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PREFACE

This Collection contains the reports meant for th
Symposium "Modern Technddrodieess,  oBdlc dPtriacrt i aed i n
Fields" ,iB0bfNov,ember 2025.

I n a generated form, after the preface, t he orde
presented, which is also consistentywathtdgnlams$t
The content of the Collection accurately reflects
during the symposium are digitally presented in t
program appearnedepouthpaesented but only a digita
a report presented, a title included in the progr
cont ent of the Collection reflects, following the
Theeports reflected in the Collection are present
of Requirements and a template for publishing ar
Management" and are adoptetdhfotUniloe of hSurpelbirsal
in Bulgaria (USLMB). This should unify and i mprov
and facilitate the preparation of their publicat
USL MB) .

Al gn wi th this, t he reports refl ect t he rel evan
interdisciplinary technologies, especially geospa
i n geodesy and related fieldsongt wihdeé ¢mecisfeirci o
devel opments of the symposi um, many applied ones
and gl obal probl ems presenterdelay edpdadiedldiss tosf fernc
science, anda®twell nas ubye,young specialists and s
Th Col |l ect i onb-yceoarrt itnruaedsi ttihoen 3f covering the ann

w h
ev

ch, together with this in the history of the |
ntsthe geodetic, scientific, technical, and en

Th

e
[
e

El ements from t he desSwemr eofadtohpet eQ@o Iblye ctthieoamnfe0 Z20@mMp
e compilers of the Collection exprnmpsd itnlgeitrheg rC
0

provided to them by: tbhre. Chrag.r mamam fKdlheh &G ZBand t
-Eng. Stanimira Stoyanova, as well as the authors
Sofi dl. 22D2.5 Corresponding MembEdi todr BAS,
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REAL-TIME GNSS POSITIONING: CURRENT CAPABILITIES AND FUTURE DIRECTIONS

PhD. Cand. Bilal Mutlu, Prof. Dr. Serdar Erol, Prof. Dr. Reha Metin Alkan
*Geomatics Engineering Depart me n't , Kstanbul Technical un i

SUMMARY

Real-time GNSS techniques offer three-dimensional positioning with accuracies ranging from meters
to centimeters, depending on the method employed. For high-precision applications, Real-Time
Kinematic (RTK) and Network RTK (NRTK) techniques have been widely used for many years,
achieving centimeter-level accuracy after a short initialization time. Their performance, however, relies
on the availability of dense geodetic infrastructure, including continuously operating reference stations
and reliable communication links such as radio, GSM, or internet connections. Sparse reference-station
coverage, communication outages, and geographic or topographic obstructions may therefore restrict
their applicability.

To overcome such limitations, satellite-based augmentation methods have been developed to deliver
real-time corrections without dependence on local communication networks. Early systems, such as
WAAS/SBAS broadcast code-based corrections, offered meter-level accuracy that is inadequate for
higher-precision requirements. The need for high-accurate methods has led to the development of the
real-time Precise Point Positioning (PPP) method, which also uses carrier-phase observations. The
streaming of the real-time precise satellite products by global GNSS analysis centers enabled the
implementation of real-time PPP (RT-PPP). Although RT-PPP reduces reliance on local reference
networks, it still requires continuous and robust high-rate data transmission, making it vulnerable to
poor or unstable communication conditions.

Building on these advances, several commercial companies have started to provide real-time PPP
services to worldwide users. These services generate real-time precise orbit, clock, and bias products
using globally distributed reference networks, as well as atmospheric parameters obtained from
regional reference networks. These corrections are then broadcast via L-band satellites or terrestrial
communication (internet/GSM). As a result, the L-band supported RT-PPP services offer a flexible
solution that enables seamless real-time 3D positioning even in areas without an internet connection.
However, the equipment required for RT-PPP using commercial services is generally more expensive
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and requires subscription fees, and the solution may be limited at high latitude areas where L-band
communication satellites cannot be seen.

Beyond commercial systems, some GNSS constellations broadcast corrections directly through their

own satellites, thereby avoiding t he need for external communi cati

Quasi-Zenith Satellite System (QZSS) Centimeter Level Augmentation Service (CLAS) transmits
regional high-accuracy corrections via an additional signal channel, providing decimeter- to centimeter-
l evel accuracy for both static and ki ne masysiem
similarly distributes regional corrections through its B2b service satellites, enabling multi-GNSS RT-
PPP with sub-decimeter to decimeter accuracy after moderate convergence times.

Unlike these regional approaches, the Galileo satellite system offers a Galileo High Accuracy Service
(Galileo HAS) that transmits real-time orbit, clock, and bias corrections directly within its navigation
signal structure, providing global coverage. This service covers all areas where Galileo satellites are
visible and permits the combined processing of Galileo and GPS observations. The initial operational
phase provides global RT-PPP corrections for several frequency bands, while future stages aim to
incorporate atmospheric corrections to accelerate convergence -particularly in Europe -and improve
overall reliability. The service provides accuracy better than 20 centimeters horizontally and 40
centimeters vertically after a convergence time of several minutes. Real-time positioning is achieved by
applying the broadcasted corrections within a PPP algorithm executed on the user receiver.

In conclusion, modern GNSS real-time positioning methods demonstrate that achievable accuracy is
fundamentally linked to the content of the corrections and the external infrastructures, such as reference
networks and strong communication. Code-based augmentation systems enable robust meter-level
positioning with wide accessibility, whereas carrieri phasei based techniques, such as PPP and RTK,
provide substantially higher precision. Infrastructure-dependent methods -particularly network RTK-
yield the most rapid convergence and centimeter-level accuracy but require dense reference networks
and reliable communication channels. In contrast, local infrastructure-independent RT-PPP techniques
prioritize global applicability and operational autonomy. Still, they typically involve longer convergence
times that depend on the content of the corrections, the used GNSS constellations and frequencies.
Overall, the comparative analysis of these methods indicates that no single approach is universally
optimal; instead, the choice of positioning strategy should reflect application-specific requirements,
environmental constraints, and the practical balance between accuracy, availability, reliability, and
infrastructure dependence.

Keywords: GNSS, Real-Time GNSS Positioning, Real-Time Kinematic/RTK, Real-Time Precise Point
Positioning/RT-PPP, Galileo High Accuracy Service/HAS

Table: Summary and characteristics of Real-Time GNSS positioning techniques.

Accuracy . Convergenc Internet
Method (2D) Requirements Coverage e Time Needed
. None
SPP 5110 m (Absolute) Global Instant
Regional
e SBAS satellites (e.0.
WAAS/SBAS 1i3m (Absolute) WAAS, Instant
EGNOS)
Single- Base station nearby Local
ng ~1i5cm and radio link (~10i 20 Seconds
baseline RTK )
(Relative) km)
CORS network,
Network RTK | ~1i3cm Control center, Regional Seconds
Strong
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Accuracy . Convergenc Internet
Method (2D) Requirements Coverage e Time Needed
communication
(Relative)
Internet connected
Internet- and PPP-client
based ~5i 25 cm installed GNSS Global 51 30 min
RT-PPP receiver
(Absolute)
Subscription, L-
Commercial band supported and
L-band based | ~2i5cm | PPP-client installed Global 17 10 min
RT-PPP GNSS receiver
(Absolute)
Navigation PPP client and
Satellite- . Decoder installed | Regional / ’ .
broadcasted 10730 em GNSS receiver Global 5130 min
RT-PPP (Absolute)
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GEOID/QUASIGEOID FOR THE TERRITORY OF THE REPUBLIC OF BULGARIA
Corr. Memb. Prof. Dr. Eng. Georgi Milev (SRTI-BAS)
SUMMARY

The problem of deriving a complete and correct model of the geoid/quasigeoid for the territory of the
Republic of Bulgaria has not yet been solved. The works on the world, European and the requirements
for the derivation of local geoids are briefly presented. The known works carried out for determining the
geoid/quasigeoid and their current status are summarized in our country. Possible solutions to the
problem and the latest attempts to provide funding and a solution to the problem are presented.

Keywords: World, regional and local geoid, geoid/quasi-geoid model for the territory of the Republic of
Bulgaria, implementation, solutions, finances.
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READJUSTMENT OF THE THIRD LEVELLING OF BULGARIA (1975-1984)
Asso c. Prof. PhD Eng. Vasil Cvetkov, UACEG

SUMMARY

The primary objective of this study is to present a modern methodology for adjusting precise levelling
networks, based on statistical principles and free from outdated stereotypes about the accumulation of
errors in levelling measurements. The input data used in the study are results from the Third Levelling
of the Republic of Bulgaria (1975i 1984).
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An algorithm consisting of three main steps is examined:

1. Selecting those values between the two measurements of height differences between the
endpoints of levelling lines and their arithmetic mean that minimise closing errors in levelling loops.

2. Defining weights for the individual height differences based on their actual influence on the accuracy
of the network.

3. Final adjustment of the network as a free network (without a predefined datum point), using the
selected height differences from Step 1 and the weights from Step 2.

The results obtained at each step are compared both among themselves and with results from a
classical adjustment approach, which uses the arithmetic mean of measured elevation differences in
the lines and assigns weights inversely proportional to the lengths of the levelling lines.

The analysis reveals that each of Steps 1i 3 results in a statistically significant improvement in
adjustment accuracy. The confidence level of the conclusions exceeds 95%. The most critical step in
improving adjustment accuracy is Step 11 selecting the input data for adjustment. Step 3 ranks second
in importance.

Applying the proposed algorithm results in root mean square errors in the adjusted benchmark heights
ranging from 2.17 to 3.01 mm. For comparison, the corresponding RMS errors from the classical
adjustment method range from 7.19 to 16.43 mm.

Keywords: geometric levelling, reference systems, ocean level differences, adjustment

1. INTRODUCTION

Precise geometric levelling is a fundamental method for establishing national and continental height
networks of the highest class. As of now, Bulgaria has completed three measured and adjusted levelling
cycles, and the final fourth cycle is nearing completion and adjustment. Typically, each cycle takes
several years of intensive and monotonous fieldwork to carry out the levelling measurements. Achieving
reliable results from levelling measurements depends not only on the methodology and precision of
the measurements themselves but also on their subsequent processing. Recognizing the importance

of this, the adjustment of Bl984gvasperfartned intsdvaral vérsiong v e | |

- five different parametric adjustments and one conditional adjustment of the network as an independent
system, using benchmark VNR 28 (Varna) as the origin [1]. The five parametric adjustments of the
network mainly differ in the number of included polygons, the number of specified benchmarks, and the
selection of those benchmarks [1]. In all adjustment variants of the network, formula (1) was used,
where L is the length of the levelling line in km.

1o o,

The achieved accuracy for 1 km of levelled distance after the network adjustment in the various versions
ranges from Ni1.21 mm/ km to Ni1.43 mm/ km. The

benchmarks between the different versions vary from 2 to 12 mm [1]. However, nowhere in the work of
Burilkov and Vuchkova is there any mention of the obtained mean square errors of the adjusted

di

el evations of the key benchmar ks i n td4hRespitehiswier k ,

authors conclude that the best version of the network adjustment (as an independent network with the
century fundamental benchmark CFB 28 in Varna) has established a modern, solid elevation base that
spans the territory of the country. The experience gained from Bulgaria's Third Levelling has also served
as the foundation for the two most recent national levelling guidelines [2], [3].

However, it should be noted that many of the specifications laid out in these guidelines [2, 3] do not
align with the actual data from first-order levelling & both in Bulgaria and in other countries [5, 8, 9, 12,
13, 17, 19, 22] when processed using modern methods of mathematical statistics and probability theory.
The most significant of these discrepancies are discussed below.
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1.1. Heteroscedasticity problem or the relevance of the classical weights [1]

AccordinginemKpdpri 52], Athe errors are divided
which are assumed to be independent of each other. The accidental errors are caused by sources that
are independent in all successive observations and obey the laws of Gauss. The systematic errors are
due to causes acting similarly on successive or adjacent levelling observations; these do not obey the
laws of Gauss. They become accidental only for distances exceeding a certain limit Z of the order of
several tens of kilometres. The total error is the combined influence of both types of error and is
calculated for distances longer than the above limit as the quadratic sum of the accidental and
systematic errorso. This popul ar beettaintes is vadelp used
in many scientific studies [15-16, among others] where levelling data is processed.

However, some modern studies [5, 8-9, 19] reveal that do not support the above belief. According to
[5], the coefficients of determination R? of the absolute closing errors |[W| concerning the loop
circumferences L or the square root of the loop circumferences L%° in the case of the Second Levelling
of Bulgaria /1953-1957/, the Third Levelling of Bulgaria /1975-1984/, The Second Levelling of Finland
/1935-1955/ [17], the Third Levelling of Finland /1978-2006/ [22], are 0.20, 0.12, 0.05 and 0.00,
respectively. According to [19, Fig. 8], the correlation coefficient R between loop lengths and their
absolute closing errors in the Fourth Precise Levelling Campaign of Poland /1999-2003/ is 0.12. This
means that the determination coefficient R2= 0.01. Thus, in very few percentages, usually below 20%,
the variance of |W| can be explained by L or L°%. We have a similar situation according to the
relationship between the absolute values of line discrepancies |D| and L or L%°. The coefficients of
determination of |D| to L°® are 0.54, 0.27, 0.36, 0.27, and 0.17, respectively for the Second Levelling of
Bulgaria /1953-1957/, the Third Levelling of Bulgaria /1975-1984/, The Second Levelling of Finland
/1935-1955/, the Third Levelling of Finland /1978-2006/, and the Fourth Precise Levelling Campaign of
Poland /1999-2003/. The main reason for the low determination of |W| and |D| concerning L or L%® is
the presence of heteroscedasticity in this relationship. Fig. 1 illustrates this fact, referring to data from
the Third Levelling of Bulgaria.

Discrepancies and misclosuresin the Third Levelling of Bulgaria
£ . .
E L]
.E L]
w0
Q@ 3 .
=
© . .
= L]
@
E . .
[+} . .
[72]
e
< 1 . *
10 13 23
Sections
Square Root of the Length in km Lines
« Loops

Fig. 1. Line discrepancies and closing errors in the Third Precise Levelling Network of Bulgaria /1975-
1984/ [8].

Taking the above facts into account, the nonsense of the weights (1) is obvious. Thus, some more
relevant weights of levelling measurements exist [5], [9], [13], [20], among others.
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1.2. Initial adjustment data problem or the properties of t he mean of two observations

Another major drawback of the classical adjustment method for precise levelling networks is the use of
the arithmetic mean of the two measured height differences between the endpoints of a levelling line.
Of course, suppose we assume that both measurements of each height difference follow the same
distribution with a standard deviation of @. I n t
wi || have a st andar 2-13]dHowdve,tthis tact byd me@ns impliésithatthke true
error of the arithmetic mean of the two measurements is smaller than the true error of either individual
measurement. In reality, the probability that the true error of the arithmetic mean of two random
observations is smaller than the true errors of both observations converges to 33% if the distribution of
the observations is uniform. In the case of normally distributed observations, this probability is even
lower, under 30% [10 i 13]. Fig. 2 illustrates this point using the closing errors in the loops from
Bulgaria's Third Levelling.

Closing Errors in the Third Levelling of Bulgaria

® Cloclwise Closing Error - Wa Counterclockwise Closing Error - W2Mean of W1 and W2
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Fig. 2. Closing errors in the Third Precise Levelling Network of Bulgaria /1975-1984/ [8].

Therefore, the use of the classical adjustment approach, which relies on arithmetic means of elevation
differences in levelling lines, constitutes a systematic error in processing the available data. Instead of
improving the final results of the adjustment, it worsens them, both in terms of accuracy and reliability.

1.3. The choice of a datum point

Investigations into the geodetic network adjustment problem [18-20, among others] have shown that
some parameters estimated using the Gaussi Markov model are invariant considering the choice of
datum point. These include the a posteriori variance factor (0 |, the adjusted observations (I ), @nd the
corrections (0) to the original observations (. However, other crucial parameters, such as the cofactor
matrix of the adjusted coordinates and/or heights (0 ), do depend on the datum. As a result, the
standard errors of any quantities derived from the benchmark uncertainties (e.g., vertical and horizontal
displacements, geoid or quasi-geoid determinations) are also affected. Therefore, selecting an
appropriate datum point in national reference systems should not be based solely on the assumed
stability of the point, but also on its location within the network. The impact of the datum point on the
benchmark uncertainties, considering the Second Levelling of Bulgaria [14], is shown in Fig. 3.
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Fig. 3. Benchmark mean standard errors in the Second Levelling of Bulgaria regarding datum points.

According to Fig. 3, the least mean of the benchmark standard errors can be obtained when the datum
point is located in the benchmark mass centre. The farther the datum point is from the benchmark mass
centre, the greater the uncertainty in the benchmark heights.

According to many Bulgarian researchers [1, 4, 16, among others], the most suitable datum point in the
Bulgarian Levelling Networks - namely the First (19207 1930), Second (1953 1 1957), and Third (1975

T 1984) is considered to be the century fundamental benchmark CFBM 28 in Varna. However, given

that this benchmark is situated at the periphery of the network, its use as a datum may not be ideal.
Moreover, GNSS data from the 1GS14 reference point VARN, located at the Public Astronomical
Observatory & Planetarium fANicol aus ilame rNni0Oc 1B, dnr
over the years [21]. Therefore, the arguments that support the stability of CFBM 28 in [1] seem
suspicious based on the given accuracy of the Second and Third Levelling of Bulgaria. This topic needs
additional investigation.

1.4. Objectives of the research

Taking all things together, the primary objective of this study is to present a modern methodology for
adjusting precise levelling networks, based on statistical principles and free from outdated stereotypes
about the accumulation of errors in levelling measurements. The secondary aims of the research are
to estimate, compare, and evaluate the impact of:

AUsed weights;

ASelection of the most appropriate line height differences;

AThe usage of the virtual datum point in the benchmark mass centre by adjustment of the
network of the Third Levelling of Bulgaria as a free network.
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2. DATA AND THEIR PROCESSING
2.1. Used data
In this study, we use the height differences obtained in the upward direction, downward direction, and

their averages from Bulgaria's Third Levelling, corrected only by the average lath meter corrections.
The data used is given in Table 1. The configuration of the network is presented by Fig. 4.
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Fig. 4. The Third Precise Levelling Network of Bulgaria /1975-1984/.

Table 1. Height differences between the line terminal benchmarks obtained in both directions, their
average, and the line lengths.

Line Height Differences in m Length in
Line From To km
[ ] Average L
1 Lom Montana 111.52062 111.47631 111.49847 306.689
2 Lom Montana 111.49172 111.48604 111.48888 54.363
3 Lom Glozhene 24.42325 24.41534 24.41930 60.176
4 Glozhene Borovan 122.24869 122.23964 122.24417 37.466
5 Vratsa Borovan -197.74803 -197.75696 -197.75250 34.281
6 Glozhene Nikopol 126.99003 126.97325 126.98164 130.859
7 Borovan Knezha -19.25104 -19.26724 -19.25914 36.598
8 Knezha Grivitsa 111.99559 112.00188 111.99874 66.485
9 Nikopol Grivitsa 88.04556 88.04130 88.04343 43.655
10 Grivitsa Levski -202.92906 -202.93962 | -202.93434 45.824
11 Levski Ruse 89.29772 89.28072 89.28922 125.416
12 Nikopol Ruse -25.57087 -25.58375 -25.57731 144.178
13 Ruse Belokopitovo 39.13892 39.12898 39.13395 111.783
14 Ruse Kalipetrovo -29.45748 -29.44651 -29.45200 142.06
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Line Height Differences in m

Length in

Line From To km
I I Average L

15 Kalipetrovo Belokopitovo 68.57324 68.55945 68.56634 112.675
16 Kalipetrovo Dobrich 96.27144 96.25150 96.26147 97.646
17 Dobrich Varna -161.13759 -161.17537 | -161.15648 198.675
18 Dobrich Varna -161.17403 -161.18833 | -161.18118 51.728
19 Belokopitovo Varna -133.46611 -133.48792 | -133.47702 110.846
20 Varna Burgas 17.06735 17.07590 17.07162 151.93
21 G. Alexandrovo Burgas -97.09100 -97.12809 -97.10955 76.815
22 Omurtag G. Alexandovo -382.91252 -382.92276 | -382.91764 80.565
23 Omurtag Belokopitovo -363.56926 -363.58715 | -363.57821 60.478
24 G.Oriahovitsa Omurtag 455.55824 455.52130 455.53977 84.668
25 Kazanlak G. Alexandovo -196.85474 | -196.89499 | -196.87487 134.099
26 Gabrovo Kazanlak -13.12957 -13.16793 -13.14875 50.101
27 G.Oriahovitsa Gabrovo 282.66062 282.66120 282.66091 64.764
28 Levski G.Oriahovitsa 36.47838 36.46646 36.47242 69.49

29 ZIl. Panega Gabrovo 193.89740 193.87004 193.88372 141.06
30 Zlatitsa Kazanlak -333.53917 -333.52897 | -333.53407 130.5

31 ZIl. Panega Zlatitsa 514.30682 514.27210 514.28946 69.955
32 Knezha ZIl. Panega 34.34341 34.34450 34.34396 52.317
33 Dolni Bogrov Zlatitsa 179.01168 179.00282 179.00725 72.87

34 Novi Iskar Dolni Bogrov 20.16593 20.15960 20.16277 17.76

35 Vratsa Novi Iskar 132.39569 132.42255 132.40912 108.49

Table 2. Height differences between the line terminal benchmarks obtained

average, and the line lengths.

in both directions, their

Line Height Differences in m Length in

Line From To km
I ] Average L

36 Montana Vratsa 232.94459 232.94003 232.94231 43.67
37 Montana Dragoman 593.31526 593.26565 593.29046 103.297
38 Pushkarov Novi Iskar -42.49799 -42.49855 -42.49827 13.94
39 Dragoman Pushkarov -185.43359 -185.44650 -185.44005 38.292
40 Dupnitsa Dragoman 227.36161 227.39380 227.37771 184.795
41 GUGK Dupnitsa -96.34899 -96.35507 -96.35203 61.837
42 GUGK Pushkarov -54.40690 -54.41120 -54.40905 13.795
43 Dolni Bogrov GUGK 76.74142 76.73642 76.73892 30.421
44 Dupnitsa Pazardjik -306.40217 -306.43533 | -306.41875 142.167
45 Zlatitsa Pazardjik -505.05481 -505.07559 | -505.06520 91.615
46 Pazardjik Haskovo 24.58289 24.58156 24.58223 133.75
47 Kazanlak Haskovo -146.91755 | -146.90844 | -146.91300 116.276
48 Haskovo Elhovo -110.58370 | -110.62596 | -110.60483 122.053
49 Elhovo G. Alexandovo 60.63556 60.63576 60.63566 65.309
50 Burgas Elhovo 36.45438 36.41771 36.43604 308.26
51 Momchilgrad Elhovo -146.17830 | -146.16964 | -146.17397 257.857
52 Haskovo Momchilgrad 35.61933 35.59911 35.60922 70.99
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Line Height Differences in m Length in
Line From To km
I I Average L
53 Dospat Momchilgrad -981.74260 -981.78257 -981.76259 198.21
54 Pazardjik Dospat 1041.94281 1041.91917 1041.93099 91.837
55 Dupnitsa Dospat 735.51710 735.49646 735.50678 265.552

Note: The height differences contain only the lath meter corrections. The bolded values are selected line height
differences that minimise the loop closing errors.

2.2.Data processing

2.2.1.Selecting these values of the height differences between line terminal benchmarks that
minimise the closing errors in the network loops by a greedy algorithm. The algorithm is
copyrighted and therefore will not be disclosed here. One can use the bolded values in
Table 1 to check the results presented below.

2.2.2.Applying the procedure given in the study [20] for calculation of assumption-free weights,
mentioned below also as non-parametric weights, following the steps:

2.2.2.1.We readjusted the Bulgarian Second Levelling network 55 times, each time
removing a different levelling line.

2.2.2.2.Based on the remaining 54 lines, we adjusted the network and summed the standard
errors of the adjusted benchmark heights. If a line deteriorates the network accuracy,
it is normal for its skip to produce a smw
error s . Therefore, the smaller the sum of t
less weight the line has. Since the number of levelling lines is the same for each
independent adjustment, we can use the avi
errors (ASE) in each adjustment instead of their sums.

2.2.2.3.When we obtain 55 ASE, we can calculate their average ASEyean.

2.2.2.4.Now we can calculate the weights 0 for each levelling line i by equation (2).

2 x I 3% 3 %

2.2.3.Adjustment of the network as a free with the use of the selected height differences of
each line and assumption-free weights (2).

3. RESULTS

Fig. 5 evaluates the accuracy through the separate steps and compares the classical variant of the
adjustment with different steps defined in section 2.2. (Data processing).

Classical Adjustment
Adjustment with selected height differencesin lines
Adjustment with the selected height differencesin lines and assumptions-free weights

Adjustment as a free network with the selected height differences and assumption-free weights

Standard Deviations
inmm

Benchmark Standard Deviation Samples of the Adjustment Variants

Fig. 5. Samples of benchmark standard deviations, obtained in the different adjustment variants.

39



Fig. 6 compares the classical variant of the adjustment with the proposed adjustment method in section
2.2. (Data processing).

M Classical adjustment with a datum in Varna

m Adjustment as a free network with the selected height differences in lines
and assumption-free weights
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Fig. 6. Comparison between classical adjustment and the adjustment as a free network with selected
line height differences and assumption-free weights.
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Fig. 5 and 6 show that the adjustment method proposed in Section 2.2 (Data Processing)
outperformed the classical approach, which used mean line height differences and weights as defined
in equation (1).

[25°E [27°
Romania A 44°N

[23°E

Serbia \
Dragomai
p

North

Mucedonic\ Turkiye

/ - . I". \ [
L’ ———7 . \_ . I. ommﬂngg) © Datum Point
/ . Greece o Benchmark
0 0 o 6 —Height Difference in mm

Fig. 7. Differences in the adjusted benchmark heights in mm (between the classical and the proposed
approach results).

4. DISCUSSION

In the present study, the raw data from the Third Levelling of Bulgaria were used. The only correction
applied to the measurements is the correction for the lath meter correction. The measurements were
not corrected for normal corrections, refraction and magnetism, tidal effects, recent vertical movements
of the Earthdéds crust, seasonal fluctuations of
mean square error for 1 km of levelling obtained after network adjustment is 1.21 mm/km, which is also
the lowest value among the cited a posteriori mean square errors from various adjustment variants
described in [1]. This fact alone raises questions about the quality of the normal corrections applied in
the official version of the adjustment, given that they do not improve the accuracy of the network.

However, the goal of our study is an adjustment algorithm for the first-order levelling network of our
country. As seen in Fig. 5, the classical variant of network adjustmentd conducted as an independent
network with datum point in Varna as the origin and using the arithmetic mean values from the two
measurements of height differences in the lines and weights (1)d yields significantly worse results
compared to the adjustments of the network carried out in the individual steps of the algorithm described
in Section 2.2. A visual comparison of the boxplots of the sample root mean square errors of the
adjusted heights at nodal benchmarks leads to the following conclusions:

AThe most significant improvement in the quality of network adjustment comes from selecting
those values of the measured height differences in the levelling lines that minimise discrepancies in
levelling polygons. This step reduces the values of root mean square errors in the network by an
average of 3.5 times compared to the classical approach. This finding is in full agreement with the
conclusions made in [10-11].

AThe adjustment using weights (2), based on the actual influence of the individually selected
height differences in the levelling lines, slightly improves the results obtained in the previous step. Of
course, further improvement could be achieved using iterative adjustments such as IDW(p) or IAHW(p)
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described in [5]. The overall improvement in network accuracy resulting from the adjustment using both
selected height differences and weights (2) compared to the classical adjustment is about 3.8 times.

AAdjusting the network as a free network (without a fixed benchmark), using the selected height
differences (bold values in Table 1) and weights (2), led to an average increase in network accuracy of
about 5.3 times compared to the classical adjustment. Therefore, adjustment of the network as a free
network can be considered the second most important factor among those compared in this article. This
final adjustment variant resulted in root mean square errors ranging from 2.17 mm to 3.01 mm, with an
average of 2.57 mm. A graphical comparison of the results obtained in this adjustment step and the
classical network adjustment can be seen in Fig. 6.

Analysing Fig. 7 shows that the differences in adjusted elevations of the key benchmarks between the
classical adjustment and the presented method range from +6 to -14 mm, which is approximately equal
to the arithmetic value of the root mean square errors of the adjusted benchmark heights obtained
through the classical approach. The isolines of these differences show depressions and peaks near
certain benchmarks, such as Zlatna Panega, Dospat, Elhovo, and Burgas, which indicates that using
arithmetic mean values of height differences in adjacent lines may include extreme values from one of
the two measurements. However, this issue requires further investigation.

5. CONCLUSION

The main objective of this study was to present a modernised algorithm for the adjustment of levelling
networks of the highest class, one that is free from outdated notions about error accumulation in
levelling, which are based on vague and contradictory assumptions not supported by modern statistical
methods and probability theory. Applying the presented algorithm to data from the Third Levelling of
Bulgaria (19751 1984) led to a significant improvement in network adjustment accuracy, with root mean
square errors of the adjusted heights of nodal benchmarks being less than 3 mm. This demonstrates
that, as of today, the accuracy of precise geometric levelling is several times higherd and still
unmatchedd by other methods [6, 18, 21] used for defining national and continental height systems.
The results also indicate the need to reassess and revise a substantial portion of the existing levelling
specifications and instructions [3], particularly those related to execution methodology, setting
tolerances for discrepancies between individual measurements, evaluating accuracy, and the method
for processing levelling data. A revaluation is also necessary for the global impact of various systematic
factors that introduce errors into levelling measurements.
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Il dOmlstswh sists dL Mdzj HSARPWA dzdgd flipdisloedsdgj dz S sH, § sdziz
OB dzE HjdzdY 5 ftoesetcOBOISO Copernicus (CLMS), ftoj
Ho dX J ded J &ZO0 L jBwWIsO (Eur opeai&GM®r oy md ¢ Bo tdzGo nd L Snedzj
dbtenjsdzsedud MEdwis Soifdith Isjtdd BHRSAE] IsstedzaryQ dz9g
dL Moz Ho Odzy dO GJjtsHddOBdydzdlsy fGwtsyimd o ©WO2dO |§
Ctodf dzj S, wOLYdsyjd @20 thkStedlsts j §tsydmseod d i
csdzZvIsO@ d&O jjMmisjMmlse jdzd ©lstcOy OidddOlsd uifd® Of f ¢sdzg 5§ @z
Ctsndtej dzlsdzsmls d odMmMtsC O IstsydesMmise sH fida] 0 28)bI| dddelso,j td
Bsded Iststcd dzc  dzO@ ¢ j tsH d dzOd3d ydzd Is § ftesyifmd LO Ijtedlstst
Codf dzj € MO: 1 Cdeltf tistfipsdd, -Mpgtstfpogd M j, bisjyazistcsffL 5 dets § SH
ltoddztsy j dzd § sts  dzO | NSAR bkjrndtsdzsedwIlsO HOHJ] ol L dBtsy
Mz ye O dlsjy M citftwsyjmMd O jtdlsstcdWIlsO dO ¢tcn | B
d MsOBddzjdz d dzgj MO wlsCtedisd Mddzded HJ W sted3OYyd tsdaded 1 to

szytse d HdSJAR, EGMS, ¢ d3ts dzdjldssite{cizd d3sd y dzdd tof s zis i d y
Codf dzj Sf 1 jtoff jtod S dz

MONITORING AND estimation OF THE STABILITY OF THE EARTH'S CRUST IN THE
AREA On THE ANCIENT STONE COMPLEX OF PERPERIKON

Prof. DSc. Mila Atanasova -Zlatareva , NIGGG-BAS

SUMMARY

In this study, the author use open-source SAR data obtained from satellite observations under the
Copernicus program (CLMS), provided by the European Ground Motion Service EGMS. The object of
this study is the Perperikon Archaeological Complex. The application of the MT-SAR method for the
analyzing and investigating geodynamic processes in the area is very appropriate, since the rock
complex, located in the open air, is cleaned and maintained without vegetation and the rocks act as
natural reflectors. The obtained results demonstrate high coherence values and accuracy. For a time
interval of 5 years (2019-2024), have carried out monitoring of geodynamic processes for the territory
covering the four parts of the complex: the fortress - Acropolis, Palace-sanctuary, North-Eastern and
Southern Suburbs. The application of INSAR technology made it possible to create a complete picture
of the geoprocesses occurring on the territory of the Perperikon Archaeological Complex. The area is
stable and no strong deformation processes have been detected.

Keywords: INSAR, EGMS, monitoring, geodynamic processes, Archaeological Complex Perperikon
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Il d2Omlsedh figsdzj Ho Odzj MJ dLftsdzL 9 Ols HOdzdzd ftoj HEsMIsO9
Ho d>X J ded d &ZO0 LjijBwWIsO ( EGMS) LO disded Iststed dze 20 L §
Pl jsdsedyuimMSdy StdBfdjSh 1 jtfjteds sdz

(ot j2ME OO MzExBO L O dsddlsstecdde dzO0 Hody j dzd
Codzlsddzj dzls OdzdzO® bEfMdzEc O L O dBsded Iststed dzc  diEdO deCs 4diR) dzd jddzy |
COlts ftsmdzj HdzZOISO OClEZOZdJL OYyd202s3Br g O @ 18] tcd mHI@ZEZZ @
dda¥ stedsOyd»y L O JjMmisjMmlsejdedlsj d Odestetsftsejdededlsjy HodyJ
O MteOdzdlsjy EyoOMmlsa O d o HtotscteOBROIs OsMmiss tsHE GBS C i te jfir
ol L@y dztsmls L O dLEZyGeOdzy dO G sty c¢d tfoOfmdasMmisd d B
wWeodzj dzgdw 20O ftslsi 9 Odzj , Mol tcL Odzd M J S zZsOOYydwisoO
ftejHdLo S Oded B Yo iSO HjWsStedROydddd W ¢ g &is s '
OCIsdoe dfll. [ 1

10 HO M Btyjdd HJWBSBOYdWwIisO dO L j BdzOISO ftsoi tont
ddaW cOMistczCIsktc® o to] cffisdzdz@Ob @dld jcgitodtea@®@s H Odzdzd sy s
Mz B O L O Hoadyjdzd] dOf cHBEEORZHESMEYIsH © O dzdzd .

| nSAR d3;lstSHO d dLitsdzLoOdz L O dL Mdzj Ho Odzj dzO
Oten j dzsec dyj M s jokle O R@zdzflyOJs Of toj HMIsOo j dets f tod dztsy
HOdzdzdIsj L O q’Lfr]dZJHaOdzJ ZO HJd dzOdBd ¢ @lkszdai@) Afigsa @wd v .C & dz

ltejL ftsmdzi Hdzd Isj dzv Scdg ] s RGMSaOzlzd ez tc @ yJ Mists

LO dOBdzt Hj dzdWw dzO Otrmnddzse dyded d] Md ¢ Hzie©dad (O] ldsd
MstczSC bCOOtedizdzi s [ OB MO, dLHI dzB OdzO (fsL ylsigtsi oH O CBO
cOLfBLABOIBO d dqLBjtjdd M oBshlsO dO0 HOddk] s H(
HodYjddjlsts dzO L J BBdzOIsO C 86O tsIs EGMS MO dL f sdzL 9 Odzd
1 OV BsBMOY OHjdz sdfi te, CiHjlts Mj] d&OBJteOls ctdwdgdsihd
B S6d [
[BjSkkdl)] &0 Skdzsktdskts &OMdjHmlsets yjMmsts MO dL

dL zZ0c 0dzy MIsOe © tsMmtse j dets dzgj Mdeztedes M dL d3j dzgj ded j ss5  dzO
MO dL dsyjdd &0 ttdmS sl dadicyyQoedaisj. df dudh Yt sdjdztsS Ols s H j W
ZOo tsHdzj degdvV, HI YyHBO )] d JjtesLdw L dOydlsj dzdets L Of dzOh 9 Ols
2ZOMlsi § o Odzj 2O dL dsj dej dedv o MbtzClbkidlj, §coddwdd ¢
CO Hj2dsMls, 50kt sHieg jigsOd)jedsL jdz tdmS L O

1 Z20ydlsj dzded dLfdzj Hso Olsj &ZMSd EkMdddwy MO dot
slsts dzgOfmdzj Hmlsets [17]. 1 [17] Mmj f§ijHkOcO
dilts Of Gdttk@tzPlsj BjHMlsodw, L OY &zOh o Oh ¢ Clo
dzdw o L i3ty j dz2 dzOyd dz.

“’&Er'

2. Jarsv 1o rRY®[LITIOUT

RLIssYdzdlsj tsHsfd MO t02td M) dL¢ds ydlsj etzfls B 50
N d&z0 YoMl ks Ckdkbtdsksts d ftdtsh dstsa@®mndhonss s S b
mMdzj Ho OdzedwY d M LHOOOdz dO BIBSBSHIJSO L O sy dzf O dzC
Odzdzd Isj Chkdzskztoded § OBjlsdedyd o RLISSYddlsy tsHBfd [1

9 0
dL
¢
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Bue ce nammpare TyK
You are here

Teputopns Ha AKporioaz
Territory of the Acropolis

Tepurropus a Aopea
Territory of the Palace

Tepuropus a [OwioTo noArpasae
Territory of the Southern Suburbs

Tepuropus Ha CeBepouaTodHOTO MOATPAAHE
Territory of the Northeastern suburb

1. RdAdWtstediOydsdsj dz yJ dzlsi to; 2. wtojHdsSe j B
Mo jh ydef sAitsH, 4. I BHBARteOdeddzdn j (dedjWjilzdg) ; 5.
Ci &3 restej yo; 7. retstejy mMejlksddadhj; 8. MO
fstelsO; 11. wjojtdzO fls; 12. ) OfOHAdO {sttlsO.

Ade. 1. RAdWBSEdROYydsodzdzs IsOB izt dzs¢ OdzdL d e Odets d
1 jtef jted C sz

SO®R) dedzdvls OwRjsdscduimSd §O®RjlsddS I jtof jteds sdz

LO Ct2bts Mj MdwilsO, yj 91 Lddd2% 0 {©) o Cas®Bgstilsd ,8 0OOL
retstej yo, bCtosf sdzO d Htkzed Otrneodzsedydsf W dcad.j CORY , {
tcOdzdzd sy Mdzj Hd Bl yse jh ¢t ftedmi Misadj dzO MC Odzd s dw

vV 9. ftciHd mtc. . S Odzdzdw BOMEEB M§ SERE fzg B O -0XI I g3 @
ftciHd mte. . ltjL € MesBtosdzl 59 00O jfsn0O 1 jtcfjtedC sSdz
ltejHfsdZOcO fj, uj byds o 1jtfjteditsd fj | dokdt.d
ljefjtedisd M M Mistsd s ey} Sdisd s 6y dyp g dteHafd j, ¢
dzj f sMtcj HMEDL jlodstlf 5 dZO slsu f & st GUHOHuEEs  SHEGOH] ] . 1 B R
f sistetsj dzgd Bdese s ntcOBseo ] d fomstes2Qdo mMre 01 Ze®@dzd MO
sisO0dzSSd Ntgfls dL My def Ol MOBY dL IstsydzOls© yOfmls dz© ¢ €t
10Lddzd ¢ 0O. 1 OLrgjdgdtEvOlsdas dg02B ddzO Htej o jdz Rt Od3 O s o
ftcj ol tdzOdzO o yi <o 0O. Jls BOLddzdS OO Ci d3 oi Istej h datsf
fstelsdS, udd sty jSdy ddsfdzdigfsn O dzj )
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AdGe. 2. o¢dadsdydedy S OB jdej dz Stsdsfdzj S 1 jtetf

festej yo o 1 jjtcigeim] § s fazdzd Is j L @& OO dgl§ ¢ qottaBsainjstistow jsedzfsdz

nlcOdits o Ctsd3f dzj € M, f smoe j b jyl dzzOtc @B sdg@ dydifieodzd Bytcd H j M J Is &
Yj toj o3t dzd O dzdzO jLin@izkO), ] dECs IO L o1 toh o Odzj @@ j tdaf Iy lf B ez iz 1
9 rettjyo j BOMdoel dznC BiEdzj dedltctfdzn dzO oMW C s f sd3j M j
LO BllsdyOdzi dzO HI dgHMsE ZOGEO] st YPBSH M CIP LLOHAAH | d20 | H dzO
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JbtedwlilsO j sinded €O, Cowists ftsLotsdzw o
2V sted3dOyYdw L O L j BRZOSO ftsoi ten dztsfls ls O
gw AOL OISO dzO0 Mdce dzOdzO0 MmJ BftjHJ &Y s
el HsMIsOQow dJdeW stedzOYydwy L O Glsdtsmdlsj dzdzO
O0dz0dzdL dO SAR dLtsBteOY jdedWw I JjH
NnSAR) J ©OLtOBSSISjdz L O dJamigjdes C
d odMmtsyddzdzd ditsH j dzd &0 IO ©idy dz®
O j tOLhdtejdzO HB BYj O dzO fts
6j dzydOdzdz®O | nSAR (DI nSAR) , lsi 2
: Hilsts ftoddesmi Is, HI dzy OF M dzO Ist
dLudfr]dZJdZ) My ¢l jdnhdtcd, LO HO fMmj
0. 1] o sdzOyOdzdzs DI nSAR | dL f sdzL a@®dz L
wWoodzO L i3dzOIs O ftsel rdztsfls ytejL OdzOdzdL 6O
d B3 dz0o Odzdw dzO0 M Isdzd ¢ O d Mi L HOo Odzy dzO
BiYHE HojlIs] ftcdHtsB do Odad W (ddzlsj oW j totsd3
tc Odzdzd iz iz W et G Odsdzd | N SAR IsjrndedSd Lo
COtlsd dzO ftoj &3 Miso OdzedW IsO dzO Y tsoli ten dztsflsls
dLsBtcOy jddy d&O fmi hdw ¢ jtscteO¥MEd toiedtsds, M BteOded L
(o teBYCiRAUTP Mz B O L O Hodyidedy dO L jB¥YISO ( EGMS
Bsdzd Iststcd dzc dzO L j d3Y s O ff ts5 CHMS)HIS]cEOGRESs Of tCjoHpt=fn In@ ecwu st £ f) dzj
toj Hiso dzO, MlsOdzH Otelsd L d tc ©dzO, ~nOteditdzed L e OdZO  dzOH J X H
Odzstesf sy ozdzff e 2O Hody Jdzdj dO L jBYISO dOH EZyoOfmlsse
Copernicus d ftejL dOydsdzOdzddlsy cttOddyd, M dddzd d3d Is
EGMS Calibrated fj odLkzOddLdtcO®O COLts o jCItstedzO !
CesHdteOdzd s ftaljfmwdgOO fiSdhistdpls Odz0 ) o tej &3 9 O M tedw Bl
i Mss2dsmisd dzO0 dL i3 Mlsea Odzi L O oMWl L OMdej i3Odzj dzC
ol LasHwh d, IOCO d L [@3depL st s z€tsB il d MyudlsO L O tsfda
Isi 2 COlbtgi bdsSdisdsj tco Odzi MO Mol oL Odzed M BSHJ dz, i ts
0o dc OydsdzdzO® MY i KEBES)Is 0 O Migisd BBBOYddz dL i3j tco Oded W IsO
d My MudlsOls L O OsMmtsdzs sdzd. sOdzdBtedtcOdzdwWlils fesHizSCIs |
Ho dX J dedePlsts j 3V IsO ©iIs Ml MjHded ©Bd&OMISY, §teddOHdiy O d

ftesjSlsdteOdz HO ftejHisMsOaw ftesHESK] L O B
W ddedtcOdkzO d ksydd ¢jsHjLdyujmSO fmdmlisd R0 F
INSAR d GNSS, EGMS ftjHtsMsOow dztsC Odzdzgd L Bj oo Odz
ftesmistcOdzilse j dz BON OB [ 16] .

vOLd ddasjcetcOydw | s tjh0o0hts LdOyjdedj LO (s

HjWtstedsOydd o ywv dz0 ottt O, COlsts My ftoj tistsdewoH@IdSs Is
tcOL ftej HJ dzj dad § 2O fJjtedzsOdzi destied st GBS dztplsj@idisy J tfO 6 O
tcOL Msswzdj CHUWSRB] IstcO® jHA&ZO lIs Httkzc O. I nSAR ftoj HdOG
BONM OB (HB HiMilkSd SCddasdkilstd) , Csdlss MO s Slsmsinddds J

e WJdtej dzydd, HSCOIs GNSS ftj HESMIsOoWw O {dtsdz) ls3dzd SB & B €
HlStGGISJGq"L{JfI]QOISO CsdiBd &zOyd™ s ksjLd kjodsksedd L dzo
HO fftoj HisfIsOo ssyded ftesHEZGCISd L O HJWtste 3OQE[.W rRROY t8 dzLd
My Bt )y o GNSS BsHjdz LO COdzdBtedteOdzj dzO | nSAR H Odzdz
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10 HO fj bEkfMsOdsod dzOHjyHA&O, §0djotsfj2McO §O
| NSAR HOdsdzd, | zOdztsy dlsj dzdzO flstetsc © ftojHo Otedlsj dzdz® 15

[ejytodwls EHNSIS fdsL otsdzW o O ddzsjctedeOdzj sts dz0 HOdz
COBRCdlsj d2®@ HdMCtejlsdd GesmsteOdmlse jded CdzjlsCd d dzg
qdzs j ef sdzOYydY d JSMsteOf sdkzOydy dz0-" df delists tf 3@ V¢ el0® M) ¢
YiojL dLYtd o Odzj ISHS 80 BB j skso ftesyj Mi s  dz0 -8 1O @l o dzjf diz
sMdekteW o 02Cd BHEBBE] &ZO ksydshls d dOHjyHdEsSNHs LO §O
[ 5B tej HiWddzdtcOdzts o h j dzd § LO MmMEtstsMmls dzO GNS!
jtojdZsdz®0 MdMmlsj kO L O o] tsHse@ChsafO ddggO dEIG MSO Lats o Y Bgzd
HezClsd [16]. umdkzeOsO dqLdMSos O Rekscj dds, odmssts
qw jottfj2MCd Ctdsdds dzls 65 Sldsh jddj &0 M SLsh
J o) dzZlsdzO MdMlsj BO Jj daOjf s Higdatsd Wj fip® GO J fifaPdin ] BOLS]. SH S
] d31sd34dzlso EGMS ©OB&lkd, dqLitdLo02¢d tjW, ] dzlsdzO
sl j2MC OO dzOL j B3dz® tej W jtej delsdz® MmdMmlsj 0 &l 1989
j Y HEZ dz2OtetsH dzOIs© Mz B O L O 9 ijticly jdatzjded dz@ d Ml gzl © ( f E RS
o dzdw G iBBHjLdUudMEd MIsOdzH Otls, Ci s Ss2lts Mdll,tsB 9|
[5]. 1 SssLd SCtdzlsj EMmls ETRFINEMB dipizOMgESETRO2 54 { tstcOH
Ml sBtcOLWwWoOdzgy M Jjototst j2 fidsdisifl GljlSlsised y@d Mg dztcOo d
EGMS fj cslsad HO {to]j &3d dzj sls ETRF2000 €Ci d3 dztso O toj
zZscodwls cdizsBOdzj dz ¢ BHElL dyd MSd MIsOdzH Otels

EGMS dJLftsdzLoa O HoJ sdztso dzd GNSS tojh jdedw, L OJ |
Jottsiiggd dd&BON OB :

Al fdetse j dz dL Istsydzd $: - ) ESRENS dzils @dzyfcafs H2S Isd L O ff tsfylsts
Bicj y OO dz4] EUREF |

Alststedyj dz dLissydzd-§ j SNGL I &Y zOB steBIststedw o 1 j-

A i dzdzed Isj dzj dz d L Is s Y dzFUREF \H®& @ Eurdpéad®Densg Yelocities [14]

EPN Densification program ( EPNDjcIi} fddsz@Cdihi O L
EUREF[16]d dzls j ctedte© dzOYyd tsdzOczdzd GNSS Btejytsod tjh jddw fy
o Cdzs yo© 28 OdgOdzdIlsdyded vyJ dzlsi tt©O, dL f sdzL .as@Cd fifj to joHE cflrisch
d HOddzd s 1 0YydsdzOdzdzO0O f jtedOdzj dzsdz® GNSS st 3 O
fjtod3Odzj delsdzd GPS/ GNSS MkOdzydd, vuddlsts HOdzdzd Mj Oterd
LO tBtOBBICO d O0dzOdzdL dzO -1 ¢ & & RHdgsdgdEdlc Odz@ VY B @ | My Sf
fesHESCstsots dzots, COlt OdOdzdlsdydzed yjdzlsi €O ftej HisMsO
SINEX f] ) dzdzgO@ ddai stesOydw L O HdmijtehMdwlso d ¢ tsasOtedO
J M4 ctsH dats. vdSkhdwls Btts?2 MisOdzydd dzOHRo9o) tedzv 3500,
fstcOHd S©OSd fjtedtsHd dzO@ dzOB dzs Hj dzdj 16l dzd o d H d Bs

sOdzdBtedtcOded ECM®B toy E3fzdeds § sSHicOo dzj dzd fm otcj d3d o d d3
tc Odzdzd W ojide delts dzj dals dz0 Mmi BdteOdzj dzO@ HOdzdzed o1 & oMfjCd
Mci HdzdwW s SR tsdzj dzls 20 MEtstetsMmislsO® [ mm/ yr] dO Basic
BONOBd tj%jttdieOdsd Si &8 ETRF2000, [16]L f szt 8 026 d dstej y O

EGMSOrtho H Odzdgd® otcfdffdteOdzd S o St5deCtejlsdz® HOLO.
dzj sBrsHd®BS) LO otcjd3jots ftsHicOodzgW o Odzgj dzO otcj d3j oadlsj
JLYtsdkL902¢d MtjHdOO mMCstsfls dO omMjCd otjdkjod t
O dzsBj todzts ot Bjtotssmd ,j HPdEjL Wa yj dzdj 2O HI d&zed § tetsy k
ftod dztsy Jifisd d3j tedets fdzj y dedw fJ L tsdz. lesMistcOdzmise j dzs EG
fsdkzyj dzd s SOddetedteOdd f§totsHlzSIkd, Mdj Hele Olsj dds tsj

| dOfmlsswh slsts L fdzj def Oz O o tsPtizder £ GBMS  H Odzdzd
ftesHEZCISd LO fjtedsHO wWdzOted 2019 HB HJCjdgoated 2023.
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Legend across all datasets. Limits are in mm/fyear.
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nde. 3. tdedmstedtcOdzd § soi ton dzts fighefddef] Vi to JLARISH) Ishe) O
seBdls® 109 d 1) ol LatsHWhd teBdlsd 3123012 3d A9 Ls@®D

EGMS HOdzdzd [ 1]

10 ¥gde MO fsCOLOdd tojedimistedtceOdzedIlsj f soi ton datsfydad
LOSL O Isjtcdlsstedaflsj ¢t el (Emioy O, ausOL d dzd € Ols © djojtsdL
fsHCEOUNGE. 1) 5 sOddetdiOdd EGBMS28 O distd thjzgftst$tSH
steBdlsO® 109 d o LatsHwhd tsteBdlsd 131 d 29 dzO u j dalsd dzj

St Okts B3O (ol erdetsMisded Hody jdedw d3d Y HEOLIBS SIS
dL d&3j Mlse Odzj . Rdzlsj oW j tocsctcOBRBOISO COlssctcOW dqtc® Istso O
RLBJoO M Skt LjBRZOISO el ten dzsMis My ljteq’decMoa
tcOL ftsdzsy jdz 9 i MisdedwY 6 itsetOVMEd L Jjdedls. tGLg’Q sta@) B gy
syojlwo0O o MlskHjdzdlsy yYoldbtseaj dO MddzwIlsO ¢ O d3 0O fte
ZO MCOZOLO tls i dzsts His yYjto jdes. vtsoa O MO JG'CffI]IStGCfE
tcOL dzd ydedIsj wteBdlsd, | ¢i dd Is, ljtSH ¢ X lsls M dIBQ P weOO j ¢
[ d WstedzOydd dzO L BBAZOISO ol tondesMislsO MO s tojHJ dzj ded
fsCOLOoO Ctnjtej dzsdaetsfyls s MisjCO (ctokf O s f sMdzj HSE
i i Mls s do 0 yj dzd [/ isblkEdj Ol az@lt MdzOf tod di3j to dzO
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LOf OLO O, LOMNBIs wOHOtddwIls MdecdOdz dzO B KOl dsIsts
tcOMisdlsj dzdzd v Mozts?2 .
O dZOdZdL JtcO2¢d dLoaOHSdIs] tslIs ddzlsji cOCIsdo dzOIsO EGMS
fd¢midd, C(cdsts BphBLOLHBLOLOH ztksMmis dzO ©WO2dZO. 10 Is
ot BBiodlsy tjHBo | LO CBdeStejlsdedy §dSMmMjdz LO fetso j o€

Dataset: D30-109 Incidence angle: 40.98°
Point ID: 1U1m75gtGA Track angle: 190.77°
Position: 2200105.75 N 5602762.50 E 481.00 m w E W E
Mean velocity: 2.00 mm/year
Coherence: 0.84

RMSE: 2.60 mm D S
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Dataset: D30-109 Incidence angle: 40.99° L o
Point ID: 1U1m75gcDH Track angle: 190.77°
Position: 2200118.50 N 5602730.50 E 481.10 m w E TLW@ E
Mean velocity: -0.80 mm/year
Coherence: 0.86
D S

RMSE: 2.50 mm
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0.86 GftjHjd O fif) M. Co. Gt 2.50 ddk tJcdmlstd
fsol dgsfls 5 SARMG UD k0%
Dataset: A29-029 Incidence angle: 42.01°
Point ID: 17zR93D63X Track angle: -8.58°
Position: 2200022.50 N 5602804.00 E 467.60 m
Mean velocity: -0.20 mm/year %
Coherence: 0.88
RMSE: 2.00 mm
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Dataset: Vertical
Point ID: 10QpXHLrX1
Position: 2200050.00 N 5602750.00 E 478.90 m
Mean velocity: 0.40 mm/year
RMSE: 0.60 mm
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dlsOB d dzdzs ls © dzO

L BdzO0 O ol detsfls

9 ©O02dkO0 &O koL J

o jtolsd Cipodmsis fyls dz0 ftoj B Mlse Odzj 0. 403/ ¢ i M Mte. SCo.
Dataset: Vertical Incidence angle: 0.00° y
Point ID: 10Qpby16j5
Position: 2200150.00 N 5602750.00 E 479.90 m w E
Mean velocity: 0.10 mm/year
RMSE: 0.80 mm
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Dataset: East/West
Point ID: 10Qpby16]5
Position: 2200150.00 N 5602750.00 E 479.90 m

Mean velocity: 0.00 mm/year
RMSE: 1.10 mm
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Dataset: Vertical Incidence angle: 0.00° u

Point ID: 10QpXHLrX0
Position: 2200050.00 N 5602650.00 E 486.00 m w E
Mean velocity: 0.30 mm/year
RMSE: 0.60 mm
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I Yt daregrf1 o1 fuvl R VoYL Juflrdn RROBR 10

ltesW. Hd2 dday. [ qdzOIsPlsd eeO@fiHg O

trrafr

reOHjMmjl etsHdded, HOeO filsd ctHdh dzts, My ®tee OdzdL
AssBdmdwIsO L O MsydOdzdzd Hj2dsmls d tOeBtlsO ) xjdzdls
Mted hd &M@ Ists, €SI Hilkts MlsEHjdzelsd d Gt f sHOo Olsj dzd, tel €
fjdhdsdjacifd y$d LOjHdts EyOfmlss Ol o sBMi yHOdz] Ists  dzaC
dzj f toddzgzH j dgs o L dzd € dzOdzO Isj &ZO. v dzj detseo jIsj dzO ctekzf OO
ftoj HMsSOR @y dzO@ w1, LO ftesBdzj d3dIs g ftojH tci Ctsots
sBh desfpls. [ Bj Sl dzO tsBfMi YHOdz] MlsOa Ol ftetsj Slsd L O i tc
fosW | MdsdzOdzdtslss sSBtOLBSoO0dd) d fOSIsduyd MEtslss B EZYJ

{Mmejd Stdixcd, bkj mMOdhn (RdiOead, H@EBYAS J f sy Oy J
ol L Oded M CiBHILdYUjMSOO ok jmdy d MtesHdzd ) dzgjw
sBhzoOdzgj, dHJWIO HO MO LOjHdds, LO HO tBfMi HWI ftsW,
dzd yded MazzySd d Hac@ydodvg@Rpasse plsj dzO HOBNMEC OO ctokzf O
LB Elstesdlsj dzdlsj o 17 dzeOtedw [/ w4/ . stejhdlsy dzO cts
MsydOdzdzO Hj2dtsMis d ttOBlISO M Yjddlsjy C1 &3 vftcOo dlsj dzdz

20 YEARS OF WOMEN'S CLUB IN GEODESY i WOMEN AS A FACTOR IN THE
PROFESSIONAL AND SCIENTIFIC DEVELOPMENT OF GEODESY

Prof. DSc. Mila Atanasova -Zlatareva , NIGGG-BAS

SUMMARY

svwenty years, twice a year, meetings of women in
for Social Activities and Work with Women at the Management Board of the Bulgarian Geodesy
Association”. These meetings are a place where students and teachers, managers and employees,
workers and retirees - all participate together in the discussion of a previously announced or
spontaneously arising topic. The members of the group receive information about the completed and
upcoming tasks of the Bulgarian Geodesy Association, about the problems facing the management and
the geodesic community. The subject of discussion is projects for changes in the regulatory framework,
professional education and practical training are discussed. In addition to colleagues, they are wives,
mothers, sisters, young ladies, acquaintances and friends and all are related to the geodesic profession
and related specialties. They are united by the desire to communicate, the idea of being together to
discuss professional events and problems, to share personal stories and experiences.
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