square
Errors Corresponding to the Directions with
the Maximum of the Probability so that the
Horizontal Deformation Vector be Situated in a
Plane
Along the four directions, defined by the angular
values (25), the maximum of the probability under
consideration is computed with the relation [4]

Pp

max

 1  A B 2 
 1  exp   j  j   ,
 8  B j Aj  

(28)

which represents the third term of inequality (22). Along
the direction with maximum probability one can compute
the square mean error of the horizontal deformation vector
of the studied construction with the expression of the
vector radius of the pedal curve
(29)
S  A2j cos2  m ax  B 2j sin 2  m ax .
m ax

The maximal probability assume values between 0,3935
and 1,000 and in these cases their square errors are very
closely to values of small semiaxis Bj, which is remarkably.
The variation probabilities of the control point,
corresponding to variations lying on [0, 2π] interval. We
can observe the points of extremun of the probability, the
minimal and the maximal values corresponding to the
magnitude of the axes  , for each ratio.

2.6. Application
Considering when the ratio of the semiaxes is Aj / Bj =
7.6mm / 2.5mm = 3.04, the probability that the horizontal
deformation vector to lie in the pedal domain will be
maximum and equal to P = 0.7579 (28), along the
directions
represented
by
angles
(25):
 1  79g 76c ,  2  120g 24c ,  3  279g 76c and  4  320g 24c ,
where the angle

 max

is calculated with the relation (27).

Along the four directions, expressed by (28), the probability
under discussion will be maximal, the square mean errors of
the deformation vector will be equal to S
 3.36mm ,
 max

very close to the minimum error represented by the small
semiaxis, Bj = 2.5 mm. This result is remarkable only when
the horizontal deformation vector of the studied construction,
corresponds to the one of these directions.

3. Conclusions
The determination of the horizontal deformation vector
from the control points from the studied construction, is
obligatory to analyse the possibilities to obtain the smallest
errors along the directions in plane of the deformation
vectors. This is possible only in the case when are known
with anticipation the directions in plane along which will be
produced the horizontal deformations and displacements.
This wish will be realized in the frame of two operations:
a) Determination through projection of the configuration
and orientation in plane of each pedal, so that the small
semiaxis to coincide with the direction of the deformation
vector by studying the disposition of the station points. In
this manner will be influenced the values of the elements of
the cofactor matrix (the weight square and rectangular
coefficients) of the vector components on axis X, Y with
respect to which the determinations are achieved.
b) The increment of the precision of the cyclical geodesic
measurements which will lead to the increment of the
precision of the cyclical angular and linear differences, and
implicitly to the increment of the precision of the
deformation vector.
At the level of whole construction one recommend to
achieve a statistical study of the results, with a given
probability, the state of efforts and deformations of the
construction under study.
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1. Introduction
Abstract
This article presents some aspects of measurement accuracy
using total stations, regarding the correction of the measured
acquired values, of mathematical corrections at the level of
sensors involved and not least access to specific correction
values.
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The measuring methods of surveyors were changed, after
1960, when were launched the first electronic distance
measuring devices. The expanted geodetic networks gradually
renounced at the exclusive triangulation networks. In their
place were developed combined networks by directions and
distances or trilateration networks. In determining the points
on small areas, cadastre and topography, has moved from
optical measurement to measure distances electronically. In
determining the points on small areas, in cadastre and
topography, it passed from optical measurement to
electronically measuring of distances.
Combining instruments for measuring angles and distances
was a logical consequence. At first, to determine angles and
distances were using separate tools. For high accuracy
requirements, common geometric reference was provided
through forced centering of instruments.
In 1968 the Zeiss company introduced Rec Elta 14
instrument, which is the first electronic tachymeter with data
record. In 1990, when the company Geotronics introduced
System 4000, it starts the „motorized tachymeters age”. At the
same time appear on the market GPS systems for determining
the 3D points, especially as an alternative to tacheometric
measurement systems. Some manufacturers have already
announced the end of land measuring technique. However
electronic tachymeters were consistently developed further.
Next the tachymeter term is used as a generic term for all
systems, in which are achieved electronic combined
measurement of directions and distances. In the past several
names were invented, which always contain a reference to the
stage of development at the time [1]. Through autoreductor
tachymeter term, computer assisted tachymeter or
computerized tachymeter, for example, in 1980, advertised
the functionality of automatic calculation of horizontal
distance. Today this is something natural and is not
specifically mentioned. Currently, manufacturers are talking
about computerized tachymeters and refer to instruments that
integrate complex interactive softwares with operating
systems that are specific to computers (Windows CE) and
allow the specific operation of a computer, such as the
operation with the digital maps, with images, with computer
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aided graphic editing and even application development
environment, where users can create their own routines for
improving productivity.
Electronic tachymeters, generally with a range of up to 3000
m, can be classified by a first criterion, depending on
measurement accuracy directions, as follows:
- Instruments with a standard deviation < 5 cc;
- Instruments with a standard deviation of 5cc to 20 cc;
- Instruments with a standard deviation > 20 cc.
where the distance is measured once with accuracy of ± (5
mm + 5 · 10-6D).
This classification takes into account only the measurement
accuracy directions, distance measurement accuracy is
considered constant. In addition, equipment features and
functionality that tachymeter gives to the users are not
considered.

1. The accuracy of measuring angles and
distances with electronic tachymeters.
An uncertainty in the horizontal direction is equivalent to a
deviation of sight perpendicular to the reference point (cross
deviation).
It grows linearly with distance. The same is true for vertical
angles. A distance measurement uncertainty can be
interpreted geometrically as a deviation from the target
direction (longitudinal deviation). The data accuracy of the
distance measurements are composed of a constant part and
one proportional to the distance. Therefore, the uncertainty
increases with increasing distance; but it does not increase
with distance. In figure 1 are represented the relations for the
direction and distance accuracies of tachymeters for a
distance of 500 m.

are shown in Figure 2 in the form of ellipses of errors. For
short distances (1), observed horizontal directions (ie vertical
angles) are superior distances in terms of accuracy. In a
medium range (2), usually between 200 and 600 m, isotropic
error situation occurs. If landmarks are further away (3), the
inaccuracies of measurement angles are greater than those of
measurement of distances.

Fig. 2 Directions and distance measurement accuracy

Precision values of measurements of angles and distances are
shown in Figure 2 in the form of ellipses of errors. For short
distances (1), observed horizontal directions (ie vertical
angles) are superior distances in terms of accuracy. In a
medium range (2), usually between 200 and 600 m, isotropic
error situation occurs. If landmarks are further away (3), the
inaccuracies of measurement angles are greater than those of
measurement of distances.
In terms of construction, angle measurement accuracy has
been improved by manufacturers over the last decade. In
principle this is also true for electronic measuring distances
[3].
Instead it has been simplified and accelerated obtaining the
measurement values. Today electronic tachymeters are
multisensor systems with integrated computing units. The
calculations, which before were only possible in the office,
today can be performed on site and interactively [2].
In fact, all companies offer different series of devices to meet
a wide spectrum of customers.

2. Correction of measured values at electronic
tachymeters

Fig. 1 Measuring accuracy of directions and distances

At a polar measurement of points it is desirable the situation
of an isotropic, that is, the longitudinal and transverse
deviations should be approximately equal. With an
instrument, this may be true, strictly taken, only for one
distance (Figure 2). In case of tridimensional measurements
(position and height), height component should be
considered accordingly.
Precision values of measurements of angles and distances

Original and corrected observations
In case of electronic tachymeters there are no original
measured values as well as the optical theodolites, because
before values can be accessed by the user (via display or
memory), they are often corrected by calculation. Corrections
take into account different factors:
Sensor calibration
That means, in general, the metrologycal behavior of the
sensor during measurement. Calculated compensation is
carried out by means of a characteristic curve obtained from a
polynomial or a table of values. In general, sensor variations
are found in the law of propagation counted. Often are using
simplified calculation modes, such as when in a linear model
corrects only a standard deviation of zero.
Temperature Behavior
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The temperature is recorded and taken into account in the
calculations.
Geometric deviations of the instrument
In addition to the conditions on the axis (major axis tilt error
in the direction of the axis of sight and tilting axis of the
telescope), for precision measurements are taken into
account in computing also eccentricities or adjustments of
individual components.
Current oblique position of the vertical axis
An oblique position of the vertical axis in space falsify
repeatedly, horizontal and vertical angle measurements.
Longitudinal component l acting in the direction of sight,
affects the correct measurement of vertical angle; transverse
component q acting in the direction of the telescope axis,
affects the correct measurement of horizontal directions.
Recording the actual inclination of the main axis through the
measurement technique, these influences can be canceled by
calculation.
Oblique position of the vertical axis also causes an error of
eccentricity, which is generally negligible. It should be
considered only in case of very short distances, which occur
for example in precision measurements in an industrial
environment.
The distortion of horizontal angle is caused by an
eccentricity h between the point on the ground obtained
from a centering by coercion B and the intersection point K
between the axis of sight and the tilt axis of the telescope
(Fig. 3).
Reported to zero direction of the horizontal circle, instead of
seking horizontal direction a1 will be observed a'1.

v = vertical axis inclination;
e = horizontal eccentricity;
Δa = requested correction;
ρ = conversion factor = 200G/π
Correction Δa is calculated as follows:
l
 0  arctan 
q

sin Δa  

e

(1)
sin  0 
s1'
h  sinv
Δa 
 ρ  sin 0 
s1'
In case of sighting points at large distances eccentricity does
not occur. Correction Δa becomes significant only on short
distances and if there is a clear oblique position at the
working edge of compensator (see Table 1).
Table 1 Eccentricity of Hz direction due to the tilt of the vertical axis
Instrument height h
1,50 m
Horizontal angle φ0
80G
Tilt of vertical axis v
0,05G
Distance s’1
5m
10 m
20 m
Δa [cc]
150cc
75cc
37cc

After triggering a measurement, in the first instance, are
selected sensors involved. This is followed by a mathematical
correction at the sensor level, which are not accessible to the
user.
A higher level consists of "geodetic measured values", where
the operator can select or change some corrections, which are
then applied to the measured values. The possibilities with
the most important influence are shown in Table 2.
Table 2 Geodetic corrections for direct measurements
Measurements
Correction for ...
Error of sighting axis and tilt axis of the
Horizontal directions
telescope
Hz
Tilting vertical axis
Horizontal reference direction
Vertical angle V
Index error
Tilting vertical axis
Additional corrections
Sloping distance s’
Propagation speed
Scale factor (ppm)

Fig. 3 Eccentricity due to oblique position of the vertical axis

φ0 = tilt direction of the vertical axis to the direction of the
objective;
l = longitudinal component towards the objective;
q = transverse component in secondary axis direction of
tachymeter, transverse to the the objective direction;

A concrete example of generating angles for a precision
electronic tachymeter is shown below, using the following
symbols:
XRaw = "raw" value of the sensor without correction;
kcx = sensor calibration correction;
ktX = temperature correction of the sensor;
kJX = correction adjustment of the sensor
knPX = correction due to the unparallelism between the axis of
sight and the longitudinal tilt axis respectively between the
minor axis and the transverse tilt axis
c = collimation error
i = secondary axis tilt error
The following values appear on the display:
Longitudinal inclination: L = LRaw + kcL + ktL + kJL + knPL

22

Journal of Geodesy, Cartography and Cadastre
Transverse tilt: Q = QRaw + kcQ + ktQ + kJQ + knPQ
Vertical angle: V = VRaw + kcV + ktV + kJV + kVi - L
k Hz 

c
i Q

sin V  tanV 

Horizontal direction: Hz = HRaw + kcH + ktH + kJH + kHz -Hz0

Fig. 4 Different levels on correcting the measured values of electronic
tahymeters

Inclined distance s' is analog calculated from a raw
measured value, which is modified by applying internal
corrections (additional and cyclical corrections) and external
corrections (eg. ppm value correction due to weather and
constant prism correction). The measured values, before
being displayed, are converted into selected unit by the user
(for distance / angle).
From the directly measured values, the electronic
tachymetric software calculates derived quantities such as
the horizontal distance, the difference in level between the
center-of-sight of the total station and the target point,
cartesian or polar coordinates.

3. Access to the correction values
The user wants that the tachymeter can be used in a simple
and intuitive way, without having to constantly consult the
user manual. At the same time, the user expects at a high
security data, so low battery or pressing a wrong key does
not lead to data loss.
From the point of view of producers, they take into account,
given the global competition, not just languages, mentalities
and different working modes, but also different levels of
training, from semi-skilled operators without the geodetic
training to technicians, surveyors, respectively geodetic
engineers.
In order to ensure a simple and non-vulnerable operation,
the user can not view or modify algorithms and corrections
to the sensors level. Even geodetic corrections to be taken
into account, can not always be accessed. Each instrument
allows the introduction of a single additional correction for
distance measurement or a new bearing for setting the
horizontal circle.
For corrections of axes are different situations. While some
tools allow the direct introduction of collimation error, the
others a new introduced value can be possible only

indirectly, by taking measurements in both faces. When
checking instruments, it can be seen that not all influences are
taken into account properly. In concrete terms it already
appeared programming errors (bugs) or approximate solutions
were used instead of exact algorithms, when for example the
influence of vertical angle is not taken into account in
determining the collimation error..
Secondary axis situation is one that would require
improvements: many instruments, especially the middle class
precision, although the telescope overthrow axis error can be
read, it can not be changed. There are even instruments that
run a correction, but the values themselves can neither be read
nor modified.
If corrections can be accessed only partially or not at all, then
often they are only mentioned in the instruction manual or are
not documented at all, so the user does not know to what
extent these instrumental corrections influence actually the
measurements
User advantage lies in easy handling of the measuring
equipment. Instead, he can not make an accurate view of
actual measurement quality or can not use the full potential of
the instrument precision. From a user perspective it is hoped
that producers of future geodetic instruments allow at least
correction readings that are relevant from geodetic point of
view. The ideal solution would be an output file, in the idea of
quality assurance and prosecution of measured values. In
addition, fundamental algorithms should be documented
accurately.

4. Conclusion
Today, many users work "directly" with coordinates and are
not interested at all of the elements of direct measurement.
Such a process can be an economic one for a series of
measurements, but in the case of precision measurements is
recommended that direct measurements to be assessed or
treated in a professional manner.
Astăzi, sistemele GPS şi tahimetrele electronice sunt văzute
mai puţin ca două grupe de produse concurente, ci mai mult
ca două tehnologii de măsurare diferite, care se completează
în mod util prin intermediul punctelor forte şi al punctelor
slabe specifice.
Today, GPS systems and electronic tahymeters are seen less
as two groups of competing products, but rather as two
different measurement technologies that complement
effectively through specific strengths and weaknesses points.

References
[1] I. Neuner - Măsurători terestre – fundamente, Editura
MATRIX ROM, Vol. 1, ISBN 973-685-320-9, 2001
[2] C. Didulescu, A. C. Badea, A. Savu, A. F. Jocea, D.
Badea - Caiet de practică topografic”, Editura Conspress,
Bucureşti, ISBN 978-973-100-170-8, 2011.
[3] F.Deumlich/ R. Staiger – Instrumentenkunde der
Vermessungstechnik – Herbert Wichmann Verlag Heidelberg,
ISBN 3-87907-305-8, 2002

23

Journal of Geodesy, Cartography and Cadastre

Study of monitoring the river sediments
Radu Maxim, Valentin Danciu, Tiberiu Rus, Constantin Moldoveanu

Received:
April 2015
/ Accepted:
September 2016
© Revista de Geodezie, Cartografie și Cadastru/ UGR

Abstract
This paper presents a study conducted during 2008-2014 on
determining the volume of sediments accumulated on the
Danube Delta - Cerrnovca arm.
For this purpose has been used various methods and
programs, achieving different accurate bathymetric
numerical models. The first bathymetric measurements in
Romania, were made in 1829 by Russia, to the mouth of the
Sulina arm.
Before that date, there were measurements attempts made by
the Ottoman Empire and France. The main purpose of these
measurements was to establish the best routes without
danger between Tulcea and the Black Sea.
Subsequently, measurements were carried out to establish
the plotting of new artificial canals and fishery purposes.
Today, bathymetric measurements of the Danube Delta are
mainly used for navigation purposes and geomorphologic
research.
It is important to monitoring the river depths in order to
know the bed dynamics and sediment distribution.
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1. Introduction
The scientific model is an ideal or theoretical case but
imperfect which is based on concepts.
Being based on the correlation between conceptualization and
studied phenomenon or process, the modeling results may
have various degrees of trust and fidelity.
In terms of geodetic the model can be defined as a set of
procedures that we apply in order to evaluate some
parameters that contribute directly or indirectly to describe the
geometry of the figure of the Earth and its gravitational field.
Another type of model encountered often in geodesy,
especially in photogrammetry is that the deterministic model
applied to represent the land/terrain surface.
The Spread of Surface modeling is mainly due to the
development of technology which has given us among others,
the three-dimensional and generating the digital models of
terrain/land.
Digital terrain model is a digital representation of the
topographic surface. Can be represented in raster or vector
format and can be generated by using several techniques and
measurement methods , but the most used is the remote
sensing.
However, traditional methods are used and surveying as well.
Methods of obtaining an MDT are derived from information
retrieval mode:
- kinematic GNSS measurements,
- stereofotogrammetry,
- lidar measurements,
- topographic maps relief representation by contours
- bathymetric measurements.

2. Problem
Bathymetric measurements
As measurement devices and systems are distinguished:
- sounding stick,
- hand probe
- Sonar (acoustic probe).
The sonars are presented like systems with single or multiple
oscillator. Sonar measuring principle consists in the fact that
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in the water are spread sound pulses produced by an
oscillator until it is reflected at the area adjacent the two
media of different densities, and they are received back by
the same or a second oscillator.

The sonar it is used to determine the depth or
transverse profiles for drawing water courses
depths of hundreds of meters. Depth data
determined at the sounding are usually gross
values, indicating the depth of the water at the
bottom of the oscillator. Gross amounts should be
ordered for subsequent comparison with the initial
or subsequent measurements.
By ordering we understand linking the depth
values to a reference system. There are the
following possibilities:
- geometric leveling (problems: near the shore,
refractions);
- trigonometric leveling with zenith or vertical
measurements (problems: refractions, wear down
the instruments);
- water surface determining (problems: poles
beaten in shore, fluviometric scale);
-Data of hydrometric stations (problems: division
into intervals of hydrological scale, linear
interpolation).
Determination using the and electronic positioning systems
have evolved into modern equipment (multi-beam - with
multiple beams) by lifting and Differential Global
Positioning System (DGPS).
Horizontal position - 2D is determined by various methods.
The measurement data of the depth are reported to the
vessel used for lifting, either to the area of the surrounding
water. The positioning data and depth data can be obtained
in the same time.
Making MDT
Depending on how supporting points are obtain, the using of
the results and the data precision we can distinguish several
methods of obtaining and representation of MDT. According
to [Constantin Nitu, 2009] as accurate interpolation methods
we have:
- method by triangulation with linear interpolation (linear
interpolation with Triangulation);
- method natural neighbor (natural neithbor).
Triangulation with linear interpolation
Triangulation method followed by linear interpolation uses
all points with values X, Y and Z data and they are built
triangle formed by neighboring points so that the entire
surface is covered with triangles. A particular case is that of
triangulation Delauney [Constantin Nitu, 2002].
Points are thus united two by two, that one side can not
override another triangle. The premise leads to an accurate

method of interpolation.

Fig.1- Reţeaua TIN şi structura datelor [Constantin Niţu,
Modele digitale altimetrice şi geostatistică, 2009, pagina
15]
Natural neighbor method
Each triangle defines a plane, so that the triangle is a cuboid
with the top face of the base (bottom) on the horizontal plane
Z value zero. Share of each point inside the triangle resulting
from linear interpolation from the values Z in the three peaks
of the triangle.
This is a very simple method. Either a set of Thiessen
polygons, Delaunay triangulation of a set of dual [Constantin
Nitu, 2002]. If to a set of points and is added a new point, the
Thiessen polygons it changes. In fact, only some polygons
will shrink and none will increase. Thiessen polygon
associated with the target of an existing polygon is called
"borrow zone". Of natural neighbor interpolation algorithm
uses a weighted average of neighboring Z data, where the
weights are proportional to "borrow zone area". The Method
excludes extrapolation outside the outer polygonal contour
data points or polygons Thiessen Z values.

3. Study case
In its northern sector, the Romanian seaside is represented by
the front of the Danube Delta,which as a sedimentary unit,
covering an area greater than 12,600 km2. Current
geomorphology of the Danube Delta is the result of
continuous interaction between the river and the Black Sea.
For the case study was chosen Cernovca arm (located
between Old Stambul arm and arm Babina), which was
determined volume of sediment accumulated in 2008-2014.
For this purpose it been used the following tools and packages
softwear:
- Bathymetric measurements were made with the station
Garmin (GPS + sonar) model GPSMAP 298C Sounder for
stage I GPSMAP 527 xs November 2008 and May 2014 for
Phase II;
- For modeling various applications and analysis programs
were used Surfer, Global Mapper, ArcMap and QGIS.
To check the accuracy of the results of monitoring to achieve
MDT have been used the two programs and for the modeling
methods were chosen natural neighbor and triangulation.
Below there are presented the steps on the follow-up study of
sediment deposits. In the Danube Delta area planimetric and
altimetric national network is deficient because:
- Density of points is small because large areas of water and
land unstable;
- Many of these points were destroyed or there were no longer
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found because they have not done network maintenance; it is
necessary that data sets (measurements) to be performed in
two steps in the same reference system.

Fig.5- Vizualizarea datelor în Global Mapper

The data is exported in .shp format that point in Global
Mapper.

Fig.2-Satellite images of the Danube Delta- NASA image source.

Georeference measurements and the creating of a
database dedicated to the both format software

Fig.6-Exporting data in .shp format

Data are imported into Global Mapper and they are added in
the table of attributes x and y coordinates.
Fig. 3- Datele exportate- Map Source

The data are exported individually (waypoints and tracks)
from Map Source .gpx format.

Fig.7- The addition of x and y in the table of attributes

The data format type shp point, bring it into QGIS and
attribute table is modified so that it remains only x, y and z.
Fig.4- Saving and exporting individual data
Importing data into Global Mapper .gpx and cut to mask
Cernovca arm.
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then multiply by 100 to represent values in cm / year.

Fig.8- Creating depth of field

Making MDT
To achieve MDT for the years 2008 and 2014 using the
same settings as follows:
- Step grid is 10 m;
- Due to the irregular shape of the scanned area bathymetric
numerical models will be cut mask commonly used
previously;
- Calculating the difference between the two grids - grid
Oldest always subtracted from the newest;
- Erosion will have negative values, and the sediments will
have positive values (Constantinescu, 2012);

Fig.11- Models for measurements made in 2008, 2014 and rates in
cm / year

All data are brought into ArcMap to make surfboards position
in the Danube Delta, Cernovca arm and measurements results.
All data (gpx the station, gpx exported from MapSource, shp
exported from Global Mapper and degrees after interpolation)
are projection UTM (Universal Transverse Mercator), Z35 N
(Zone 35 North - specifies the eastern part of Romania), WGS
85 Datum (World Geodetic System 1984).

Modeling software like Surfer
1. Natural Neighbor method

Fig.12-ArcMap

2.Triangulation method
The same steps were followed above for achieving those
models and also to determination of erosions and
accumulation of sediments on the arm.
Fig.9- MNB result after cutting

Fig.13- Models for measurements made in 2008, 2014 and rates in
cm / year

Fig.10- Differences Calculation between the two grids

The new result is divided by the number of years apart and
erosion rates are obtained / accumulated sediments / year,
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Modeling software using Global Mapper
Triangulation method
In Global Mapper software, interpolation can be done only
by a single method, that of triangulation.

8

691238

5029847

9

691994

5029840

10

697867

5029704

…

…

…

188

691869

5029831

6,5
5,8
8,5
…
2,1

5,497
8,160
7,719
…
3,465

-5,510

-5,359

-7,933

-7,774

-7,684

-7,689

…

…

-3,415

-3,430

Tab.2- Estimate of the accuracy of the data set MDT 2008
Surfer
2008

G.M

NN

Triangulație

Triangulație

[vv]

78,349

79,565

87,371

s0 [m]

0,646

0,651

0,682

Tab.3 - Depths measured and calculated values for the data from
2014

Fig.14- Making MDT triangulation method

Fig.15-Raport informaţii statistice cu privire la realizarea MDT

MDT algorithm achieving the same as for 2008 data and
2014 data.
Estimation accuracy for the models results
To calculate the precision of numerical models bathymetric
measurements results for 2008 and 2014, has been used a set
of control points, represented 10% of each set of data. Thus,
the 2008 data set were 188 randomly selected control points
(Fig. 16), while the 2014 data set, 254 control points (Fig.
17).
Mesured values[m]
X

Y

Z

1

692304

5029931

2

698014

5030458

3

696453

5029393

-5

4

698444

5031233

-9

5

692566

5029925

6

698541

5031357

7

690282

5030328

5,3
6,6

6,3
6,6
4,9

Z

Surfer[m]
Z
nn

5,427
6,478
4,151
8,884
5,037
6,232
4,562

Z triangulație

-5,566

-5,576

-6,384

-6,424

-3,880

-3,480

-8,857

-8,851

-5,059

-5,016

-6,495

-6,524

-4,503

-4,546

Y

Surfer[m]
Z

Z

Z nn

4,8
6,1

5,676
6,808
5,852
5,346
6,764
3,896
5,349
7,413
5,567
7,128
…
5,607

693528,8

5029776

2

692706,7

5029935

3

698385,3

5031214

-7

4

691843

5029799

6,1

5

692391,4

5029929

-5

6

697970

5030338

7

691897,7

5029845

8

692382,3

5029930

9

697727,3

5029426

10

692564,6

5029912

…

…

…

254

694108,8

5029699

6,9
3,7
-5
4,6
7,5
…
6,2

G.M[m]

triangulație

Z triangulație

-5,548

-0,504

-7,233

0,180

-5,932

-0,151

-5,188

0,253

-6,763

-0,092

-3,853

0,121

-5,271

0,346

-7,380

-0,022

-5,555

-0,030

-6,727

-0,404

…

…

-5,046

-5,579

Tab.4 - Estimate of the accuracy of the data set MDT 2014
Surfer
2014

G.M[m]

triangulație

X

1

Tab.1 - Depths values measured and calculated for 2008 data
Nr.
pct

Mesured values [m]

Nr.
Pct.

G.M

NN

Triangulație

Triangulație

[vv]

137,362

151,293

197,200

s0 [m]

0,735

0,772

0,881

Calculation of volumes of sediments
Calculation of the volume of sediments was done by two
methods namely trapezoidal method (Surfer) and Simpson
method (Global Mapper).
Tab.5 – Calculation of volumes of result sediments
Volume[m3]
Interpolation method

Surfer

28

NN
Triangulație

2008

2014

6150397
6740392

4921375
5030022

Sediment volume
(V2014-V2008)[m3]
Global
Surfer
Mapper
1229022 959879,3
1710370 993155,9
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Fig.17 - Representation of control points for data in 2014

Conclusions
It can be realise a monitoring of sediment deposition and
erosion of the riverbed both for fishery, navigatingl purposes
and geomorphological research with low cost devices and
programs.
Where monitoring is carried out in an area where geodetic
reference network is missing,
the bathymetric
measurements has to be brought to a common reference in
order to eliminate errors due to difference in water level
between the various stages of measurements.
The study conducted on Cernovca arm shows that despite
expectations, the absolute value of the erosion is greater than
sediment accumulation, leading to greater water level in the
area.
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6. 1. Introduction

Many years ago Bucharest was considered the city of
gardens. Today, in the XXIst century Bucharest encounters,
like many other major cities of the world, many urban
problems, which affect more and more the life quality of its
inhabitants.
One of the great failures of Bucharest administration is
linked with insufficient green spaces. It is a real "crisis" which was accentuated after 1990 - when the "fever" of
construction significantly reduced the "green" urban
environment.
The purpose of this application is to create a basis for
inventory of green spaces in the Lacul Tei Boulevard, which
will be constituted as an informational GIS system. This
database includes:
- The inventory of green areas with analysis and functional
connections;
- Qualitative and quantitative description of vegetation;
- Highlighting the type of property and administration type.
The inventory will result in a proper management of green
spaces with the potential implications on the quality and
safety of life, ensuring the creation of a monitoring system
of green spaces and degraded land. The advantage is that –
based on this inventory – all these pieces of land can be
recovered as green spaces, to ensure environmental quality,
as well the health of the population.

Keywords
GIS analysis, informational system, green spaces,
functional relationships, ArcGIS, spatial analysis,
development
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The green represents the living element, must be considered
the guard element which has a significant role of control in
the city’s image.
"Public space is an essential part of urban heritage, a strong
element in the architectural and aesthetic appearance of the
city, plays an important, educational role, is ecologically
significant, it is important for social interaction, supports
community development and it is encouraging for the
objectives and economic activities.It has an important role in
the provision of the facilities for the recreational and leisure
needs of the community and has a major value in improving
environmental conditions, helps economic revival of cities,
not only by creating jobs but also through an increase of the
city’s attractiveness, as a place for investment and business
and residential areas in demand.” (Recommendation on Urban
Space 86/11, 1986, quoted in urban green space and Parks,
CIWEM)
However green spaces offer a variety of benefits in terms of
environmental, social but also economic and the present
application helps their maintenance and development.
“Informational System of Green Spaces using GIS is an
application which can provide any user information about the
health of the vegetation from an area of interest ((in this case
the perimeter bounded by Lacul Tei Boulevard, Barbu
Vacarescu Street respectively Ștefan cel Mare Road). Also,
this application can be a source of information for
organizations that are primarily designed to protect the
environment by maintaining the health of vegetation in green
areas.(http://www.spatiiverzi.org.ro/).
This database can serve the real estate system by providing
information on the environmental quality to the potential
buyers of properties in a given area.
The application created can be also used as support for the
inventory system of green spaces. (REGVER). Evidence aims
to organize their rational use, effective regeneration and
protection of them, with exercising the systematic control of
qualitative and quantitative changes, as well as providing
information about the green spaces.

30

Journal of Geodesy, Cartography and Cadastre
2. Green spaces problem
The restriction of green spaces in urban ecological risks
strongly accentuates the negative impacts of the quality of
life and health status of the population. Bucharest has a net
loss of green space average surface, i.e. 9,67 m2/ inhabitant,
compared with the standard of the European Union which is
26 m2/inhabitant.
It is estimated that Bucharest has lost since 1990 and to
date, over 1.5 million trees, green areas extinction rate is
estimated at 100 ha / year, which explains halving the green
spaces of the capital’s city area (National Journal no. 4658 /
April 24, 2008, p. 5).
The term green space is defined as – “the green zone
within cities and municipalities, defined as a system of seminatural ecosystems whose specificity is determined by
vegetation (wood, tree, shrub and herbaceous Flowery)”
(Law 24/2007) “which contribute to improving the quality7.
of urban environment, by satisfying the need for recreation
and rest of the urban population, by producing oxygen and
absorbing pollutants from urban air by changing the
aesthetic appearance and improving the microclimate”
(Dinca C., 2008).
Negative aspects affecting the quality of life of the
population of Bucharest city leads the reputed architect
Gheorghe Leahu to call it "a maimed, assaulted and
humiliated city", in which "We the people are marked by
urban chaos that surrounds us, of noise pollution, of
destruction of green spaces...." (Romania free no. 5660/14
October 2008, p. 5).
In Europe, on 11 January 2004 the European Commission
adopted the Communication COM (2004) 60 "Towards a
Thematic Strategy on the Urban Environment" which
defines the Commission's ideas on the Thematic Strategy on
the Urban Environment which was adopted in December
2005. Communication identifies the problems facing
Europe's urban areas, focusing on four priority themes:[6]
- evironmental management in urban areas, addressing
issues such as the role of (NGOs) and civil society in local
planning new administrative systems;
- urban transport refers, inter alia, the issue of transport
management, general trends in the evolution of traffic;
- sustainable construction concerns the legal basis on
building regulations, effiency in using energy and
resources, etc.;
- the urban design concerns, for example, the issue of
green spaces, the relations between central cities and
suburbs, the state of historical buildings.
In the Member States of the European Union, the issue of
green spaces is regulated by specific legislation and by the
decisions and actions of local public administration.
Internationally, the need for regulation of green spaces in
urban areas is provided in the documents and in
international conventions such as:
- Brundtland report (1987) that extends the concept of
sustainable development and management of cities, and the
ONU General Assembly recommended that Member States

should provide at the basis of their national strategies and
policy the principles and the criteria of sustainable
development.
- Agenda 21 (Rio de Janeiro, 1992) detailing the actions
that must guide the concerns of local authorities in shaping
the city's prospects;
- The Istanbul Declaration, signed at the United Nations
Conference on Human Settlements (Habitat II) in 1996,
establishes the need for the sustainable development of
human settlements in a world of increasingly urbanized.
International Conventions to which Romania is a party,
namely:
-The International Convention for the protection of
vegetation, Rome 6.12.1951;
-The Convention concerning the protection of European
landscapes, Florence 2000.

3. Solving the problem
Computerized solution for the management of lands with
green destination is constructed as the management
information system of urban GIS [1] in accordance with
provisions of the normative acts concerning the management
of green spaces in urban areas.
It has as general objectives the providing of information for:
• protection and preservation of green spaces to maintain
their biodiversity;
• maintenance and development of the green spaces
protection on maintaining landscapes in order to protect
public health, environmental protection and to ensure the
quality of life;
• regeneration,
expansion
improvement
of
the
composition and of the quality of green spaces;
• development and application of a complex of measures
for bringing and maintaining green spaces in in the proper
condition of their functions;
• identification of deficient areas and carrying out works
for the expansion of areas covered with vegetation.
IT solutions goals:
• creating geospatial database of green spaces;
• development of some opportunities of analysis to
identify lands with green space, deficient areas in order to
establish the necessary of improvement works;
• identification of degraded areas;
• information regarding the correlation between the green
spaces with urban development projects;
• track of planting, cutting / pruning activities and works
specific to the management of green fond of the municipality
of Bucharest;
• create a database containing isolated and protected trees;
• proposals of planting some shrubs, with protection role
against pollutants from cars.
Legislation:
• Law No. 24 of 15 January 2007 on the regulation and
management of green spaces in urban areas; [8]
• Order No. 1549 of 4 December 2008 on the approval of
the technical Rules for setting up the Register of local green
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spaces; [9]
• Law No. 313 of 12 October 2009 amending and
supplementing Law No. 24/2007 regarding the regulation
and management of the green spaces in urban areas. [10]
The concept of urban management information system [5]
of green spaces (Fig.1):

occupied area of green space owned or managed by an entity,
information can be grouped by owner, administrator, type of
property. In Fig. 2 is highlighted function "Query Builder"
with which has been made a classification of green spaces
depending on their address, the result is shown in Fig. 3.

Fig. 1.Concept of urban management

The general functionalities are:
• introduction functionalities and update of geospatial
database containing lands with green spaces destination;
• visualization functions of green spaces superimposed
over he basic plan of administrative territory in vector
format and combined with rastrer data sets; [2]
• functionalities of analysis and filtering of the lists
containing green spaces.
The specific functionalities are:
• input type Hyperlink external links;
• identification of lands destined for green space and
their associated data analysis, address, delimitation of green
space, and view the site map of green spaces. The
application allows the user to identify a field by easy search
engines depending of the user requirements. Includes
facilities to respond to various questions, such as:
• Where is the object A located?
• Where is the position of A to the position of B?
• How many appearances are of type A, the maximum
distance D to B?
• How big is B (surface or area, perimeter, number
comprised etc.)?
• What is the result of the intersection of different types
of spatial data?
• What is in the points X 1, X 2, ...?
• What objects are near the objects that have certain
combinations of attributes?
• Reclassify the objects that have certain combinations
of attributes. [5]
Queries - examples
• The management of the land with highlighting keepers
and owners, with the outlining the type of property and the
way of managing the lands- allow users to view the owners,
the management of green space, the type of the property.
Based on this information it can be indentified any time the

Fig. 2.Function Query Builder

Fig. 3.The result of query

• management of built-up areas, arteries, alleys and
sidewalks;
• geospatial data management specific to green spaces all the information contained in the green space sheet, are
introduced in database, using separate fields, differentiated
by the type of green space (park, sports, square, street
alignments), and are associated to the lands which have green
spaces destination, to keep in touch with the identification
data of the land;
• data management concerning the existing vegetation on
the green space land;
• data management specific to the isolated and pretected
trees concerning the location, the specie, diameter, stem and
crown, height, degree of grooming, age, presence of diseases;
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The application allows to do geospatial analysis for the
identification of :
• built-up areas, the traffic arteries, of pathways;
• lands defined as green spaces;
• distribution of trees;
• detailed information retrieval (Fig. 4) on:
• existing vegetation by species, location, diameter,
height, degree of maintenance (100% trimming, 75%
trimming, 50% trimming, 25% trimming), disease (yes / no),
crown diameter, property type (public / private ), age, type
(isolated / hedge / shrub / hedge);
• green areas by owner, property type (public /
private), address, land state (land degraded, land under
development, good land, land proposed for landscaping,
playground refurbished).

diagrams or text in order to:
a) database maintenance;
b) regular updating of local Register of green spaces;
c) ensuring decisional support of public authority in the
management of village green fund, cutting, trimming,
replanting, etc.
d) provision of a record and track of documentation
related to the activities of cuttinggrooming or other
administrative measures specific to the village green fund
management.

Fig. 4.Detail information

It was made a classification according to the number of
trees on the green space (Fig. 5), the light colour
representing the green spaces that include a smaller number
of trees, intensifying with the increasing of their number.

Fig. 6. Thematic Map

Fig. 5. Classification according to the number of trees on the
green space

In figure 7 is presented the approach of information for
solving the proposed application.
In terms of organization and modeling of data structures
we started from the provisions of Order No. 1549 of 4
December 2008, concerning the approval of technical rules
for setting up the local Register of green spaces.
Pursuant to Law no. 24/2007, track green spaces aims
organizing their rational use, their effective protection and
regeneration, with the exercise of systematic control of
qualitative and quantitative changes, insurance enterprises,
institutions, organizations and citizens with information
about green spaces.

Based on the data and information collected will be
generated graphical reports [12], thematic maps (Fig.6),
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Fig. 7. The base model.

The main objectives provided by developing local
registers of green spaces, [4] according to Law No.
24/2004, are:
a) protection and preservation of green spaces for the
maintaining of their biodiversity;
b) maintenance and development the functions of protection
of green spaces concerning waters, soil, climate changes,
landscape maintenance in order to protect public health,
environmental protection and quality assurance of life;
c) regeneration, expansion, improvement of composition
and quality of green spaces;
d) development and application of a complex of measures
concerning bringing and maintaining green spaces in the
proper condition of their functions;
e) identification of deficient areas and carrying out works
for expanding the areas covered with vegetation;
f) enlargement of the areas occupied by green spaces
through the inclusion in the public green spaces category
of lands with ecological or socio-cultural potential.
In accordance with the Law No. 24/2007, the scope
of the present technical norms include :
a) green spaces located on the lands belonging to the
public/private domain from built-up area;
b) lands in built-up area may be rehabilitated and
redeveloped as green spaces;
c) isolated trees (diameter, height) planted beside traffic
arteries, on the lands of educational institution, housing
kits, small-scale places of worship, cemeteries and others
too;
d) protected trees, regardless of health status and their
dimensions.
A conceptual model of the database for the green spaces
register, is represented in Fig.8.
Through this project, is pursuing the inventory and the
transposition on the map in GIS format of green spaces and
of existing trees species in Bucharest, as well as the
qualitative and quantitative characteristics of these.

Fig. 8. The conceptual model.

This project represents a step in the sustainable
development of the municipality of Bucharest having direct
effects in ensuring a healthy and consistent environment
under the functional and cultural report, in terms of
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preserving the balance towards natural capital resources in
the area.
Creating a network of green spaces in connection with
the ecosystems of the territory, and raising the standard of
living in urban areas, are among the most important
strategic objectives of sustainable development, balanced
and healthy in the urban areas.
The importance of this project derives from the
necessity of a management system of green spaces [12] and
existing tree species in the municipality of Bucharest, for a
better management of their potential, with implications on
both the ecological balance (ecosystems) as well as the
safety and quality of life of the inhabitants of the
municipality of Bucharest.
In Bucharest there are about 40 parks, some of which,
by their landscape or historical value, confers identity to
this great city. [7] In addition to these, there are also
numerous small green areas, so-called squares, which
represent a category of urban "green", with unlimited
access, frequented or crossed by many inhabitants of the
capital.
The main objectives which are intended to be tracked by
using the present application are:
• identification of green spaces which are in disrepair to
propose a proper fitting;
• identification of the lands for which is requested
sanitation;
• identification of degraded forest vegetation, which
require special care an grooming, as well as the
identification and the maintenance of protected trees;
• making proposals for better planning and equipping of
some parks;
• complaints about cutting the trees of green space of
streets and between blocks in the purpose of arranging
parking and proposals in order to avoid complete
destruction of the green space;
• proposals for setting up new green spaces;
• proposals to plant some shrubs, with protection role
against pollutants from cars.

4. Conclusions
By the data and the specific functions, geographic
information system is an indispensable tool in urban
management from the perspective of a decision support
system.
Processing and synthesizing information [11] from the
spatial database offers clues and indicators needed to
understand the existing situation which together with
analysis and simulation applications support urban planning
on the short term, medium and long and at the same time
allow space views useful for understanding by lay persons in
the urban of spatial elements necessary for decisions.
By using GIS data can be more easily managed, modified,
supplemented, can achieve further changes. [3]
GIS database can be managed on a dedicated server, where
the information can be viewed and edited concurrently by

several users, so that it matches the reality on the ground.
Database attributes can be developed with new types of
data, linked in relational way database, which can help to
achieve specific queries that generate the final new maps.
Information system of green spaces as result of work
measurement, identification, inventory and mapping of
defined lands as green spaces and to collect specific
information on species of existing vegetation and trees, with
the determination of qualitative and quantitative indicators,
will include digital map type GIS, database on green spaces,
specific nomenclatures lists.
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Abstract
3D modelling is the process of reconstructing the shape and
dimensions of an object for further use and proccesing. The
main technologies used in measuring include total stations,
GNSS, imaging sensors, laser scanners or LiDar systems..
By using close-range photogrammetry and the
Photomodeler software we will present the steps for
obtaining a 3D model of the Lutheran Church in Bucharest
and will discuss the advantages and disadvantages of this
method.
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1. Introduction
In the last two decades, digital close-range photogrammetry
has found many ways for extracting geometric data from
objects, combining technologies such as CAD, digital image
processing as well as graphic and 3D modelling software.
Dimension of the objects varies from small biological cells up
to large buildings and archeological sites.
Applications of close-range photogrammetry can be found
in areas such as archeology, architecture, medical field, crime
scene investigations, industry, etc. The methods and
techniques used in aerial photogrammetry, which are well
developed and understood, have been adapted to close-range
photogrammetry.
Images offer a large amount of information about real-world
objects and using them in the modelling of virtual realities
result in the increase of overall quality of 3D models.
The advantage of using this method is that the field
operations are limited only to image acquisition ( and in the
case of an absolute positioning a topographic survey can be
executed for obtaining control points). The main processing
can be done afterwards, because the geometry of the object is
stored in the photos. In this case, if a building is damaged of
destroyed and photos of it are available, photogrammetry
could provide enough data for the reconstruction.
This paper presents the steps of obtaining the 3D model for
the Lutheran Church in Bucharest [Fig. 1]. The construction
began in 1851, being a basilica-type hall, and the interior is in
the shape of a rectangle with balconies around it.
Obtaining the textured 3D model means the complete
process which starts with data acquisition, continues with
geometry extraction and finally the resulting virtual model
viewed using a computer.
The main aspects which should be considered in the first
phase are determining the camera positions around the object,
the need of coded targets and camera calibration.
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results, it is recommended to photograph the calibration grid
in the same enviroment where the images of the object are
acquired, thus compensating the effects of temperature and
humidity on the camera.

Fig. 1 Lutheran Church in Bucharest

A successful software for close-range photogrammetry is
Photomodeler Scanner, developed by EOS Systems Inc.
from Canada. It's a Windows based system and allows the
measuring and transformation of images into 3D models. It
also includes a feature for camera calibration.
Fig. 3 Automated recognized targets

2. Camera calibration
A non-metric camera is the one whose inner orientation is
unknown or partially known and is characterized by the lack
of reference indices.
To perform this step, the program generated a 2D coded
grid which was positioned on a plane surface and
photographed with a camera mounted on a tripod [Fig. 2].

After the automated calibration we obtain the camera
parameters for the focal lenght used. These parameters are
focal distance, coordinates of the principal point, radial
distorsion coefficients (K1, K2, K3) and the coefficient for
the lens optical axis eccentricity [Fig. 4].

Fig. 2 Coded target calibration multisheet

Three calibrations where executed, one for each focal
lenght used. The camera was positioned on each side and
have been acquired images in the following sequence: four
images oriented Landscape, four images oriented Portrait
(camera turned to right) and four images oriented Portrait
(camera turned to left) [Fig. 3]. Twelve images were
acquired in total, the main purpose was so that the grid
would cover as much of the surface of the sensor. For better

Fig. 4 The results for the 18mm calibration

The best calibration was achieved for the 35 mm focal
lenght, resulting a 0.12 pixels overall residual RMS, with a
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photo coverage of 86%.

3. Data acquisition
The data required for achieving this model split in two
categories: photogrammetric data ( required for measuring
the points of the model) and survey data (for scaling the
model).
In most cases using a single pair of photos isn't enough for
reconstructing a complex building. Therefore, a large
number of overlapping photos will be used for the desired
object.
There were selected 55 images from the camera [Fig. 5].
These were acquired only from eye-level (at around 1.8
meters above ground), in this case many superior parts of the
building couldn't be photographed resulting in "hidden"
parts of object.

Fig. 6 Photos taken using 18 mm focal lenght

Because of the size of the building, we couldn't use coded
targets, because there needed to be positioned on the entire
surface of the building. In that case, correspondent points on
the photos will be selected manually.
Another aspect which was taken in consideration was the
lighting of the object and avoiding shadows. For this reason
the data acquisition in the field was held on a cloudy day.

Fig. 5 Camera positions

The nearby building made the work difficult in achieving
the best angles of the photos and some of them don't cover
the entire object. The shape of the object and the presence of
some natural obstacles gave the need of using several focal
lenghts in acquiring the photos. These focal lenghts are:
- with the lens at 18 mm focal lenght for the whole
building including parts of the tower [Fig. 6]
- the 24 mm focal lenght in order to photograph the main
facade of the
- the 35 mm focal lenght to photograph the details on the
tower.
The format used for the photos is JPG, with the resolution
of 4608x3072 pixels. The greater the resolution, the better
we could mark details as control points precision. The
acquisition was made using the same configuration of the
camera, in "Manual" mode.
For scaling the object, lenghts were measured on the
object. There were measured the witdh of three windows
with the values: 142 cm, 142 cm, and 214 cm [Fig. 7].

Fig. 7 Lenght measured on the builduing

4. Constructing the 3D model
All the inserted images were programmed to idenfity and
use the parameter set for their respective focal lenght. For
bringing the photos to an optimal form, the "Idealize Project"
feature is used. In this step, the camera distorsions are
eliminated, the pixels are made square and the principal point
is brought to the center of the image [Fig. 8]. The smaller the
focal length, the greater the distorsions.
The reference points were selected manually and represent
corners of the building and details easy to identify and mark.
Between two adjecent photos the correspondent points will be
marke. After this process the program goes into orienting the
photos.
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Fig. 8 Idealized image

To determine the outer orientation three control points on
the object are needed.
The adjustment of the project is iterative, and the software
does this using the "Process" command. If the control points
haven't been marked correctly, proccesing will fail [Fig. 9].

Fig. 9 The result of the proccesing
Fig. 10 Outer orientation parameters for photo 1

The proccesing report show us information about the outer
orientation parameters for each photo in the project. Also,
the residuals of the control points are offered [Fig. 10].
For obtaining the final model, we have considered dividing
the project into two sub-projects. Because we used a 35 mm
focal lenght for the modelling of the tower, these photos
were taken with a good coverage for the lower part of the
building.
Using the connection points from both sets, we managed
to integrate and orient the images of the tower in the rest of
the project.
After orienting all photos, the next step is the solid
modelling of the object through marking details and drawing
lines, which result in polygons used for creating textured
surfaces [Fig. 11,12].
Using the "External Geometry" feature we attach the
length measured on the real object with the line in the
model. This step brings the model to its natural scale. For a
better constraining the model three such lenghts were
measured and associated to their respective lines [Fig. 13].
In the "3D Viewer" the result of the modelling can be
viewed. Photomodeler has the following viewing options:

points and lines [Fig. 14],

wireframe,

shaded [Fig. 15],

fast textures,

Quality textures.

Fig. 11 Extracting geometry features from the photos

Fig. 12 Extracting geometry features - detail
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programs which work with 3D models, and most of them
recognize the formats exported by Photomodeler.

Fig. 13 Scaling the object

Fig. 15. Viewing the model with shaded surfaces

For each surface an original texture can be associated ,
choosing in the Properties Panel the photos which is used
for extraction [Fig. 16].

Fig. 14. Viewing the model with points and lines

The results of the solid modelling are:

2D orthophotos

3D model with lines and textured surfaces [Fig.
17]

point coordinates list
Exporting the data can be done in the following formats:
AutoCad 3D, 2D (.dxf) [Fig. 18], 3Dstudio (.3ds), VMRL
(.wrl), Rhino (.3dm), Maya Script (.ma). This allows for
transferring the model into a 3D software, where it could be
used for various purposes, such as shaping virtual realities
for web pages or even an urban GIS. There are numerous

Fig. 16 Adding real textures to each surface
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Fig. 17 The main facade with real textures

Fig. 18 Exporting geometry in .DXF format

5. Conclusions
Despite other technologies, such as terrestrial laserscanning, close-range photogrammetry offers a fast and
cheap alternative. The main advantage is the short time of
data acquisition. In the field, we should consider that
acquiring the photos should not be affected by the presence
of large objects nearby which could reduce the field of view.
For a quality digital model, we recommend using many
geometric constraints and there should cover all the surface
of the object.
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