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OHEBHA CBJIETNIOCT Y 3rPAON AYCTPOYTAPCKOT TPAOAUTE/BCKOT
HAC/bEBA

PE3UME

Lnm oBor paga jecte uctpaxusarbe nepPopMaHCU AHEBHe CBJjeTNOCTM Yy 3rpafu aycTpoyrapckor
rpagmTesbckor Hac/beha Koja ce Hanasu y bawoj Jlyun, bocHa n XepuerosuHa. 3rpaga je npBobuTHO
KopuwwheHa Kao BOjHM WTab, a KacHKje je NpeHamunjerbeHa 3a aAMUHUCTPATUBHE U 06pa3oBHe dyHKLMje.
Mjepere AHeBHe CBjeTN0CTM M3BPLUEHO je Yy penpe3eHTaTUBHO] MPOCTOPUjU-KaHUenapuju 3rpage.
PesyntaTi mjepetba cy aHanM3npaHu ca acnekta mehyHapoaHUX CTaHAapAa U Y OAHOCY Ha cneunduyuHy
apxuTekTypy 3rpage. Takohe je ypaheHa cumynaumja AHEBHe CBjeT/I0CTU KopuLiTerem codTeepa Design
Builder.

KroyuHe pujeydu: OHesHa cgjemsaocm, 32pade KyamypHe 6awmuHe, 8usyesHu KoMmgop, cumynayuja

DAYLIGHT PERFORMANCE IN AN AUSTRO-HUNGARIAN HERITAGE BUILDING

ABSTRACT

The aim of this paper is to investigate the daylight performance in an Austro-Hungarian heritage building
located in Banja Luka, Bosnia and Herzegovina. The building was originally used as a military headquarters
and was later reused for administration and educational functions. The measurement of daylight was
performed in a representative room-office in the building. The measurement results are discussed with
respect to international standards and in relation to the specific architecture of the building. Furthermore,
the simulation of the daylight performance was performed by using the Design Builder software.

Key words: daylight performance, heritage buildings, visual comfort, simulation
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1. INTRODUCTION

Light plays an essential role in people’s everyday lives and work since humans receive more
than 80 % of all information through the sense of sight. The quality of light affects people’s
health, work efficiency and comfort. Furthermore, daylight is of special importance as humans
are, through evolution, adapted to natural light. How much daylight reaches inside a building
depends on the building’s architecture, the amount and direction of sunlight, cloud coverage,
local topography etc. resulting in a certain visual comfort of users. Visual comfort is related to
physical quantities such as the illuminance, uniformity, and daylight factor. The recommended
values of these photometric quantities for different workplaces are defined in international
standards.

The human perception of light is determined by the amount of radiation energy entering the
eye and the spectrum of this light. The direct effects of sunlight are related to the chemical
reactions it causes in the body, while the indirect effects are related to basic biological
functions. A feeling of pleasure and comfort is a complex notion that includes the human
psychological experience of space in addition to its physiological needs. It has been shown that
productivity at work increases with comfortable and pleasant spaces and that is why the light
comfort has been taken into consideration. Moreover, improving the visual performance of
employees results in a higher alertness level that can reduce errors and accident rates [1,2]
while inadequate light will influence work efficiency as well as our health and personal
wellbeing.

Since the intensity of daylight has been variable and daylight will not be always and everywhere
sufficient to carry out daily tasks, the artificial light must be used. For many buildings, the best
option is using daylighting and electric lighting together, with an appropriate lighting control
during the daytime [3]. This method is the most efficient and involves replacing classic
incandescent lighting with automatic halogen, fluorescent or LED lighting.

Daylight plays an important role in the building sustainability involving the design of energy-
efficient buildings while maximizing the use of daylight. For example, an examination of energy
consumption in one year reveals that the artificial light accounts for around 19% of the total
generated electricity while energy consumption of buildings covers about 40% of the total
energy consumption in Europe [4]. In some types of buildings, such as office blocks, 10% to 30%
of the primary energy is used by lighting. Apart from economic reasons and energy-related CO,
emissions, natural light utilization has to be at the highest level because the human eyes have
adapted best in daylight and people feel more comfortable in the space with natural light.
Visual comfort is one of the parameters that determine the quality of the indoor environment,
in addition to thermal and acoustic comfort as well as the air quality.

Before reconstructing an existing integrated lighting system or designing a new one, it is
necessary first to carry out all the appropriate analyses. The availability and quality of natural
lighting in a room and daylight performance of buildings can be evaluated by appropriate
physical quantities. The light characteristics of an object are the illuminance, brightness,
illuminance uniformity, daylight factor, annual light exposure and direct normal radiance. In
the case of the daylight analysis, the most important are the illuminance and daylight factor.
The illuminance values are usually taken into account at the working plane level.

008-018 | 9
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2. PHYSICAL QUANTITES

Daylight consists of three components: direct light from the Sun, light diffused from the sky and
light reflected from the surrounding. Direct sunlight is characterized by a very high intensity
and constant movement, while diffused skylight is characterized by sunlight scattered by the
atmosphere and clouds [5]. Light (sunlight and skylight) which comes from the ground,
neighboring buildings, vegetation, trees, and reaches the observed points, determines the
reflected light component [5].

The final value of daylight is obtained as a sum of three components. Depending on sun paths
and the sky condition, daylight varies significantly with the time of the day and season. The
most important physical quantities used to describe light comfort are the illuminance and
daylight factor (DF).

The flux light ¢ received on the surface S is named the illuminance:

E _¢
S W

llluminance is expressed in lux (Ix). It can be measured with a lux meter or predicted by a
computer simulation. Task characteristics and the visual environment are properties that
determine the needed values of illuminance.

For example, the UK recommendation for working plane illuminance is 300 Ix for computer-
based work and 500 Ix for paper-based work. The standard EN BAS 12464 defines 500 Ix for the
office working plane (Table 1).

The daylight factor is the measure that represents the amount of daylight that reaches inside
the room relative to the amount of unobstructed daylight available outside, under a cloudy sky
condition:

pF =L 100 2)
E

o
DF is expressed in percents.

The higher value of DF indicates better daylight conditions inside a building. The location, sky
condition, time of the year, room and window size, roof, wall thickness and the situation of the
room (design and furniture) are the parameters influencing the value of DF. It is used to
determine what impact the geometry of the space, location and amount of fenestration have
on daylight penetration as well as an important parameter in the energy-efficient building
designs. A minimum average daylight factor of 1% is required for support spaces, 1.5% for living
spaces and 2% for work spaces, with a minimum of 75% of the observed plane areas [6]. To
ensure that rooms in dwellings and in most other buildings have a predominantly daylight
appearance, the average daylight factor should be at least 2%. If the average daylight factor in
a space is between 2% and 5%, supplementary electric lighting is usually required [3]. Average
DF which is greater or equal to 5% is considered as strong and in that case electric lighting will
not be used during daytime.
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The quantitative analysis of daylight implies the determination of illuminance and the daylight
factor. The quality of daylight is associated with its uniform distribution across the indoor area.
Lighting uniformity is the ratio of minimum illuminance to average illuminance on a surface:

Emin
U, :E_ (3)

av

The uniformity of illuminance should be set in a range 0.5-0.8. There are two cases when it is
considered inadequate: a) the largest part of a working plane (usually more than 20%) is
positioned behind the no-sky line; or b) in the room where windows are on one wall the depth
of the room is too large with respect to the height and the width of the windows [3]. According
to the recommendations, the ratio between the illuminance of a working plane and
surrounding space should not exceed 3:1.

Table 1. Requirements for different offices, tasks and activities (EN BAS 12464)[7]

Offices

Ref. No. Type of interior, task or activity Eav(Ix)
1. Filing, copying, etc. 300
2. Writing, typing, reading, data processing 500
3. Technical drawing 750
4, CAD workstations 500
5. Conference and meeting rooms 500
6. Reception desk 300
7. Archives 200

3. THE ARCHITECTURE AND DEVELOPMENT OF PRESENT-DAY RECTORATE
BUILDING

The present-day Rectorate building of the University of Banja Luka is located within the
historical military campus, which dates back to the Ottoman time in Banja Luka (1528-1878).
Its current position corresponds to the urban part of Banja Luka, named Borik — during the
Turkish time the swampy outskirt of the sparsely populated area. It is rather unknown when
exactly the first military facility was erected at the site, but for sure, the fairly large Ottoman
campus had already existed in 1863, which could be seen in the map from the period before
the Austro-Hungarian regiment (1878-1918) [8]. Because of the military background of the site,
that was retained until 2001, the historical archival records, especially about construction
activities, are not available for public research.

Within the analysis based on the comparative method, as well as the examination of used
materials in the complex, like reinforced concrete, Austrian-size bricks, cement mortar etc., it
can be presumed, with a high level of certainty, that the Austro-Hungarian army rebuilt the
complex and formed it according to general guidelines for contemporary military facilities [10].
It still remains unclear which of the old Turkish buildings were retained, if any were at all at that
time, yet it is known that the campus was for sure the home for infantry and artillery garrisons
of the Ottoman troops [11].

008-018 | 11
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Again, the exact time of the complex reconstruction is unknown, but its position had been
already noted in a so-called “Austrian map”, a map that indicated the existing and planned
buildings as well as buildings to be demolished in the period 1880-1884 (Figure 1).

ARLL K & tock, el arme. I & Hof-a Satsdnickerst

Figure 1. Banja Luka and its surroundings on one of the Austrian maps dated in 1863. This map edition is issued 1863
in “Wiener Zoll” scale, dimensions 24x20cm [9]

In favour of that there are other facts, cross-referenced to construction activities on the
surrounding military facilities, like the Military hospital complex, located in the present-day
Mladen Stojanovi¢ Park situated northern from the Campus, with the Monument to fallen
soldiers, and the central Military Headquarters, western from the site, all built in the first years
of the Austro-Hungarian rule [8].

It is important to understand two significant local, territorial settings in order to properly
perceive the present-day Rectorate building location and orientation. The first is the site of the
Military Authorities’” Headquarters (Militaramtsgebaude Ger.) which was built in 1879, on one
of the most prominent cross-roads at the time: the main street oriented north-south,
KaiserstraRe, and the former Street of Banja Luka Field, oriented east-west, heading to the
Vrbas River with the Military campus Vrbas on its left bank (Figure 2). The second setting is the
orientation and treatment of the Street of Banja Luka Field, today the Alley of Saint Sava, which
at the time received a rich tree alley and prominently linked the military headquarters and the
Campus. The alley is perfectly aligned with the Campus orthogonal disposition, with a
dominating central building, the subject of this paper, set at the end of it so it prominently
marks the end of the alley [8]. As it can be seen in the historical photos dated in 1908 [12], the
central building was situated with its longer axis orthogonally to the tree alley, exactly as the
present-day Rectorate stands. Since significant military constructions by foreign authorities
were not recorded in years prior and obviously during the World War |, it can be assumed that
the main building in its full shape and extent was built as an extension, less possibly a
completely new construction on the place of the former central building during the Kingdom of
Serbs, Croats and Slovenes, later the Kingdom of Yugoslavia.
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Banjaluka, Wﬁ'lifé'riager

Figure 2. Military campus Vrbas. View of the entrance alley; postcard issued in 1908 [12]

The present-day Rectorate building (Figure 3) corresponds to a typical office or residential
building from the early XX century built in countries with the Austro-Hungarian legacy — many
similar buildings with the functions of convents, railway stations, schools etc. can be found
around the former Empire, dated either during or shortly after the Austro-Hungarian era. It has
a strongly emphasized longitudinal axis, oriented north-south, divided into five partitions:
central and side Avant-Corps, all interconnected with side wings. In structure, it has a slightly
elevated ground floor with two floors above, and a basement only below the central part and
side wings. The main corridor is located on the eastern fagade, with the office rooms on the
west, facing the aforementioned tree alley, almost entirely flanking the fagade and significantly
obstructing the sunlight.

Figure 3. View of the western facade with the main entrance to the Rectorate building. The examined room is the
uppermost right in the view, as indicated on the image.

4. MEASUREMENT METHODOLOGY

The examined room is located in the southern wing, next to the central corps, on the second
floor. It is oriented to the west, with an administrative function and usual furnishing
displacement. The floor plane of the 2" floor and the indication of the examined office are
shown in Figure 4. Since the position of the measured point is defined by the working plane
position, it wasn’t necessary to create a grid of measured points over the entire room. The
working plane is at 0.85 m height above the floor. The illuminance values, measured during the
same hour of different days, are compared with the Standard and to each other. As it can be
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seen from the figure, the window of the examined room is dislocated with respect to the center
of the external wall and it is in the corner of the wall whose thickness is around 0.5 m limiting
the angle of daylight incidence in the room. Also, the ratio of the window surface to the floor
surface is approximately 1/7.
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Figure 4. Floor plan and the longitudinal section view of the 2nd floor with the indication of the examined office,
present conditions

For the purpose of the illluminance measurement, which is preformed according to the
standard EN BAS 12464, the data logger Almemo Ahlborn 2690-8 and corresponding sensor-
luxmeter were used (Figure 5). Technical specifications of the instrument are: the illuminance
measurement range (0 Ix to 260.000 Ix), accuracy +5% (optional < 3%) and spectral correction.
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Figure 5. Almemo Ahlborn 2690-8 (left), luxmeter (right)

5. RESULTS

The results of the daylight measurement are shown in the Table 2. The shown values are
averaged around the given hours at 9 a.m., noon and 3 p.m., respectively, for two overcast days
in July and August. The average measured illuminance value varied from 31 Ix to 263 Ix on the
first day of measurement (17™ July) and from 83 Ix to 323 Ix on the second day of
measurement. The minimum illuminance of 13 Ix was measured at 9 a.m. on the first and the
maximum value of 438 Ix was reached at noon on the second day. Comparing the results of
measurement to the prescribed standard values for this type of office, the conclusion is that
the average illuminance has to be from 300 Ix to 500 Ix which is fulfilled only for the value of
323 Ix recorded on the second day at noon (Table 2).

The daylight factor was calculated using the Equation 2 shown in Table 2. As it can be seen, DF
varies from 0.62% to 5.26% on the first and from 1.66% to 6.46 % on the second day of
measurement. The minimum DF of 0.62% was measured at 9 a.m. on the first and the maximum
of 6.46% at noon on the second day of data taking. Four out of six measurements fullfil the
requirement of minimum DF 2%, while 3 out of those are greater than 5% in which case the
room is considered as daylit and no electric lighting during most of the daytime is needed. This
is the case for the first day at 3 p.m. 5.26% and two on the second day 5.32 % at 9 a.m. and the
maximum value 6.46% taken at noon (Table 2).

Table 2. The measurements of the illuminance and daylight factor

Date Time(hour) Emin(Ix) Emax Eav(Ix) DF(%)
Emax(Ix)

17.7.2020. 09:00 13 47 31 0.62
12:00 80 245 165 3.3
15:00 180 338 263 5.26

18.8.2020. 09:00 47 331 266 5.32
12:00 95 438 323 6.46
15:00 45 347 83 1.66

For the examined room, the illuminance and daylight factor have been simulated using the
software Design Builder V 5.5.0.012 [13,14]. As the input for the simulation certain criteria have
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been used: the analyzed area is georeferenced on the geographical coordinates of Banja Luka,
the altitude of Banja Luka is defined, the Rectorate building was modeled considering the
surrounding buildings which could influence its daylight. Furthermore, the office is
dimensioned based on the recorded light dimensions and placed at its absolute elevation, the
wall thicknesses are dimensioned, the window is with defined dimensions of the glazing and
the frame, defined glazing type. Finally, all internal surfaces are assigned their characteristics:
material class, roughness, emissivity, solar absorption, etc. The resulting distribution of the
simulated daylight is shown in Figure 6 where colors are ranging from the black which
corresponds to the darkest, and red to the brightest parts of the working plane.

The simulation has been performed for three eligibility criteria: LEED EQ 8.1 credit, BREEAM
Health and Wellbeing Credit HEA 01 and Green Star IEQ4 credit.

LEED Credit EQ 8.1 defines the condition that at least 75% of area in occupied spaces needs to
be adequately daylit with the illuminance above the minimum threshold value set at 269.098
Ix. This condition failed because only 33.3% of the area meets the requirement.

BREEAM Health and Wellbeing Credit HEA 01 define condition that at least 80% of area is
adequately daylit. There are two conditions which must be met at the same time: the minimum
threshold value of daylight factor is 2.0% and the uniformity ratio is at least 0.3 or a minimum
point daylight factor of 0.8% (spaces with glazed roofs, such as atria, must achieve a uniformity
ratio of at least 0.7 or a minimum point daylight factor of at least 1.4%) [13,15]. For the building
considered here the obtained average DF is 2.2%, however the minimum DF is 0.61% and
uniformity ratio 0.28. That means that the first condition is met and the second one fails.

Green Star Credit IEQ4 performs the calculation based on the percentage of the area with the
minimum daylight factor: DF at least 2.0%, and daylight Illuminance of at least 250 Ix [13]. These
criteria are also not met since the minimum DF is 0.61% and the working plane area within the
limits is 28%.

Comparing the measurements and simulation of daylight performance, the conclusion is that
there is inadequate daylighting during most of the time.

DF LUX
1471 - 2351
11.76 1881
8.82 1411
588 941
294 4an

0.00

Figure 6. Distribution of the simulated daylight in the examined room
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6. CONCLUSION

The measurement and simulation of daylight performance in a representative office of an
Austro-Hungarian heritage building located in Banja Luka, Bosnia and Herzegovina has been
presented in this paper. Two physical quantities have been used to analyze the daylight
performance: the illuminance and the daylight factor. The obtained results of measurement
have shown the illuminance and DF vary with time and during the most of the time the criteria
prescribed by the standard are not met. The simulation of these two quantities has been done
using the Design Builder software for different criteria and none of them is completely satisfied.
The conclusion is that daylighting is inadequate. Therefore, the electrical lighting must be used
during the day, having a negative impact on the energy efficiency and sustainability of the
building.

It is obvious that apart from the room dimensions, the position and the surface of windows
have a great impact on the visual comfort in the building as well as the building construction.
Since the examined building is a cultural heritage, the next step of investigations is going to be
a more detailed analysis of the building, measurements and simulation. Moreover, some
specific building parts, like window casings and enclosures, fixtures and glazing need to be
properly addressed in order to propose the improvements of the daylight performance while
not changing the building elevation view and endangering its historical and ambiental values.
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ABSTRACT

This paper deals with the communication traits of architecture. This paper mainly aims to analyze and
interpret an architectural work upon the theoretical model that is in the function of a methodological
procedure, and to point out its communication traits as architectural values. The first part sets the
theoretical framework related to the forms and characteristics of architectural communication, while the
second part of the paper is conceived as a qualitative study of the communication traits of architecture
of the National Theatre in Zenica by Jehiel Finci and Zlatko Ugljen, according to the theoretical setting.
The result of the research shall be seen as potential for the application of theoretical, practical and
methodological scientific contribution hence theory - based communication in architecture shall be
expanded. The same shall be applicable for the critical analyses and understanding of the values of an
architectural work, as well as methodological approach in the architectural design.

Key words: architecture and communication, architectural theory, National Theatre, Zenica

KOMYHUKALIMICKA CBOJCTBA APXUTEKTYPE HAPOZHOT MO30PULLTA Y
3EHULM

ATICTPAKT

OBaj paf ce 6aBM apXMTEKTOHCKOM KOMYHMKauujom. OCHOBHWM LW/b paja jecTe fa Ce Ha OCHOBY
TEOpUjCKOr MoZena Koju je y GyHKLMjM MEeTOA0NO0WKOr NOCTYMNKa aHaAn3npa U TYMaun apXUTEKTOHCKO
4jeno, Te 4a Ce yKa)ke Ha teroBa KOMYHWKaLMjCKa CBOjCTaBa Kao BPUjeaHOCTU apxuUTeKType. Y npBom
Anjeny ce NocTaB/ba TEOPUjCKM OKBUP BE3AH 33 06/IMKE U KapaKTEPUCTUKE apXMTEKTOHCKE KOMYHUKaLuje,
OOK je ApyrM AMo paja KOHUMMMPAH Kao KBAa/MTATUBHO MCTPaXMBake KOMYHUKALMjCKMX CBOjCTaBa
apxutekType HapogHor nosopuwrta y 3eHuum aytopa Jexuena ®PuHumja n 3naTka YrbeHa, npema
TEeopwnjcKkoj noctasum. Pesyntat paga ornefa ce Kpo3 TEOPUjCKM, MPAKTUYHM U METOLO/OWKNA HayYHU
BONPUHOC, Tj. Ka0 MOTyNHOCT NpMMjeHe TeopujcKe OCHOBE 3aCHOBaHE Ha KOMYHWMKALMjCKMM CBOjCTBMMA
APXMTEKType 32 KPUTUYKY aHaAn3y M Tymayerbe BPMjeHOCTU apXUTEKTOHCKOr Ajenia, Kao U OCHOBA 3a
MeTOZ,010LWKM NOCTYNaK Y NPOLLeCy NPOjeKTOBakba.

KrbyyHe pujeyu: apxMTeKTypa U KOMyHMKaLLMja, apXMTEKTOHCKa Teopuja, HapoaHo nosopuwTe, 3eHnua
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1. INTRODUCTION

In the contemporary architectural discourse, the issue of architecture as an active actor in the
communication of space, culture and people, is essential for its understanding. In this sense,
the focus of the perception of architecture as a completed physical form has shifted to the
processes of interaction of concepts, space and participants (users).

Art, and thus architecture, although not created out of a desire to communicate or convey
something (thought, state of mind, emotion), is based on communication processes. [1:5] Every
cultural and civilizational product can be considered communication, and works of art and its
aesthetic communication are seen as a special challenge. The creation of art, and thus
architecture, in its nature, is based on aesthetic intention, of which the process of
communication is an integral part. In this sense, the focus of this paper is to study the
interactions, forms, specificities and communication processes of architectural creation.

The French communication theorist Abraham Moles was among the first to analyze the
relationship between information theory and aesthetic perception. He stresses the
informational character of the work of art, because the artist wants to evoke an echo in the
spirit and sensibility of individuals, as participants in the process of perceiving the work.
According to Moles, the work of art is not only a conveyor of a message (content, semantic
values), conveying aesthetic information through its medium, it shows the forms and ways of
creation, while always remaining open to further action of the viewer, listener or reader.
[2:147-173].

The relationship between communication and architecture is problematized in the
work Culture, Information, Communication by the Italian semiotician Umberto Eco, in which he
considers architecture as a form of semantic information through which artistic meanings are
conveyed, while discussing the overall cultural framework through the aspects of
communication. [3: 207—-270] Eco considers art and architecture as a cultural phenomenon at
the level of language, which presupposes an analogy with linguistics, as one of the
methodological approaches in reading an architectural work. This also means the introduction
of the text-context relationship, where the specificity of the context in the architectural
discipline is read in its dual form: as a material (spatial) and immaterial (social) contexts.

Considering the perspectives of the contemporary approach to architecture, there is a
possibility that architectural communication is not ultimately determined and defined by the
author, but that in its creative work it itself, through aesthetic information, opens the possibility
for multiple readings through action. The meaning and experiences of space in this sense are
not a fixed structure, but rather a form of development, which through contextual
interpretation and interpretation in the process of communication in a given time, is
concretized through authorial creativity and personalization of users. In other words, shifting
the perspective of studying architecture from the completed physical form to the very act of
communication, to what it means, symbolizes, represents and how it is directly experienced,
we talk about the forms and character of architectural communication - which is further laid
out in the following chapter.

1.1. FORMS AND CHARACTERISTICS OF ARCHITECTURAL COMMUNICATION

The American philosopher Susanne Langer highlights two forms of experiencing a work of art,
discursive and intuitive; discursive can be understood in the semantic system of meaning, and
it is related to the experience of the external objective world, while the intuitive form is related
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to the subjective experience. [4:23] To define this difference, Langer introduces the notion of
designation as a notion that differs from meaning, referring to what is expressed and
experienced in a sensual form. We can interpret two forms of experience as objectivism and
subjectivism, alike.

Architect Bernard Tschumi has a similar line of opinion. According to his studies, architecture is
a medium for the communication of concepts, but also for producing experiences of space.
Architecture always produces something else, in addition to representing itself. Immediate
personal experience of space is seen as a powerful means of achieving spiritual content.
Tschumi adopts this dual nature of architecture that balances between two focuses through
the notions of the labyrinth and the pyramid, where labyrinth concentrates on the sensual
experience of space, while the pyramid is focused on the reason, establishing a dynamic and
dialectical relationship with one another. [5:76]

In the context of previous studies, and analogously to the mentioned divisions and their
multiple meanings, two directions of examining the communication traits for the interpretation
of the meaning and experience of an architectural work are defined:

1) discursive form of architectural communication — communication traits of architecture as
representations, the meaning of which in architecture is connected in a broader contextual
sense and cultural-social system

2) phenomenological form of architectural communication - communication traits of
architecture as direct communication of expressiveness, non-representational character: which
refers both to the mechanisms of architectural language and to the characterization of the
psychophysical and emotional relationship between subject and space.

The next two subchapters consider "in depth" two forms of architectural communication
stratified into their characteristics, which can be used as tools to interpret a specific
architectural work, in this case, the National Theatre in Zenica of the architects Finci and Ugljen.
[6: 56-99]

1.2. DISCURSIVE FORM OF ARCHITECTURAL COMMUNICATION

The discursive form of architectural communication is understood as the semantic system of
meanings as part of a broader view of society and cultural references related to the creation
and understanding of the architectural work.

More specifically, the way we understand architecture in a symbolic sense through the use of
metaphors that we use in the mimetic mechanism, focusing on the cognitive values of the
narrative, is being studied. It is a fact that architecture derives its meaning from the
circumstances under which it is created. Therefore, everything that is outside of architecture is
important, and that can be included in the sum of its functions. [7:254]

We can view the theory of metaphor as an instrument for the production of meaning and
expressiveness that arises from the contemporary interpretation of the mimetic mechanism as
a natural human aspiration to absorb one's environment and its symbolic articulation, and thus
identification. Originally, metaphor is a comparison, but in an implicit way, which points to the
cognitive processes of analogy in the origin of metaphor. [8:367]

Metaphor initially appears in the process of creation as a conceptual system, while in the phase
of reception, i.e., conceptual interpretation of meaning and significance, it occurs through its
expressive characteristics. The phenomenon of metaphor, in the field of architectural
communication, is naturally present in the creative and contemplative process of the creator,



ACEG+ [8] 2020 8[1] M. Mili¢ Aleksi¢, M. Male3evi¢, D. Stupar Communication Traits of Architecture of...

as well as in the structure of perception, and, finally, the observer’s/participant’s reception and
understanding of an architectural work. In addition to the dominant function of metaphor - as
an instrument for conveying the message, it is also a significant figure in building the
expressiveness of architecture. In this sense, metaphor can be a key design strategy throughout
the design process - from the setting of spatial disposition, formal and functional characteristics
of architecture, to the use of materials.

We observe the metaphor in a broader system of the mimetic process. The impulse of mimesis,
as explained by the German philosopher Theodor Adorno, refers to the natural tendency of the
creator to absorb the environment through layered perception, and thereafter, he processes
its content through the creative process, which he finally, in a symbolic way, articulates and
incorporates into his own (artistic) work. According to him, mimetic processes are present in
the creative process at an early intuitive stage and before the creator engages in conscious
imitation and rational action. This thesis supports the understanding of the project process,
which is not exclusively based on rational thinking, but is imbued with intuition and imagination
in understanding and creating things (the world) that surround us. On the other hand, the
mimetic process is also present in the reading of the work, where the recipient, in a semiotic
apparatus, decodes the meaning by revealing the similarity that is re-articulated in the creative
expression. [9:15]

According to this approach, the architect absorbs material and immaterial
characteristics/values of the context in the design thinking through a mimetic mechanism, and
then incorporates them through symbolic articulation and metaphorically transposes them into
a new value. As for the observer/participant, in this mechanism, it is through metaphorical
expression that they recognize and adopt the recognized values with which they identify
himself. Hence, metaphorical expression in a mimetic system can be viewed as a way of
expressing the - emotional, ideological, conceptual, symbolic - character of the context shaped
through authentic creative expression and re-recognized and accepted by the observer.

1.3. PHENOMENOLOGICAL FORM OF ARCHITECTURAL COMMUNICATION

The phenomenological form of communication in architecture refers to the analysis of an
architectural work as a phenomenological structure in which the interweaving and integration
of a multisensory physical phenomenon and its subjective experience take place. This
communication trait of architecture refers to the immediacy of interaction in the encounter,
and implies a state of direct connection, where the issue of meaning is realized through the
psychophysical contact of the body and the intensity of space. This form of communication
derives from phenomenological research methods that focus on examining sensory
phenomena and subjectivity of experience, introducing layers of intuitive and unconscious,
through the ephemerality of phenomena that architecture produces within the spatio-
temporal perceptions of space.

In a broader sense, phenomenology is part of philosophy that deals with phenomena as a form
of expanding and deepening reality. The French philosopher Maurice Merleau-Ponty takes this
direction of philosophical thought by examining the correlation of the body and sensory-motor
functions, and its settings are often the starting point in phenomenological research in
architecture. [10:77] Merleau-Ponty’s philosophy nullifies the Cartesian division of mind and
body by examining the way in which bodily stimuli and situations link us to the world and affect
our mind. In the postmodern period, thanks to theorists and architects who use this approach,
the emphasis is placed on the subjective bodily and unconscious connection with architecture.
Both phenomenological thinking and phenomenological analysis in architecture focus on the
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way things are created and how the elements of space, light, colour, sensuality of materials and
specific details interact. [11:345-387] Phenomenological analysis in architecture refers
primarily to sensory properties, and is read through different scales of direct interaction, all the
way to the overall impression of space, i.e. the atmosphere of space and its expressive value.

The two architects that are mostly dealing with the atmospheric phenomenon in architecture
are the Swiss architect Peter Zumthor and the theorist and lecturer Juhani Pallasmaa, who
approach this issue from different research positions, but both use the term "atmosphere" to
emphasize a general emotional impression about an entire building or its fragment.

Zumthor connects the issue of the atmosphere with the quality of architecture and in that
sense, it is an aesthetic category for him. As he explains in his book Atmospheres, it is the initial
and immediate experience of space, a phenomenon that acts emotionally on a person, where
he interprets emotional sensibility as a form of perception that acts quickly and directly. His
further study of the atmosphere refers to the relation of corporeality and the total
materialization of space, where bodily experience is considered through the synaesthetic
experience of space. In addition to the relationship between man and space, author’s notion of
the atmosphere is seen in the relationship of a building with its environment in which it is
placed, i.e., the way it is located and becomes a constructive part of the environment.
Therefore, the phenomenon of the atmosphere for him is essential for building a concept, and
consequently an emotional form of perception, as defined by Zumthor. [12:13]

In his essay Space, Place and Atmosphere: Peripheral Perception in Existential Experience
Pallasmaa defines the phenomenon of the atmosphere similarly to Zumthor in the sense that
the atmosphere is a spatial quality that ensures and highlights sensory experience. Pallasmaa
stresses that man is able to instantly feel the atmosphere of space, before analyzing details and
intellectually mastering elements, such as being able to form a clear image, feeling, as well as
to retain a clear memory of a particular atmosphere: ,Assessing the character of the
environment is a complex interweaving of countless factors that are currently and synthetically
perceived as the overall atmosphere, ambience, feeling or atmosphere”. [13:18-42] Therefore,
the issue of atmosphere according to him is an issue of existential experience of space as a
qualitative value of architecture that fully engages human sensuality. [14:64]

The discursive and phenomenological form of architectural communication through the
characteristics set forth in the second part of the paper are used as tools for the interpretation
of a specific architectural work. The issues of meaning and experience of space realized through
ways of communication in the discursive and phenomenological form will be problematized
and analyzed on the example of the National Theatre in Zenica of the authors Jahiel Finci and
Zlatko Ugljen.

Each of these approaches has its advantages and limitations, but placed in relation, they
complement one another and allow a more comprehensive analysis of the specificities of the
communication traits of architecture.

2. ANALYSIS OF COMMUNICATION TRAITS OF THE NATIONAL THEATRE IN
ZENICA

In 1978, the National Theatre in Zenica was declared the best architectural achievement in the
former state of Yugoslavia. The authors of this building, architects Jahiel Finci and Zlatko Ugljen,
received then the highest recognition in the field of architecture within the former Yugoslavia,
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the "Borbina" award. The city of Zenica was a centre for steel production in Bosnia and
Herzegovina, as well as in the former Yugoslavia, which is certainly the first association with
this city. However, Zenica is also a city with a vibrant tradition of theatre. The National Theatre
is located in the centre of the city, on the central square, with city streets on all four sides of it.
According to the project, the new building of the National Theatre, with its diverse content,
aimed to become the centre of cultural life of this industrial city. [15:56]

Figure 1. Freehand sketch, author arch. Zlatko Ugljen. National Theatre, Zenica, BH, designed in 1974. [15]

To present the communication aspect of the architecture of the National Theatre, the methods
of architectural, graphic and diagram analysis were used, as well as the method of analyzing
the direct experience of buildings of special importance for considering the interior form of
communication, as well as the method of observation and photography in the field.

The architectural analysis begins with the presentation of the author's original freehand sketch.
The sketch shows the clarity of the main idea (concept) — the essence of which is materially
embodied in reality. The sketches of the author Ugljen point to a summary of thought and
sensitivity which, through further engineering precision, turns into exactly what the architects
set at a primordial creative level at the very beginning of the project.
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Figure 2. National Theatre in Zenica, entrance fagade by the author arch. Jahiel Finci and arch. Zlatko Ugljen, [15]

Figure 3. National Theatre in Zenica, by the author arch. Jahiel Finci and arch. Zlatko Ugljen, a-base floor, b-side view
[15]
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2.1. CONSTRUCTS OF DISCOURSE COMMUNICATION

The concept of complex ambiguity and elements of metaphor as an instrument of meaning and
communication can be noticed on the example of the theatre building. The spatial geometry
with which the structure of this house is built is a minimal set of shapes and materials, but of
special signifying functions and great expressiveness. The structure of the building is primarily
built by two corpora - the basic dominant corpus containing all the contents of the theatre and
the entrance part sequentially placed on the facade.

The external shell — the membrane of the theatre building is a complex place of connection
between the interior of the house, its function and the metaphorically interpreted exterior of
the context in which it is located. A dialogue of internal content and relationship to the context
of the city is established through its form and materialization. This mechanism can be seen on
the membrane of the main building, where the connection between architecture and theatre
is established. Compact parallelepiped is framed by a portal built by four roundels and a strong
wreath connecting them. At the level of the facade, this complex establishes an associative
connection with the form of the theatre scene as four portals - four stages. The level drawn
inside the white frame is coated in corten steel and its dark colour contributes to the effect of
depth - like the depth of a theatre stage. Passers-by, projected into these architectural illusions,
are actors of an articulated theatre scene. In this way, an intersemiotic connection is
established between architecture and the theatre. At the same time, at the level of material
use, the corten steel, which dominates on the surface, is symbolically linked with the "city of
steel".

The morphological syntax of the basic corpus is the dominant parallelepiped, cylinder and
pyramid, which are used to build an intersemiotic metaphor. The spatial geometry of the basic
corpus with its entire appearance - four pillars at the corners with the theme of grooves that
emphasize their monumentality and verticality, a rim that unites the pillars horizontally, and a
withdrawn inner corpus - on an abstract level is a reference to the temple archetype as the
Talia® temple — as a spiritual stronghold.

The basic corpus is dominated by the over-stage space, thus expressing the typological
affiliation of the building. However, its final form on an associative level evokes a square hip or
“pyramid roof”.

The metaphorical mechanism that connects other cultural systems can also be analyzed in the
entrance corpus, motivically and sequentially placed in relation to the main corpus, in order to
bring the building closer to human proportions by applying different proportions. The
elongated entrance cube is framed by a geometrically expressive monumental double white
frame. The amorphous steel sculpture of the famous Yugoslav sculptor Dusan DZzamonja
completes the meaningful articulation. The whole composition builds a theatricalization of the
entrance scene. The re-observation of heterogeneous elements establishes an intersemiotic
metaphor between the theatre and architecture. The entire composition is read as a theatre
stage through reference codes, and passers-by on the open plateau are now the audience.

! Talia - mythologically, one of the three graces, one of the nine muses, the muse patroness of poetry, comedy,
hence Talia's temple as a theatre.
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The mechanism of metaphor, as seen in the given example, is an effective instrument for
conveying meaning. Among other things, it is the bearer of the poetic qualities of the
architectural form, similar to its use in language. A strong metaphor as a means of expression
communicates the essence of an object and its appearance, while its associative capacity acts
in a way that the object becomes recognizable and noticeable. It is about the appearance of a
virtual experience of symbolic and conceptual connection in the observer, which occurs in the
process of connotation to the "object" and the transfer of meaning to which the architectural
expression refers.

Three dominant composition
elements:
parallelepiped, pyramid and cylinder

The pillars and the rim build the
elements of metaphors of the theatre
port

Transmitting the theme of the stage
to the front of the building

Figure 4. National Theatre in Zenica, Diagram analysis: metaphorical transferring the theme of theater to the form of
an object. Authors of the diagram M. M. Aleksic¢ and S. Peuli¢
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In this sense, mimesis, as an instrument of meaning and expressiveness, which is in the category
of representation and refers to cognitive processes, serves as a linguistic mechanism that works
on the principle of semiotic apparatus, where the use of metaphorical narrative allows symbolic
action. We can conclude that the concept of mimesis in the creative process is present in this
architectural work.

The analysis of this architectural work points to its complex multi-layered nature, which points
to different semantic interpretations that overlap and intersect. The presented metaphors of
theatre and stage, actor and spectator, city and history, shaped through the authentic
architectural vocabulary of the National Theatre in Zenica, are a true example of the
appropriate use of discursive forms of communication.

2.2. CONSTRUCTS OF PHENOMENOLOGICAL COMMUNICATION

The experiential properties of the space are directed through careful framing from the very
approach to the object. Depending on our movement and position, there is a constant dynamic
change of the whole situation, so that this composition multiplies into constantly different
complex figures, increasing the duration as time spent. A theatrically dynamic atmosphere and
emotional sensation are achieved.

The focus is on the event or the experienced and embodied image, as Pallasmaa explains. A
particularly important psychological place of spatial illusions is at the very entrance to the
object of theatrical illusions, where for a moment we separate ourselves from everyday life and
live somewhat different moments in life. Here, architecture should act on our mood and
emotions with architectural illusions through sensory sensations.

The architectural promenade begins with an interspace - a transitional place between the
exterior and the interior (between the openness of the square and the actual entrance to the
building). Spatial stratification problematizes the relationship between open and closed, and it
is a matter of gradual discovery of space in the sequences of the entrance portal.

As previously discussed, the entrance portal in the metaphorical mechanism with its plastically
shaped form contains the associative function of the stage. In addition, at the subjective level
of access, movement and experience, with its expressive form and monumentality, it has an
emotional effect on the observer/visitor. The expressiveness of this enlarged and visually
dynamically open fagcade, among other things, is built by playing the full and the empty game,
element structure of which composes the rhythm and character of light and shadow. In this
case, the light is dramatically structured through the cleft of the two-part frame, which defines
its position and sharpness. The light that fills this cleft changes depending on the day, season
or hour, which consequently changes the subjective impression of the structure. Thus, in
addition to the expressiveness of form, as one of the forces of action, we notice that immaterial
components, such as emptiness, cleft, light and shadow, are also equal building blocks of the
overall composition and atmosphere.

Within these sharp material and immaterial elements, the sculpture of DuSan DzZamonja
completes the entire composition. Its shape amorphousness materialized in steel chains
contrasts with its white purist vertical pedestal. At the same time, together with these spatial
forms, it acts as a steel cobweb of soft shadows that constantly vibrates in the light. The
materiality and expressive texture of the sculpture evoke tactile experiences - the smell of steel
and even its temperature.
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Figure 5. National Theatre in Zenica, Graphic illustration: building the atmosphere with light and shadow -
composition of the entrance portal. Authors of the diagram M.M. Aleksi¢ and S. Peulic¢

Different scales of direct interaction, through multisensory stimulation of sensory experience
applied through volume, construction, but also the detail itself produce different
phenomenological sensations. The composing itself directs the gaze, and for a moment the
inner volumetry of the dominant cubes is felt. Different angles of light, its reflection, refraction
of light and shadows dynamically define space and it is constantly changing and represents a
psychological and sublime field of architectural phenomena. The discovered elements of the
construction are also expressive elements that participate in the construction of the overall
composition. The shadow seduces us on an unconscious level, attracts us to explore ephemeral
images, to become a part of it. Shadow, as an immaterial architecture, is directly dependent on
the position of material elements, and its variability introduces us to abstract communication
with the environment. [14:46] Carefully designed details, through the appearance of form and
materialization, ultimately articulate the multisensory issues of light and shadow, but also of
the tactile elements integrated into a unique sensory experience. Thus things that are invisible
become visible. In architecture, it is almost impossible to separate these concepts as it is
precisely the combination of form, material and detail in the experiential sense that makes a
unique substance.

3. FINAL CONSIDERATIONS

As for the aim of this paper, a theoretical model of communication traits of architecture has
been established, which has been applied to the analysis and interpretation of an architectural
work as a methodological procedure. In accordance with the theoretical setting, the
communication features of the architecture of the National Theatre in Zenica of the authors J.
Finciand Z. Ugljen were recognized and explained. They were analyzed through two basic forms
of architectural communication: discursive and phenomenological.

The discursive form of architectural communication refers to the meaning and significance of
architecture in a more comprehensive form of cultural mediation and context. This form of
communication is further decomposed into the mechanisms of mimesis and metaphor as
instruments of meaning and expressiveness, characteristics of which are further considered as
constructs in the design process in the analysis of the National Theatre in Zenica. In this way,
the communication traits of theatre in various forms of appearance, from the very concept
through the form and spatial structure, were explored.
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Communication-wise, it is through the discursive architectural analysis of the National Theatre
that the mimetic absorption of the environment is noticed, as well as material and immaterial
characteristics that are collected in the creative mind of architects, and then symbolically
articulated in a physical manifestation. The concept of metaphor within this mechanism is
recognized as an instrument of symbolic interpretation and objectification in the production of
meaning in relation to the social and cultural reality of the context. In the semiotic system of
signs we see how the authors Finci and Ugljen turn architecture into a legible sign in which the
presence of the signified is reflected and thus establishes a discursive form of semiotic
communication. The context of the city of Zenica and the very theme of the theatre are
recognized in the signified, while the signifier is formed by a completely modern and autopoetic
expression.

The phenomenological form of communication in architecture refers to the aspect of internal
communication, i.e., subjective experience in direct encounter with architectural space, where
meaning is produced, reproduced and experienced. Phenomenological characteristics refer to
both the internal mechanisms of architectural language and its immediate expression and to
the nature of psycho-physical contact between the subject and space, which is related to the
non-representational character of architecture. This form of communication is decomposed
into its characteristics through notions such as: sensory experience, perception - time and
atmosphere which are analyzed as constructs in the design process of architects Finci and
Ugljen.

What is noticeable in the form of phenomenological communication is the sensitivity of the
relationship of these two authors to the overall atmosphere or ambience of space, which arises
from the meaning of the relationship between the elements of architecture, light, materials
and details. The concept that stands out in the treatment of the building of the National Theatre
is shaping with light, which as an element of innovation, makes a difference and contributes to
the artistic authenticity of this building. It is about tactile research and sensory properties that
space emits in alternating multiscalar confrontation and permeation of different volumes, light,
shadows, which produce emotional sensations in users. The architectural detail of this building
as a special form of narrative is noticed as an exceptional architectural value. The specificity of
the sensibilities of the authors Finci and Ugljen is manifested through detail, while a special
layer of tactility is introduced into the experiential experience of space, which increases the
overall phenomenological experience of architecture. Finally, the artistic and form synthesis
from the macroplane to the microplane contribute to the overall atmosphere. Hence, it is read
from the way of interpolation of the object into the environment with respect to the context,
in terms of harmonious ingrowth and its meaningful articulation, to the internal building
elements, construction and shape, all the way to the overall design and the smallest detail.

Through the simultaneous discursive and phenomenological shaping of communication, a
complex relationship is observed in the conceptual and semantic constitution of architecture,
which cannot be subsumed under an exclusively objective meaning, nor an individual and
subjective experience. The interpretation of the architecture of the National Theatre in an
ambiguous and complex relation to each individual theme pointed to the communication traits
as values of architecture in a symbolic sense and at a phenomenological experiential level, alike.
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MOCTOBWU U3FPABEHU HA MPOCTOPY PEMYBUKE CPMNCKE TOKOM
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ATICTPAKT

McTopuja mocTorpagre obusbexkeHa je HeBjepoBaTHUM AOCTUTHYhMMA M HOBUM TeXHO0TMjama Koje cy
omoryhusie Aa MOCTOBM NOCTaHY jef,aH O/ HajBaXKHMjWUX anaTta 3a cnajarbe rpajosa v ApKasa. TOKOM cBoje
ZAyre UCTopuje MOCTOBM Cy YCNjenun Aa yTUYY Ha HaLy KyATypy U No6osbLuajy HauMH NyTOBakba, NOC/N0Bakba
uta. bro je ayr nyT op NPBMX MOCTOBA A0 rPaHAMO3HKUX rpaheBnHa. Jonackom OcmaHaunja Ha BankaHcKo
nonyoctpso popmmpa ce HoBa cneumdryHa MOCTOrpaHba, 3aCHOBaHa Ha YTULLAjy OCMAHCKMX MOCTOBa,
anun n 6oraToj Tpaanumnju gomahux rpagmTesba. Y 0oCMaHCKOM Nepuoay NOCTUFHYTU CY U3Y3ETHU yCnjecu y
rpahesunHapcTBy, a Ha npoctopy Penybaunke Cprnicke je Tokom Tor nepuoga usrpaheH 3HauajaH 6poj
KaMeHMX MOCTOBa, KOj1 3ay3MMajy BaXKHO MjecTo y usrpaarbu Tor goba.

KroyuHe pujeyu: Mocm, 0OCMaHCKU Nepuod, KameH, c800

BRIDGES BUILT ON THE TERRITORY OF THE REPUBLIC OF SRPSKA DURING THE
OTTOMAN PERIOD

ABSTRACT

The history of bridge construction is marked by incredible achievements and new technologies that have
enabled bridges to become one of the most important tools for bridging cities and countries. Throughout
their long history, bridges have managed to influence our culture and improve the way we travel, do
business etc. It was a long way from the first bridges to the grandiose constructions. With the arrival of
the Ottomans on the Balkan Peninsula, a new specific bridge construction was formed, based on the
influence of the Ottoman bridges, but also on the rich tradition of local builders. Remarkable successes
were achieved in the construction in the Ottoman period. A considerable number of stone bridges were
built in the territory of the Republic of Srpska during that period, which occupy an important place in the
construction of that period.

Key words: bridge, ottoman period, stone, vault
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1. YBOJ,

MaKo BaXkHa y eBoNyUMjU U3rpagHe MOCTOBa, NCTOPUja MOCTOrpaHe 3ay3nma MapruHaaHo
MjecTo y MHOTMM UCTOpUjaMa apxuTekType. Mehy cTapym mocTtoBMMa NocToje rpahesuHe Koje
cagpre MHOro efiemeHarta Koju UcTuuy u obusbexkasajy ogpeheHn nepmos rpagtbe, BjelwTuHe
M KPeaTUBHOCTM APEBHUX rpaguTesba y ApywTBMMa M3 npownoctu. lonackom OcmaHnmja Ha
bankaHcko nonyocTtpeo popmupaHa je HoBa cneunduryHa MOCTOrpagHa, 3aCHOBaHa Ha yTuLajy
OCMAHCKMX MOCTOBa, anun u boraToj Tpaguumju gomahux rpagutesba. OcMaHauvje cy nocTurie
n3yseTHe ycnjexe y rpahesunHapctay. M3pasa u KpeaTUBHOCT CTapux rpaguTesba nocebHo ce
MCNOJ/baBajy Y KOHCTPYKTUBHUM AeTa/bMma. Ha CBUM BaXKHUjUM TProBauykum nyteBuma rpaheHu
Cy MOCTOBM KBa/IUTETHUje u3page. Y noyeTky cy rpaheHn ApBeHW, a KacHUje cy 3a u3rpagky
MOCTOBa KopulwheHa ABa OCHOBHa MaTepujana KaMeH, Hajuelwhe KpeyurbaK, U KpeyHu mantep.
Kanumjym-kapboHaTHe cTujeHe-ceapa Hajuewhe ce KopucTe 3a y4HE KOHCTPYKLMje. Jlom/beHun
KameH je kopuwheH 3a ucnyHy. NMopepa osa ABa maTepujana KopuwheHn cy KoBaHo reoxhe u
on10Bo. KOHCTpyKUMja je cTepeoToMcKa, @ 6poj n 0banK CBOAOBA je Y 3aBUCHOCTU Of, WMPUHE
pujeke n nsrnega obana. Obane marbux cnojeHe cy jegHUM, a Behux, WMPUX pujeka HU3oMm
cBoA0Ba. MHOIrM MOCTOBM carpaheHn y 0CMaHCKOM nepuoay 3aA1BJ/byjy CBOjOM efleraHLLnjom,
BE/IMYMHOM, CHArom, /benoTOM M CTUACKOM aoTjepaHowhy, a Ctapu moct y Moctapy n Moct
Mexmepq, nawe Cokonosuha y Buwerpagy cy ynucaHu Ha JIUCTy cBjeTcke 6aliTMHe, WTO je
noTBPAaA 43 CY BE/IMKA apXMTEKTOHCKA gocTurHyha. BpemeHom je Hectao unu owteheH Benunku
6poj moctoBa. Y3pouu wTeTa Cy: noc/beguua nosehaHor HMBoa caobpahaja, yTuuaj
ypbaHuszaumje n mopgepHusauumje caobpahaja, WwTeTe Npoy3poKoBaHe aTMochepckum u
KAMMATCKMM yTUL@jMMa Kao noc/beguua OU3MYKO-XeMUjCKUX daKTopa npupoae, LTeTe
NPOy3pOKOBaHe paTHMM [AejcTBMMA, LITETe Koje cy Hactane ycomwesn aedopmaumja Ha
TemMme/bMMa, yC/bes, HUCKOT KBanuTeTa rpaheBMHCKOr matepujana... [o AaHac cy cavyBaHMu:
MocT Ha ApuHn (MocT Mexmep, nawe Cokonosuha) y Buwerpagy, Moct Ha Xenu y enu, MocT
Ha Tpebuwmunum y Tpebumy, Moct Ha Cywmnum Kog Tpebursa, MocT Ha 3anoMku y Hesecumby...

2. MOCTOBM U3rPABEHW Y PENYB/IULM CPNICKOJ TOKOM OCMAHCKOT
NEPUOIA

2.1. MOCT MEXMEZ MALLUE COKOJIOBURA

M3rpagta mocta Mexmeg nawe Cokonosuha Haj3HauvajHuMju je gorahaj y pa3sojy Buwerpaaa,
jep je Ta rpaheBnHa gana HajCHa*KHWUjU NeyvaT NPEno3HaT/bUBOCTU U UAEHTUTETY rpaja cBe 40
AaHac. OYHKUMOHA/MIHO MOCT je YTMLAO Ha jayare TPaH3WTHe yaore rpaja M MHUUMpake
pa3Boja Hacesba ca cBMM npatehmum cagprkajuma, nocebHo Ha aecHoj obanu pujeke. CarpaheH
je Ha cTpaTelKM BaXKHOM MjecTy Ha Kome je Beh y npBoj nonoBuHKM XVI BUjeka 61Mo ApBeHN MoCT
npukasaH Ha Kypunewwuhesom upTesy. [1:176] MocT npeko [puHe carpaheH je y nepuoay o,
1571. po 1577. roguHe. Y Herosoj nsrpagtbn yyectsoBasie Cy Haj3HayajHWje JIMYHOCTU Tor
nepuopaa; rpaheH je no xesmn 1 Hapegbu Mexmeg nawe CoKkonosuha, a rpagutesb je 6uo
mumap CuHaH. O camoj rpagtM MOCTa NOCTOjU AOKYMEHT, HacTao y Bpujeme Kaga je 6uo y
M3rpastM, a O4HOCU Ce Ha eKcnponpwujauumjy 3em/builTa NOTPebHOr 33 Heroso rpahetse.
YnvcaH y cuuun Buwerpagckor Kagunyka 1575. rogmHe (983). [1:181-182] 3aay:kbuHap
Mexmegq, nawa Cokonosuh, KpwTteHo ume bajo og oua Aumutpuja, poheH je 1505. y ceny
Cokonosuhuma 6113y Kacabe Pyzno y cpnckoj mopoauum o Koje je Kao Ajevyak oABojeH U
ofseaeH npeo y JegpeHe, a notom y Llapurpag. ObpasoBarbe je 3anoyeo y maHactupy
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Mwunewesw. [2:14] 3axBasbyjyhu M3y3eTHUM CNOCOBHOCTMMA HAr/I0 Ce NeHA0 Ha APYLITBEHO]
JbeCTBMUM A0 NO0XKaja BE/IMKOr Be3Mpa, Ha Kojem je 6uo y nepmnoay 1565-1579. y Bpujeme
Tpojuue cyntaHa; CynejmaHa BennuvaHcreeHor (1520-1566), Ceauma Il (1566—1574) u Myparta
Il (1574-1595).

Mctnuao ce Kao cnocobaH Bojckosoha, a APYLITBEHM CTATYC je 0jayao KeHngbom ca Khepkom
cyntaHa Cenumma |l, npuHuesom EcmaxaH. Bennku pgprkaBHUK je AjenoBa0 aKTMBHO M Ha
KYATYPHOM Nosby noauxkyhu jaBHe objekTe WMPOM LapeBMHe, a A0 AaHAC je Heno3HaT NoThyH
CMKnCcaK HeroBux 3aay»buHa pasacytux no Llapurpaagy, EampHu, Xaneny, Meauun, Coduiju,
Beorpagy, Buwerpagy... [1:177-178] VY6ujeH je y ateHtaty 11. okTobpa 1579. roguHe, a
caxpatrbeH je y uctaHbynckoj yetsptu Ejyn EHcapm, y TypbeTy Koje je CuHaHoBO ajeno. [3:149]
Y Bpujeme usrpagre mocta Buwerpag je 6Mo Haces/be HenpaBW/IHE YAWYHE perynaumje,

OpraHM30BaHO Yy YCKMM Maxanama ca oko 700 kyha, yamujom M BENMKUM KapaBaH-capajem
nopega ApwHe. 3a Bpujeme Mexmep, nawe Cokonosuha msrpaheHa je Buwerpagcka barba Ha
JbeKoBUTOM M3BOPY 6M3y rpaga, a y rpagy ce rpage ayhaHu n HEKONMKO jaBHUX yecmu. [4:30]
M3rpagrba mocta nosjepeHa je Kowa Mumap CuHaHy (1489-1588), umje Mme je noctano
CMHOHMM 33 TAKO3BAHM KIACUYHM CTUN OCMAHCKe apXMTEKTYpe npenosHaT y nepuoay 1539—
1588. roanHe, OOK je 61O rNaBHU ABOPCKM apxmTeKTa. [17:13] CmaTpa ce Hajsehnum ocmaHCcKuUm
APXUTEKTOM, HajU3Pas3UTUjUM NPEeACTaBHUKOM TYypCKe YMjeTHUUYKE peHecaHce, a No3HaT je 1
Kao "Bennku apxmtekta CuHaH". [5:97] PoheH je 1489. roguHe y 6a13mHu Kajsepuja (Kayseri),
Y Kpajy nosHaTom MO BjelTUMM rpaguTe/bMma, Yy LUEeHTpanHoj AHagonunjun, y xpuwhaHckoj,
BjepOoBaTHO rPYKOj UK jepmeHCKoj nopoanum. OaseaeH je y jaHndapcke Tpyne 1511. Yyectsyje
Y MHOTMM BOjHMM aKUMjaMa og, LueHTpanHe EBpone ao NpaHa u Upaka. bp3o je Hanpeaosao og,
KOHMUKOTr 0dMLMpPa A0 BOJHOT MHXKerepa. BennKky penyTaumjy CTeKao je HaKoH LWITO je 3a nap
JaHa carpagmo MocT npeKko pujeke MpyTt y Mongasuju. Y TOKy negecetorogulukber paga Ha
MjecTy rnasHoOr rpagutesba, 3a Bpujeme vyetnpu cyntaHa Cenmma |, Cynejmana |, Ceanma Il n
Mypara lll, carpagmo je, NpojekToBao Uan Ha Apyrv HaunH 6uo oarosopaH 3a 118 yamuja, 18
mecumga, 7 Tekuja, 34 meppece, 34 Typbeta, 50 xamama, 34 nanate, 3 6onHuue, 31
KapaBaHcapaja, 12 mocrtoBa... [6:26—36, 11:37] Kako je y4yecTBOBaO y MHOIMMM BOjHUM
noxogyma cycpeTao ce ca pas/MYMTUM KyaTypama Koje Cy umane yTuuaj Ha Heros
rpaautesbcku onyc. CuHaHoB Hajsehu mocT Byjykuekmeue (Buyukcekmece) je gyrauak 635 m,
carpaheH npeko MOpPCKOr pyKasua uamehy MpamopHOr MOpa M UCTOMMEHOT 3a11Ba, Ha NyTy
JeapeHe-UctaHby. JeanHO je HA OBOM MOCTY cavyBaH HaTnNMc ca nomeHoMm CMHAHOBOT MMEHa.
[16:784] 3a Mexmen nawy Cokonosuha carpagmo je Tpu mocta y Annynyy (Alpullu),
Nlynebyprasy (Luleburgaz) u Buwerpagy. [11:37] Kako y cBoM cTBapanaykom onycy MMa BeNnKu
6poj objekaTa, Huje yBUjeK 6o y moryhHOCTM ga pyKkoBogu rpagtom. Hema cymre ga je
MAEjHN TBOPAL, BULIErPaACKOr MOcCTa ynpaso CUMHAH, anu cy HeroBu capagHuLm pykoBoanam
rpahewem.

J/benoTa u eneraHumja BULIErpaACcKOr MOCTA OCTaBWM/IM CYy CHaXKaH YTMCAK M Ha 6pojHe
nyTonucue u KibMKeBHUKe o EBnunje Yenebuje po Metepa XaHakea. EBnunja Yenebuja nuwe ga
CBaKO KO Ce pasymuje y rpaheBMHAPCTBO OCTaje 3anakbeH M 3a4MBJ/beH rneaajyhuv suiierpaacku
mocT, [7:260] a AnekcaHgap MbdepamHr, pycku mnsacnaHuk y Capajesy og 1857. roauHe, y
CBOM MYTOMMCY HAaBOAM Aa Ce 3a ANjenu BULLIErPaLCKM KaMeHU MOCT roBOpU Aa je Hajbosbu y
BocHu. [8:104-105] Map cauyBaHMX LpTeEXKa CBjeaoum o usrnegy mocta y XIX sujeky (camka 1).



AlT+ [8] 2020 8[1] M. Okuss MocTtosu nsrpaheru Ha npoctopy Penybanke Cprcke TOKOM OCMAHCKOT...

Cnuka 1. Lijpmex Mocma Mexmed nawe Cokosnosuha uz 1889. 2zo0uHe

MocTt y Buwerpagy nomuie ce M y HapoAHOM Npefaky, a Hajno3HaTuje npunosjeda o
Heumapy Pagety Koju je aABa nyTta nogurao hynpujy y3 6pojHe Hegahe. He moe ce roBoput o
BMLLErpafCcKkoOM MOCTY @ Aa ce He nomeHe UBo AHapuh, Koju y pomany Ha [puHu hynpuja
nsmehy octanor Kaxe:

...Ha mom mecmy 20e /lpuHa usbuja yesnom mexuHom ceoje 800eHe mace, 3ea€eHe U 3arereHe,
U3 MpusUOHO 30MBOPEHO2 CKAOMA UPHUX U CMPMUX MAAHUHA, CMOjU 8€/UKU U CKAAOHO Cpe3aHu
mocm 00 KameHa, ca jedaHaecm s1yKoea wiupoKoz pacrnoHa. 00 moa mocma, Kao 00 ocHosuye,
wupu ce nernesacmo yesna 8aan08uma 00UHA, €a 8UWE2PAGCKOM KAcabom U HEHOM OKOSUHOM,
ca 3aceoyuma rosneznuM y rpeesoje OpexyrbaKa, MNPEeKpuseHa HUBAMA, UCHAWAMA U
WirbUBUYUMA, U3YKpWMaHa mehama u naomosuma U MoWKpPOnmEeHA WymMapyuma u pemKum
cKyrnosuma ypHozopuye. TaKo, MOCMampaHo ca OHa 8UOUKQ, u3eneda Kao 04 U3 WUPOKUX
nyKosa besoe Mocma meve u pasnued ce He camo 3eneHa [JpuHa Hez20 U yeo maj #ynHu u
numMomMu rpocmop, ca C8UM WMO je Ha HeMy U jyHHUM HebOM HaO HUM...

AHngpuh faje HajcNMKOBUTM]M ONUC U3r1eda M A0MKMB/baja MOCTa, HEroBor 3Hayaja U ytuuaja
Ha pa3Boj *KMBOTa Buwerpaaa, Kako CBaKOAHEBHU TaKo U KPO3 UCTOPMU]Y.

Buwerpaackn MocT je noy3gaH, UCTUHCKM CBjeOK uctopumje. berosa matepujanHa, pusmnyka
CTPYKTYPa, Kao 1 MOpyKa Kojy NPeHOCHU U3 NPOLLANX BPeMeHa cv n3BopHe. Ogpakasa BpXyHaly,
rpagutesbckmx moryhHocTn y gpyroj nonosuHu XVI Bujeka, 3aaussbyje MaecTpaiHUM pagom,
nponopuujama u komnosumumnjom. CneunduyHe cy emoTMBHE Be3e ApywTBa ca rpahesnMHom,
Koje ce ogHOCe Ha TpaAuuMjy, KOHTUHYUTET U CMMBOANKY MOCTa Kao mjecta noBe3uBakba U
pasmjeHe.

3apaTak rpahera mocta 6MO je M3y3eTHO CnoXKeH 360r wWupuHe pujeke [puHe U HeHe
XMPOBUTOCTU. KpeaTUBHOCT rpaamuTesba je AoLna [0 U3paKaja jep je 06IMKOBHO MOCT CKAaAHO
YK/IOMJ/bEH Y OKPY)KEHE, @ UCTOBPEMEHO KOHCTPYKTUBHO NOCTOjaH. Buwerpaacku mocT je Ha
MHOFO HayMHa jeAMHCTBEH; NPBEHCTBEHO NO CBOM OOJ/IMKY — HAr/l0 CaBUjeHOj KOHCTPYKLMjK,
Koja ca jesaHaect nykosa npemolwhyje [puHy U pamne nomohy Koje ce MOCT nog npasum
yrnom cnaja ca nvjesom obanom, npatehu nosnoxaj sem/buwta. OBa HeEObUYHA KoHLenuumja
HacTana je 36or KoHdUrypaumje TepeHa Koju je Ha InjeBoj 0b6anu n3yseTHO CTPM, TaKo Aa je
rpaguTesb, Hactojehu ce nMpuaaroAuTU NPUPOAHO] Mpenpeun, CTBOPUO MAEeCTPasHO Ajeno.
Moct, ayrayak 180 meTapa, nexu Ha geseT cTyboBa Ha Koje ce oc/iakba jegaHaecTt 6naro
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NnpesoM/bEHUX CBOAOBA Pa3/IMUUTMX PacrnoHa, o4 Hajmaker y3 gecHy obany og 5,20 m, go
14,80 m. MpwnnasHa pamna, AyxnHe 120 m, cacToju ce o4, YeTupu CBoAa, 04, KOjUX TPU Makba
npemowhasajy NoTok, NnpuTory ApuHe. Hag YeoHUM 3MA0BMMa, OYKUHOM MOCTA NPOTEXKE ce
npoduancaHu BujeHay, o4 cefpe Hag Kojum ce aue orpaga. MsHapg wector ctyba Hanase ce
ca obje cTpaHe Npolwunpersa, ca HU3BOLHE CTPAHE je MPaBOYraoHo Npolunpere ca yrpaheHum
cjefjanuMma, a Ha y3BOAHOj CTpaHW cTyb ca Tpoyrnacte OcHoBe npenasu CTeneHacTo vy
NpaBoyraoHoO NpoLIMper-E, Koje HOCK Canjenn nopTa ca HaTnncom. O HacTaHKy MOCTa roBope
OBa HaTnu1ca, ropkey cTapuju us 1571/72. roanHe n Aok ucnucad 1577/78. rogune. WnpuHa
KON0BO3a Ha MoCTy M3HocK 6,00 m, a NnpucTynHe pamne je oko 6,60. MocT je rpaheH 610KkoBuMa
ceape, ca obaMKkber nokanuteta y Buwerpagckoj 6arbu, Koju cy mehycobHo BesaHM
}e/besHUM Knambama. Ha cpefmHM mocCTa ce Hasaswuaa ApBeHa cTpaxapcka Kyhuua, Koja je
yKnoreHa 1886. roguHe. [10:81]

ToOKOM BMLUEBjEeKOBHOI NMOCTOjakba MOCT Cy npaTuie MHore Hegahe, Tako ga je Buwe nyTa
pyweH 1 nonpassbaH. Mo3HaTo je Aa je je4aH CBOA, CPYLIEH Y cpeaHem BMjeKy, Nonpas/baH je
3a BpMjeMe OCMaHCKe BnafaBuHe ABa nyta 1664. n 1873. roguHe, [15:178] ToKom BenuKor
nosogra 1896. roanHe cpylleHa je orpaga MocTa, a BOAOCTAj je 6Mo Ha oko 1,60 m u3Hag,
mocTa. Tokom Mpeor cBjeTckor paTta 1914-1915. cy cpyweHa asa pujedyHa cTyba n oarosapajyhu
cBOAOBM, a y [pyrom cejeTckom paty 1943. rognHa MOCT je MUHUPAH U CPYLLEHA CY YeTUpu
pujeyHa cTyba ca npunagajyhum ceogosmma. BjepoBaTHO je 6MN0 U HU3 CUTHUjUX 3aXBaTa KOju
cy mopanu aa ce obassbajy paau o4piKaBarba MOCTa.

MocT je 06HOB/bEH Y XVII BUjeKy HAKOH BeMKe nonaase Kaga je pujeka JpuHa cpywimna jeaHo
OKHO MocTa. [7:260] [OpBeHa Ky/na je Ha MOCTy NocTaB/beHa 3a Bpujeme MNpBOr CPMCKOr yCTaHKa,
a obHoB/bEHA je 3ajegHo ca cTyboBuma 1873. rogmHe. [3:163] HakoH BenMKe nonaaee Kpajem
XIX Bujeka, orpaga Hectana y Habyjanoj JpuHN 3amMujerbeHa je HOBOM, 3HaTHO MacMBHWjOM.
LLect ctyboBa mocTa je 06HOB/bEHO 33 BpMjeMe aycTpoyrapcke Baacty 1911. roamHe. [1:184]

HakoH MpBor cBjeTcKor paTa NPeKo NOpyLEeHOr Anjena NOCTaB/beHa je NPUBPEMEHA Kesbe3Ha
KOHCTPYKUMja KoOja je yKnoweHa ABajeceT rogvHa KacHuje, Kaga Cy novyenu pajosBu Ha
PEKOHCTPYKLUMjKU TOor Anjena mocta. MocT je obHaB/baH M HaKOH [pyror cBjeTckor para, y
nepuoay 1949-1952. roanHa, Kaaa je 0CMM PEKOHCTPYKUMje YHULITEeHOr gujena ypaheHa HoBa
orpaza 1 noctas/beH KO/I0BO3 04, NTPaHUTHUX KOLKK. [11:42]

Kako cy npummnjeheHa owrteherwa mocta 1977. rognHe, o4/ly4eHo je Aa ce ypagu npojekar
KOHCTPYKTMBHE CaHauuje Kome Cy npeTxoguna WUCTpakmBarba. Ha OCHOBY npojekTHe
LOKYMeHTauuje y NnpBoj ¢pasu je 3aMmnjereHa K00BO3HA KOHCTpYKLUMja 1979. rogmHe, a HaKoH
TOra cy ycanjeaunuv pagoBu Ha cCaHaUMju TeMesbHUX CTona Koju cy obycTas/beHn 1981. roamHe
360r HegocTaTka GUHAHCKHjCKMX cpeacTaBa. [9:130-136] Kako obHOBa TeMesbHUX cTONa Huje
3aBpLUeHa, AoLW 0 je Ao nponarayuje owTtehera, a Kao NPEBEHTMBHA Mjepa NpUMUjerbeHa je
3abpaHa moTopHor caobpahaja npeko mocta 2003. roaunHe. Noc/beara o6HoBa MocTa 6una je
y nepuogy 2013-2019. roanHe, Kaga Cy KOHCTPYKTUBHO CaHMpaHe TemesbHe CToMe Ha HayuH
[a je 4HO pujeKe HaCyTO BE/IMKOM KOJIMYMHOM KaMeHa y LW/by 3alUTUTE TeMe/ba MOCTa KOju Ccy
NPeTXoAHO NHjeKTupaHu (camke 2 u 3).



AlT+ [8] 2020 8[1] M. Okum Moctosm nsrpahenn Ha npoctopy Peny6anke Cpncke TOKOM OCMaHCKOT...

Cnauka 2. Mocm Mexmeod nawe Cokosnosuha, ypmex y3800Ho2 udaneda (U3eo0 u3 npojekmHe doKymeHmayuje A-
Proje, 2013)

Y TOKYy pafoBa OTKPWMBEHW CY OCTaLlM OPUTMHAMHOT MOMNJ0Yakba, Te je YKA0/beHa rPaHuUTHa
KoLKa 1 ypaheHO HOBO MonJjioyakbe Npema y3opy Ha OTKpuBeHe ocTaTke. [opes TemesbHUX
CTOMa MHjeKTMpaHe cy cBe Behe MyKOTMHE Ha MOBPLUMHAMA MOCTA, YK/IOHEHO pacTUrbe U
KanumdukaTth, a orpaga dyrosaHa. Pagosuma je obyxsaheHo u ypeherbe KOHTaKT 30He. [11:
44-45]

Cnuka 3. Mocm Mexmed nawe Cokonosuha, HU3800HU u32s1e0 2019. 200uHe, HAKOH NMocsbedrbe 0bHose

MocTt Mexmepg, nawe Cokonosuha ynucaH je Ha JIucty cejeTcke b6awTuHe Ha 31. cjeaHunum

KomwuTeTa 3a cBjeTcKy H6alTUHY, oaprKaHoj Ha HoBom 3enaHay og 23. jyHa go 2. jyna 2007. Ha

ocHoBy Kputepujyma (ii) u (iv) (Decision No. 31 COM 8B.34 of the UNESCO World Heritage

Committee):

= (ii) Mo3MuMOHMpPaAH Ha BaXHOj reocTpaTellKoj NOKALMjU, Kpo3 WCTOpMjy, CBjefoun o
pasmjeHn KynTypHux ytuuaja mamehy bankaHa, OTomaHcKor uapctsa M MepuTepaHa,
namehy xpuwhaHctea n ucnama. MctpajaBao nog pasavumTUM NOAUTUYKUM U KYATYPHUM
yTUUajuma; HakoH OTOMaHCKOr LapcTBa A013a3M Nepuop, ayCcTpo-yrapcke ynpase, notom
KpasbeBuHa Jyrocnasuja, CPPJ 1 Ha Kpajy BocHa u XepuerosuHa.

= (iv) MocT npeko [puvHe y Buwerpagy npeacraB/ba jeAHO Of, HajBE/MYAHCTBEHUjUX Ajena
apPXUTEKTYpE OCMaHCKor nepuoaa. [11:41-42, 14: 203]
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Y ognyum 3a ynuc Ha JIuCTy cBjeTcke HalwTMHe HaBeAeHOo je Aa je jeAMHCTBEHA YHUBEP3aHa
BPMje4HOCT MoOCTa Yy Buwerpagy HeynuTHa M3 WMCTOPMUjCKMX pasfora M c 063Mpom Ha
APXMTEKTOHCKE BPUjeAHOCTM Koje uma. MNpeacTassba rnaBHy eTany y UCTOPUjU rpaguTesbeTea U
apPXUTEKTYpe MOCTOBa, carpaheH of cTpaHe HajcnasHujer rpaautes/ba OCMaHCKOr LLapcTBa.
MocT nocebHo cBjeiouM O NpeHoLery U NpunarohaBarby TEXHMKA TOKOM Ayror UCTOPWUjcKor
npoueca. Takohe CcBjefOYM O BaXHUM KyATYpHUM pasmjeHama u3Mehy pasanyumTux
umBMAn3aumja. lberosa KynTypHa BpMjeAHOCT HaAMNA3M HaLMOHAIHE U KYNTypHE rpaHuLe.

2.2. MOCT MNPEKO PMIJEKE XEMNE

MocT npeko pujeke ene usrpaheH je y 6amsmnHmn ywha ene y pujeky [puHy, BjepoBaTHO
HaKOH uM3rpagre mocta Mexmepg nawe Cokosnosuha y Buwerpagy. ApXMBCKU AOKYMEHTU O
n3rpagtbu mocta He noctoje. MpeTnocTas/ba ce Aa je carpaheH y noc/benrboj YeTBpTUHU XVI
BMjeKka. MocT je BjepoBaTHO M3rpagmo jefilaH of, yYeHUKa-CapaJHUKA UCTaKHYTOr rpaantesba
Kowe Mumapa CuHaHa, moxaa Myctada Yayw, Koju je 6MO Hag30pPHUK TOKOM M3rpadme
BuWwerpaackor mocra. [1:202—-203; 9:111]. Npema jegHoj nereHam usrpaba MoOCTa je y Be3u ca
Be3MpPOM Jycydom U UTannjaHCKUM rpaguTe/bem, 3a LWITa ce He MoXe NpoHahu ynopuwTe y
WUCTOPUjCKUM YMHbEHULAMA HUTW Ce WTa/IMjaHCKU TpaguTe/b MOXe [0BecTM y Besy ca
apxuMTeKTypom MocTa. [1:204] Ha oOcCHOBY KOHCTpyKuuje MmocTa (civKa 4) moxe ce
NpeTnocTaBuTM Aa ra je rpafAvo UCKycaH rpaguTesb, a NojeAVHU eNeMeHTU MonyT HayMHa
3Mparba, ob6sMKa NyKa yKasyjy Ha 6auckocT ca apxutektypom Mocta Mexmesn naue
Cokonoswuha, wto notephyje ga rpagutesbm 0ob6a mocTa NpMnagajy UCToj LKOAM.

Cnuka 4. Mocm Ha Menu, HU3800HU u32s1e0
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MU3rpagrom xuapoenekTpaHe bajuHa bawTa, o4HOCHO CTBapakbeM akymynauuje, 6uo je
YIPOXKEH MHTErpmuTeT MOCTa Te je Of4Jjly4eHO Aa Ce MOCT MpemjecTM Ha HOBY NOKaumjy, BaH
AOMallaja Boge akyMmynaumoHor jesepa. OcHoBHM npobsiem 6o je raje Hahu HOBY I0KauMjy, a
NPUTOM cayyBaTh CBe Hberose BpujegHocTu. HaheH je npodun y 6an3nHM npumapHe noKaumje
Ha MjecTy Koje ce 3oBe CnacuH xpua. Mocnnje nsbopa HoBe fioKauuje M3BPLUEHA CY CBa
notpebHa cHMMara M n3paheHn cy NPOjEKTU AEMOHTANKE U PEKOHCTPYKUMje mocTa. Tokom
jyHa 1966. rogmHe, nocavje HEOMNXOAHMX MPUNPEMHUX PaLOBa 3ano4vyeTy Cy pPasoBWM Ha
OEMOHTaXXM W TPaHCNOpPTy AEeMOHTMpaHOr MmaTepujasa Ha HOBY JiOKauujy, Koja je of
ayTEeHTUYHe ydasbeHa cca 5 KM. PagoBu Ha PEeKOHCTPYKLUMjM MOCTa no4venn cy asrycta 1967.
roguvHe, a 3aBpLUeHU Kpajem centembpa ucte roauHe. [9:111-112]. Mpodun pujeke Hene
npemolheH je otBopom BennuunHe 10,20 m n 3acBoheH NpeoM/bEHUM CBOAOM. YEOHM NYK je
nebeo 75 um. Yena ceoga unmHe NpenomM/beHN NYKOBU Ha Y3BOAHOj M HU3BOAHO] CTPaHM, YuMja
je BucuHa 6,50 m, mjepeHo opg, 6ase 3acBefAeHUX KOHCTpyKumja. MosaynpeyHuk je 6,70 m, a
EKCLEHTPUTET LeHTapa 3aKpMB/bEHOCTU M3HOcK 1,60 m oA BepTUKasHe ocu Ha 0bje cTpaHe.
[y*unHa mocTa je 21,60 m. PacnoH og, cumeTpasie cBoaa Ao nnjese obane nsHocu 12,40 m, a ao
aecHe 9,20 m. YKynHa WKpUHa mocTa je 3,95 m, cTtasa 3,41 m, a orpaga gsa nyta no 27 um. Ceog
M YeoHU NIYKOBU MOCTa usrpaheHun cy og 610KoBa cegpe pasnMumUTUX AUMEH3Uja, a Y BUCKHM
CTase 3aBpLUEHW CY BUjeHLMMA jeaHOCTaBHe npodunaumje. YeoHn 3MA0BM MOCTA 3UAAHU CY
6710KOBMMa KpeyrbaKa pas/IunTUX BeJIMYMHA KOjU Cy NOMaraHn y NpubanKHO XOPU3OHTaIHe
penose (cnunka 5). Ctasa je KangpmucaHa, a orpasa uspaheHa o kKameHux 610K0Ba, NoOBe3aHUX
Xe/be3HUM ,NujaBnuama” 3anveeHMm osoBom. MocT npeko pujeke XMene jegHo je of
Haj/benwmnx U HajeneraHTHUjUX gjena moctorpagte y bocHu n XepuerosmHu.

Cnuka 5. Mocm Ha }enu, upmexc HU3800H02 U3eneda

[aHac nocToje 3HayajHa CTPYKTYpHa owTehera Ha MOCTY Ha HOBOj sloKaumju. M3rpaheHa je
NOTNOPHA KOHCTPYKLUMja 3a 3aWTUTy mocTa. lpojeKTHa OOKymMeHTauuja 32 KOHCTPYKTUBHY
ctabununsaumjy u pectaypaumjy mocrta je ypaheHa, anum 36or HefocTaTKa cpefcTaBa npojekaTt
HWje peann3oBsaH. [lopea 0BOr NOCTOjU U KAMEHWU MOCT Ha U3BOpPY pujeke Kene.

2.3. MOCT MNPEKO PUJEKE TPEEULWHUNLE Y TPEBUHY (APC/TAHATURA-NMEPOBURA MOCT)
HajcAankoBuTUMjKM, BULIE MyTa NOHAB/baHM, onuc TPebuHCKOr mocTa gao je Bojucnas bypuh

1966. rogmHe y b6eorpagckom ancty MonuTuka: ,Y Haloj 3eM/bWM Mano je MOCTOBa Koju ce,
NenoTom iMHKja u mawToBuTowhy 06/1MKa, MOry C KM ynopeanTu. Bulerpaacka hynpuja Ha
[OpviHu je mHoro Beha 1 3a EKOHOMCKY MCTOPUjy 3HATHO 3HaYajHMja, YyBEeHW MOCT Ha HepeTtBu y
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MocTapy BMAHO je CMennju y KOHCTPYKLMjM U Kao Ayra BUTaK, anu je TpeburCKU CKNagHuju,
6oraTuju Nno 06aMLMMA, CIMKOBUTUjU. Y UCTOPUjU HaLLEr rPaaMTe/bCTBa OH UMa BP/IO YraeLHO
MecTo, a nocebaH 3Ha4aj y bankaHckoj apxutekTypu XVI Beka“. [1:297]

Mpuje namjewTarba MocT je npemowhaBao KopuTo pujeke TpebulruLe OKO 5 KuiomeTapa
y3BOAHO of, Tpebutba, a cagallikba oKaumja (camnka 6) je Ha nokanuteTy paguHa y rpaZickom
nogpyuyjy Tpebuma.

Cauka 6. Mocm npexo Tpebuwruye Ha HO80j A0KAYUjuU

Hanaswmo ce Ha ctapom nyTy Koju je noBe3mBao Xepuer Hoeu 1 AybpoBHKK ca Llapurpaackum
OPYMOM, CTpaTeLIKM Haj3HauYajujom NPOMeTHULLOM M Hajkpahom KonHeHom Be3om Llapurpaga
ca beyom u BeHeuujom (cnuka 7). MpetnocTas/ba ce fAa je y PUMCKOM Mepuoay, HewwTo
y3BOAHMje 04, 0BOT, MOCTOja0 MOCT Yy 61M3UHM NPBOBUTHUX NIOKaLMja maHacTUpa Kocujepeso u
Oobpuheso. CarpaheH je y XVI BujeKy, a NpeumsHo BpujeMe wu3raghe Huje yrtepheHo.
MpeTnocTtassba je Aa je rpaheH y nepmoay 1563-1575 [9:92], ogHocHo 1568-1572/74. [1:303]
Ha ocHoBy 6usberkaka dpaHLyckmx nyTonucaua XVI Bujeka moxKe ce NpeTnocTaBuT Aa je MocT
3aBplleH oko 1573. roguHe. Njep Jleckanonje je 1574. roanHe npowao Tpeburckom obnactm
1 3abU/beXMO Aa Ce Ha pujeL Hanasnm KaMeHM MOCT, a ca Apyre CTpaHe KapaBaH capaj Koje je
carpagmo Mexmen nawa Cokonosuh y CNOMEH CUMHY KOjU je YMpPO Kao HaMjeCHWK OBe
nposuHumje. [12:111-112] Mexmen nawa CoKonosuh ce Kao 3agyXKbuHap nomumse U y
apXMBCKOj Khu3n aybposaukor apxuBa [ucma v ynyTcTBa 3a J1eBaHT Koja je nucaHa Ha
uTannjaHckom jesunky (Lettere e comissioni di Levante XXXIII, folio 19). [1:302] Huje no3HaTo
UMe rpasmTesba, aiun ce NPeTnocTass/ba Aa je buo HeKo m3 Wwkone Mumapa CuHaHa. BjeposaTHo
je pobuno mme npema ApcnaH-arn Koju je HannahmMBao MOCTAPMHY U Carpaamo CTpaxkapHuuy
KOja je cpyweHa npuaMkom nonpaske mocTta 1890. roamHe. [13:62]
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Cnuka 7. Mocm npeko Tpebuwruye Ha cmapoj Aokayuju, kpaj XIX sujeka

MocT ce nomumbe y BULWE HAPOAHMX Npefarba. JegHo roBopy O CpesHOBjeKOBHO] KpasbULm
Ynju ce CMH YTONMMO Ha U3BOPY, @ OHa HapeauMna Aa ce Bpeso 3a4enu, HaKoH yera je ycavjegmo
3eM/bOTPEC Koju je M3asBao npobujarbe BoAe Ha ABa Apyra mjecta. M3 jegHor u3Bopa je
notekna Tpebuwwruua Hag Kojom je noamraa moct. lpyro rosopu o n3sjecHom KycTypuum Koju
je powao u3 Llapurpaga 1 Kao 3aay*kbuHy nogurao mocT, a Tpehe je o ApciaH-ary, npema kome
je mocT goburo ume. Ca oko 92,25 m npemowheHo je KOpUTO pujeke TpebuwrULe ca YeTUPK
OTBOpPA pPa3/NMUUTE BESIMYUHE, 3aCBEAEHA MOJIYKPYKHUM CBOAOBMMA, OC/IOHEHA HA TpU
pujeyHa nunoHa. M3Hag ceBofoBa y3 obane MOCTaB/beHa Cy ABa Makba CBOAA, O/aKllarba
KOHCTPYKUmje. OBa MOTNyHa acumeTpuja Maca U obAMKa je jeaMHCTBEHa Yy apXMTEKTypu
MOCTOBa Tora nepuoga. Ha oBakBO pjellere MOCTa YTMLAO je acumeTpuyaH npodun pujeke,
a/I1 CBAKAKO je NpUCYTHa U OPUIMHANHOCT rpasuTe/ba. Bennkm ceofosmM gocey BUCUHY oA 15
M W3HaZ HOPMAJIHOF BOAOCTaja pujeKke. TOKOM Ayre MUCTOpuje MOCT je MpeTpnuo MHora
owTehera, pylwera M nonpaske. Beh cy nomeHyTm npseu pagosu Ha ob6HoBM mocTa 1890.
roavHe. Ino mocTa, y oy*unHu o4 8,0 m cpyLLeH je TOKom [pyror cejeTckor paTta, 1943. loauHe;
no 1956. roguHe je ojayaH APBEHOM KOHCTPYKLMjOM, @ MOTOM je 3aMujerbeH GeTOHCKOM.
WHTerputeT oOBOr CTapor MOCTa, jeAMHCTBEHUX aPXUTEKTOHCKUX U rpaheBMHCKUX
KapaKTepPUCTMKa, BMO je YrpoXKeH U3rpafbOM XMAPOEHEPTeTCKOr CMCTeMa Ha Tpebuwrbuum.
HaKoH M3y3eTHO CNIOXKEHWUX UCMUTMBAHA, 3aK/bYYEHO je Aa MOCT Tpeba npecennTu Ha Hosy
NoKkauujy, a nocebaH npobnem je 6uo M3bop oarosapajyher nonpeyHor npoduna pujeke.
PafoBu Ha peKoHcTpyKuuju paheHu cy y nepuogy mamehy 1970-72. rogmHe. Mpuankom
PEKOHCTPYKLMje YCBOjeH je MPpMHUMN A3 ce CBM BUA/bMBU €1eMeHTM ypaje Mo y3opy Ha
ayTeHTUYHe, Ma je TaKo apMMPaHOOETOHCKa KOHCTpyKuuja u3 1956. roguHe 3amujerbeHa
KaMeHOM, a CBM OCTa/IM KOHCTPYKTUBHU e/IEMEHTH, CKPUBEHM 04, OKa NocmaTpada, y3 ynotpeby
caBpemeHux matepujana. [9:95]
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2.4. MOCT ,OBYMIN BEPOA” MPEKO PUIEKE 3AJIOMKE

KameHu mocT Ha peun 3anomku (cavKka 8) Hanasm ce usHag cena bpartay, Ha oko 10 Km of
Hesecurba. Huje no3HaTo NocTojarbe MCTOPUjCKUX M3BOPA O MOCTY HUTU HAPOAHUX Npefamba, a
HeomnpaBAaHo je 0CTao He3anaKkeH na Tako U HeucTpaxkeH. He nomukby ra HM NyTONUCLM KOju
Cy noxoaunu ose Kpajese. Pujeka 3anomKa je NOHOPHULLA YNjU BOAOCTAj BAapMpa; Y /beTHUM
mjeceumma MOTNYHO NPecylwn, a TOKOM 3MMe MHoro Hagohe. Ha ocHoBYy rpaguTesbcKux
KapaKTepMCTMKa MOXKe ce NpPeTnocTaBuTu aa je carpaheH Kpajem XVI nam novyetkom XVII sujeka.
Mpuje nap rogMHa, Nnpema Ka3mBakby SIOKaJIHOI CTAaHOBHULLTBA, Y KOPUTY pujeke npoHaheHa je
nio4a ca HAaTNMCOM Ha apancKkoM jesuky. BpemeHom je HaTAMC UcnpaH Tako Aa je Hemoryhe
aewundposatn cagpaj. Moryhe aa je 6una amo orpafie mocta M Aa ce HaTAMC OAHOCU Ha
nogaTtke o Nogm3arby MOCTa. PaHuje ce cmaTpano fa je orpaga mocTa 6una gpseHa [1:296], anu
NpoHanasak oBe MJIoYe, Kao M nap nao4va npasBoyraoHor ob6/MKa Koje ce mory BUAjeT TOKOM
JbETHUX MjeceLn Yy KOPUTY PUjeKe, yKasyje Ha M3BOPHO NOCTOjake KaMeHe orpage. Ha nnjesoj
obanu pujeke, Ha BEPTMKAJIHO] CTUjEHU, YKNECAH je TAaTUHUYHM HATMNKUC, Y NPaBOyraoHOM NnoJby,
Ha Kome je ynncaHa 1883. roamHa Koja ce BjepoBaTHO 04HOCK Ha 06HOBY TOKOM ayCTpOYyrapcKor
nepuvoga. Tokom [pyror cBjeTCKOr paTa CpyleH je AMO cpegumlutber cBoAa MOCTa Koju je
peKkoHcTpyumcaH 1968. rogmHe, a y mehyBpemeHy je Ha TOM mjecTy b1sa nocTaB/beHa ApBeEHA
KOHCTPYKUMja. Ha OKo 2 KMnomeTpa yAa/beHOCTM HANa3M Ce Makby JIy4HU KaMEHU MOCT NPeKo
pujeke 3aBoaKe, BjepoBaTHO carpaheH y uctom nepuogay.

Cnuka 8. Mocm Osyuju bpod, cenmembap 2020.

Ha pecHoj obann oo mocTa BoAM MyT KOju ce 6naro caBuja npema MOCTY, AOK je Ha /iMjeBoj
06anu TepeH CTpMm, a NyT Ce HacTaB/ba NOA roTOBO NPaBUM Yr/IOM Y OAHOCY Ha MOCT, @ He,a/IeKo
0/, MOCTa HecTaje. BjepoBaTHoO je carpaheH Ha Ba*KHOj KOMYHMKaLN]U YMjUM je 3HaYaj BpeEMEHOM
0onao, a NyT rotoBo Hectao. JIOKa/JHW CTAHOBHULM Cy YrnaBHOM 6uanM cTodapu na oTtyaa
BjepOBaTHO M NoTUYe MMe mocTa. MocT ce cacToju og, Tpu nonyobnumyacta cBoAa, ABa pacrnoHa
9,0 m 1 Tpeher Ha nnjeBoj obanm pacnoHa 7,0 meTapa. YKynHa Ay*KMHa mocTa nsHocu 35,50
meTapa. Koputo pujeke Hajaybsbe je y3 aecHy obany raje je cBOA HajBMLIM, LITO TOBOPWU O
YMjeLHOCTM rpaanTesba 1 npunarohaBary 061mMKa KoHdUrypaumjm TepeHa. Flopra NoBpLUNHA
je 6naro ussmMjeHa, nonso4YaHa HeNpPaBUIHUM KaMeHMM Ma04aMa, ca NONPeYHUM NpParoBnUMa;
cAnyHe cpehemo Ha MOCTAapcKoM MOCTY, Koju omoryhaBajy fakwe npenaxere. [pema
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Y3BOAHOj CTpaHW cTy6OBM MOCTA ce 3aBpLUaBajy y 06/MKY TPOyraoHux 6paHuKa. TpeHyTHO
CTakbe 3aXThjeBa XUTHE KOH3epBaTOPCKe pajoBe.

2.5. MOCT HA PUIELUM CYLLUMNLN Y BYYJO)

Y JXMBOMUCHOM ambujeHTy cena Byuja, Ha u3Bopy pujeke Cylwmue U3BMO Ce Njelaykm MocT
Mannx AMMeHsuja (camka 9), anu usyseTHe sbenoTe U eneraHumje.

Cauka 9. Mocm Ha pujeyu Cywuyu y By4joj

Mpema HapogHOM Npeaakby NOAUTHYT je y Bpujeme uapa KoHcTaHTMHA 1 uapuue JeneHe. Ha
OCHOBY rpaguTe/bCKUX KapaKTepMCTMKa MpeTrnocTas/ba ce Aa je carpaheH y XVI/XVI Bujeky.
Bnaro npenom/beHn NyK ca KaMeHUM yrnopuMma Ha obanama ce CaBpLUEHO YKaana y OKOJIHU
nejsax. [leb/bMHa Yena ceoga je HariaweHa apxusoaTama. lNpeko cBoga cy nocTas/beHa ABa
pefa npaBuaHMx 6710KOBa cefpe o4 Kojux ce ropkbu 61aro nosuja y ctonama Koje cy rpaheHe
oA, uBplwher KameHa.

2.6. MOCTOBWM KOJUX BMLUE HEMA

MHorM mocToBM carpaheHM y OCMaHCKOM Mepuoay, Yr/aBHOM o4 ApBeTa, BPEMEHOM Cy
HecTanu. barbanyyke MOCTOBE NOMUHbY MYTOMMUCLM KOjU Cy NOXOAMAM OBe Kpajese y XVII Bujeky.
CnanhannH Bophuh (Georgiceo) Kaxke 1626. roamHe ga y barbanyum nocroje 4eTMpu mocTa.
[1:165] HewTo BMwe of Tpu AeueHuje KacHuje E. Yenebu onucyje Barbanyky: “...Mopeg Tora
WTO nopeg, ceux Kyha Teye XuBa BoAa, cBaka 6osba Kyha MMa BUHOrpag, bawudy u py»Kuukbak,
[OMBaH Kao 3emasbCku paj. C jegHe cTpaHe wexepa Ha APYry Npenasu ce Ha TPU mjecta Npeko
[LPBEHUX MOCTOBA Ha pujeun Bpbacy.” [7:211]

HujepaH of H6arbanyykmMx MocToBa M3 TOr Nepuoaa Huje cavyBaH A0 AaHac. Mo3HaTo je aa cy
noctojanu Llapes mocT (MmocT Codn Mexmep, nawe) y agaHawrum Cpnckmum Tonanuama raje ce
Hanasuna u apseHa Lemce kagyHuHa hynpuja carpaheHa npuje 1582. roanHe, a HecTana npuje
1659 [1:165], apseHa hynpuja y HoBocennju, Koja je cTpagana y Beankom nosoary 1730.
rogmHe [15:114]. Takohe ce nomure Pepxas NawmnH KAMeHU MOCT NpeKo LipkeeHe y 61n3nHN
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ywha y Bpbac. [1:166] HajsHauajHuju je 6o mocT npeko pujeke Bpbac, kog TBphase Kacren,
usrpaheH y XVI Bujery, npunje 1587. roanHe, 3acnyrom ®epxag nawe Cokonosuha. [9:105]. OBaj
mocT je 1614. roguHe obHoBMO XyceunH 6er, PepxagnallnH CUH, a KacHMWje je cTpaAao jow ABa
nyta 1730. n 1737. roaunHe. buo je y ynotpebu o aycTpoyrapcke oKynaumje oB1x Kpajesa, a Ao
[JaHac cy cavyyBaHM OCTaLM HOocaya mMocTa Ha obanama Bpbaca. MocToje aga upTexKa-rpasupe
MOCTa Ha KOjuMa je jacHo ga cy cTyboBu 6uam Kamenu (camka 10).

-k

Cnuka 10. Cmapu ypmex< mocma Ha pujeyu Bpbac y baranyyu

Mpema jefHOM LpTEXKY NpPeKo cTyboBa je 6Buna nocTaB/beHa APBEHA KOHCTPYKUMjA NPUANYHO
HEeOBUYHMX rpalheBMHCKMX KAPaKTEPUCTUKA, @ Ha APYrOM je HejacHa MaTepujanmsaumja roprer
nocTpoja mocta, moryhe fa je KameHa 1 Aa je JOWNO 40 NPOMjeHa TOKOM jegHe of 06HOBa.
3aBog, 3a 3alWITUTY CMOMeEHMKA KynType je 1981. roanHe NOKpPeHYo NOCTyNaK 3a PEKOHCTPYKLM]Y
MOCTa, Kaga cy y KopuTy Bpbaca npoHaheHu octaum aga ctyba. YpaheHo je Buwe pjewera
n3raefa MocTa, o, Kojux je jeaHo npmuxsaheHo 1982. roguHe. [1:106—110] [asba Uctparkmsarba
W pagoBu Ha 06HOBM cy 0bycTaB/beHU 360r 3eM/bOTPECA, @ HAKAAA KaCHUje HUCY HacTaB/beHU.

®paHuyckm nytonucay, Mjep Jlackanonje nomutse 1574. rogHe ApBEHUM MOCT NPEKO pujeke
OpwvHe y ®oun.[12:113] BjepoBaTHo je 610 carpaheH npuje cmptn CynejmaHa BennuaHcreeHor
jep E. Yenebu y cBom nytonucy HaBoAM Aa je NOAUTHYT y teroso nme. [7:406] OH oBaj mocT
Ha3unBa orneAanom Yyaa, Te Aasbe Kaxe: “...Ha Be/nKoj pujeun pMHM Hanasm ce ApBEHM MOCT
Ha jeiHO OKHO, Koje ce auKe Ao Hebeckor Bpxa....0OBaj BE/IMKM MOCT, Koju Tpeba norneaatu,
HanpaBMO je MajCTop CTape LKOoJIe TaKo Aa je Ha jake TeMe/be Koju ce Hanase ca obje cTpaHe
pujeke, BjelITO HaHM3A0 jeAHY Ha APYry BeNWKe U ayre rpefe Tako [a jegHa Hag, Apyrom
M3MUUY Kao nepa y Kpuamma nactasuue...” [7:405] [nBKM ce KOHCTPYKLUMjU MOCTa KOMe Hema
paBHa HW Yy jefHOM BWJIajeTy, a/iM yKasyje M Ha HeroBo aole crake. Y doyn cy ce Hanasmaa
jow aBa apseHa MocTa npeko pujeke hexoTuHe. Uctn nyTonucau, nomume 1 Bucehu moct npeg,
rpafickom Kanujom tBphase Kpaj YHe y Hosom pagy. [7:219] Ha jeaHoj aycTpujcKoj rpaBupm
n3 XVIII BujeKa yupTtaHa cy Tpu mocTa oko TBphase y Hosom. [1:153] MocT Koa KocTajHuue ce
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nomurbe 1839. roanHe anm HKUje NO3HATO KaKo je U3rnenao v Kaga je carpaheH. Takohecy ny
Mpujegopy nocTojana ABa ApBeHa MOCTa, Ha CjeBepPHOj M UCTOYHOj cTpaHu rpagall1:155]

3. 3AK/bYYHA PASMATPAHA

Oyra n 6orata uctopuja rpaare MOCTOBA HacTasa je y BMLIEBjeKOBHOj 6opbu uyoBjeKa aa
CpeacTBMMA Koja cy My buna Ha pacnonarakby caBiafa NpUpoaHe MNpenpeKke U Tako KMBOT
YYMHU cagpxKajHmjum. Ta je 6opba 6oratmna rpagutesbcky 6GawTUHY WM noactuuana
KPeaTMBHOCT rpaanTesba. YNpaBo y rpaftby MOCTOBA Npuposa je buna Hajbosbu yuntess jep cy
MPBW HaCTaNM TaKo WTO je YoBjeK nocTaBuno aebno npeko npuposHe npenpeke. Mpouec pa3soja
KOHCTPYKUMje mocTa 6uo je ayroTpajaH 1 cnop. 3a bankaH cy oa nocebHoOr 3Ha4Yaja MOCTOBM U3
BpemeHa OcmaHcke wmnepunje. Kao KM CKOPO YKyNHa eBPOMCKa MoOCTorpagka vy
NOC/INjePUMCKOM NEPMOLY, M OCMAHCKA je 3HAaTHO OC/IOHEHA HA YTULAje U NPeHOoLWeHe 3Hakba
AHTUYKUX TpaauTesba. AHTMUYKA Tpaauuumja ce HacTajatbem Bu3aHTMje npeHocn Ha MCTOK,
MUjelajy ce yTMuaju u npuHuMnu y rpaherwy MOCTOBA pPUMMCKE MOCTOrpagte M
TPaAMLMOHANHOI HauMHa rpaherba UcToKa. Pumcka mocTorpasha, Yy Kojoj je KOHCTpyKLMja
cBopa Beh paspaheHa M 061MKOBaHa, U HELITO KacHuje U BusaHTujcKa, Aase cy cONnaaH OCHOB
33 CTBapakbe OCMaHCKe moctorpagme. HecymmuB je yTvuaj NpBOr PUMCKOr KaMeHOr MOCTa
Ponte Rotto npeko pujeke Tnbap 13 179. roguHe n. H. e. Ha MOCTOBe carpaheHe y oCMaHCKOM
nepuoay, jep Cy OCHOBHA MHXXWUHEPCKA pjellerba Koja je Taj MOCT CaZpKaBao nNpMmjerbnBaHa
Ha MmocToBMMA rpaheHnm y OCMaHCKOM LLapcTBY. PaHWUju UCTpaXKMBayuM yKasajy Ha CAMYHOCT
TpeburcKor MocTa ca pumckum Alcantara moctom npeko pujeke Taryc y Lnanuju.

Og apyre nonosuHe XIV BUjeKa, y npBMM rognHama BnagaBuHe Ha bankaHCKOM MoayocTpBy
OcmaHnvje nounkby fda rpafe MocToBe, NPBO 33 paTHe noTpebe, a KacHuje M cTanHe
KOHCTPYKLUMje, yrnaBHOM of KameHa. OBaj npoLec HacTaB/beH je U y HapeaHMM BMjeKOBMMA, a
BpXyHay, je pocturHyT y XVI BuMjeKy, Kaga je u3rpagtba MOCTOBA Y LLEHTPY OCMAHCKMX
MHBECTMUMja. Ha OCHOBY MCTOPMjCKUX M3BOPA jacHO je Aa je bBuno cmjenmx pjelerba ApBeHUX
MOCTOBa carpaheHux y NpBMM AeLeHnjaMa OCMaHCKe BaagasuHe. 360r TpOLWHOCTU MaTepujana
M UCTOPMjCKUX NPUINKA HUjeAaH HMje cayyBaH A0 gaHac. [pagrba MOCTOBA YCKO je MoBe3aHa ca
Kowa Mumapom CrHaHOM. JegaH oA Hajpenpe3eHTAaTUBHUjUX NpUMjepa rpaauTesbCKor onyca
Mumapa CrHaHa je BuULWerpagckm MocT, KOju 3aAuBIbyje MaecTPasHUM PagoM, KBaIMTETOM U
MaTepmjanmma, KOHCTPYKTUBHMM AeTasbMMa, NPonopLmnjama u Komnosuumjom. 3aay»KbmuHapum
Haj3HayajHujux moctoBa 6unm cy us nopoauue Cokonosuh, HajuctakHyTMju Mexmeq nawa
Cokonoswuh.
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NCMUTUBAHE CTABUJTHOCTU MPEXE NMEPMAHEHTHUX GNSS CTAHUUA
PENYBJIMKE CPIMNCKE

ATICTPAKT

Mpexa nepmaHeHTHUX GNSS cTaHuua Penybanke Cpricke Hanasm ce Ha penaTMBHO TPYCHOM NoApyyjy v
npunaga pasM4yMTMmM CTpaHama pervMoHanHux pacjeaa. Osaj pag gaje npernes ucnutnsarba CTabuaHocTu
neTHaecT nepmaHeHTHMX cTaHuua SRPOS mpexe kopuctehu nybavkosaHe npeuusHe edemepupe
MHTepHaumoHanHe GNSS cayxbe (IGS) n npeysete RINEX nogatke nepmaHeHTHUX GNSS ctaHuua SRPOS
mpexe. UCTpaxnsare je N3BpLUIEHO KOpULITEHEM NoJaTaka NPUKYN/beHMX y nepuoay og anpuna 2015.
roguHe go mapta 2016. rogmHe. Y pagy cy npeAcTaB/beHN BEKTOPU NOI0XKaAja 32 NepMaHEHTHe CTaHuue
ynje ce BpujegHOCTM Hanase y mHTepsany og 0.71 mm (nepmaHeHTHa ctaHuua Cpbau) Ao 22 mm
(nepmaHeHTHa cTaHuLa HeBecuibe).

KroyuHe pujedu: GNSS, permanent stations, SRPOS network, reference systems, precision ephemeris, the
displacement vector

STABILITY TESTS FOR THE NETWORK OF PERMANENT GNSS STATIONS OF THE
REPUBLIC OF SRPSKA

ABSTRACT

The network of permanent GNSS stations of the Republic of Srpska is located in a fairly seismic area and
belongs to different sides of regional faults. This paper provides an overview of the stability tests for
fifteen permanent stations of the SRPOS network using the published precise ephemeris of the
International GNSS Service (IGS) and the downloaded RINEX data from the permanent GNSS stations of
the SRPOS network. The research was conducted for the data taken during the period from April 2015 to
March 2016. The paper presents position vectors for permanent stations ranging from 0.71 mm
(permanent station Srbac) to 22 mm (permanent station Nevesinje).

Key words: GNSS, permanent station, SRPOS network, reference system, IGS Reference Frame station,
precise ephemerides
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1. YBOJ,

Teopuja TEKTOHCKMX M04a YKa3yje Ha UMHbEHWLY Aa NOBpL 3eM/bUHE KOpe Huje cTabusHa
HUTK BjeyHa, Beh ce Hanasu y ctanHom nokpeTy. OHa ce cacToju oA AujenoBa nnoya, Koje
0byxBaTajy KOHTMHEHTe U aujesioBe 3emM/bMHE KOpe MCMoh Mopa M OKeaHa. lMo3HaTto je aa
3em/bUuHa Kopa (nuTocdepa) nayTta Ha acteHocdhepu U Aa je PasNOM/bEHA HA TEKTOHCKe nJove,
Koje ce Kpehy naraHo y ogpeheHom npasuy 1 oapeheHom 6p3nHom.

bocHa n XepueroBuHa npeacTaB/ba je4Hy Of, AKTUBHUjUX CEU3MWUYKMX 30Ha Yy Esponu.
Teputopuja bocHe n XepuerosmHe HanasM ce Ha BEMKOM pacjesy 3eM/bUHe KOope, Koju ce
npoTtexe og, Teputopuje cjesepHe MHauje (noapyyje Xmumanaja), npeko Teputopuja MpaHa,
TypcKke u I'puKke (McTOuHM MeauTepaH), Te Npenasu jyxXHUM gujesiom Teputopuje, raje ckpehe
Ka cjeBeposanagy. 3eM/boTpecH, Koju cy 3abusbexkeHn y bocHM n XepuerosuHu pesyntaT cy
cybaykumnje Adpuuke reoTeKTOHCKe nnodve nog EBpoasmjcky. Ha TepuTtopuju BocHe u
XepuerosmHe NOCTOjM MU HEKOZIMKO MakbMX pacjena, a HajkapaKTEPUCTUUYHMjU Cy: BarbayyKu,
6yrojaHcKu, BULLErpaACKM M HepeTBaHCKM. KpeTatba 0BMX pacjesa mory Aa byay y3pouu nojase
3em/boTpeca, Koju mory 6utn pasopHe mMohu. AKTMBHOCT 3emsbOoTpeca je nosesaHa ca
OVWHAMUKOM TEKTOHCKUX MJI04a, @ AaHAC CEU3MOJIOLWKM U reoAeTCKU NoAaLm Npyajy OCHOBHe
nHbopmaLmje 3a objawkbere KMHEMaTUKe 3emsbuHe Kope [1], [2], [3], [4].

Mopes, 3BaHWYHUX MeTOAA M NocTynaka npahera CeM3MMUKe aKTUBHOCTU Yy BUAY Mpexe
CEM3MMYKMX CTaHWULa, JaHac ce 3a npaherbe Nnomjeparba 3emsbMHe Kope Kopucte u FnobanHum
HaBUraumMoHm catenutckn cuctemn GNSS (eHr. Global Navigation Satellite System).
lMepmaHeHTHe CcTaHuMLe, Koje cy npeameT OBOr WCTPaXKMBatkba, Haslase Ce Ha penaTtuBHO
TPYCHOM MOAPYYjy W Npunagajy pasavyuMTMM CcTpaHama perMoHanHux pacjega. Uwmb
UcTpaxuBara je yTBpauTM moryhHoOCT Kopuwherba pesynTtata AobujeHux ogpehusarbem
ancoNyTHUX KOOpAMHATa MepMaHeHTHWMX CTaHMUA Yy CBPXYy aHaAu3e npasaua KpeTarba
TEKTOHCKMX MI04a Ha KOjUMa Ce NepmaHeHTHe CTaHuue Hanase u npegsuharba HUXOBOT
cyyesbaBakba MM yaasbaBatba.

Y OKBMpY OBOT pafa U3BPLUEHO je UCMUTUBAHE CTABUAHOCTM NETHAECT NePMAHEHTHUX CTaHMLLA
SRPOS mperke KopuliTersem nybaMKoBaHWX npeuunsHux epemepmnga MHTepHaumoHanHe GNSS
cnyxb6e IGS (eHr. International GNSS Service) v npeysetux RINEX nogataka ca nepmaHeHTHUX
CTaHMua 3a nepuopg oa anpuna 2015. roanHe go mapTta 2016. roguHe. 3a geduHUCarbe
MaTeMATUYKOT MoZena KopuwTeHo je 16 nepmaHeHTHUX ctaHuua (bawa Jlyka, Hoeu Mpag,
Cpbau, LWUnnoeo, Tecnunh, Kosapcka Aybuua, bpoa, bujessunna, Lekosuhu, bpatyHau, Cokonad,
Pypo, ®oua, Mauko, Tpeburwe u Hesecurbe). MNepmaHeHTHa cTaHuua y bamwoj Jlyum je
KOpuWTeHa Kao pedepeHTa, 3a kY je Be3aH uujenu Moges, Te 3a by Huje aeduHucaHa
cTabuaHocT.

2. PE®GEPEHTHU CUCTEMW U MEPMAHEHTHE CTAHULE

2.1. PE®EPEHTHW CUCTEMWU N PEPEPEHTHUN OKBUPU

MNojam pedepeHTHOr cuctema ce yBoAM Kako bu ce onucanm ¢bMsmMUYKKM napameTpu 3emsbe U
BPEMEHCKe Bapujaumje eHor obamka. [la 61 ce u3BpluIMIa HUXOBaA oLjeHa gedUHUCAHU cy
pedepeHTHM OKBUPMU, KOjU CYy NOBE3AHM Ca 3EM/bOM Y HEHOM AHEBHOM KpeTakby M Ca acnekTa
nedopmauymja 3emsbuHe Kope. PedepeHTHU OKBMP npenctaB/ba HYMEPUUKY peanusaunjy
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pebepeHTHOr cucTema, jep OH HUje mMaTemaTUykM foctynaH. OCHOBHa pas/snka uamehy
pedbepeHTHOr cuctema U pedepeHTHOr OKBMPA Ce Orfleda y UMkbeHUUM Aa je pedepeHTHU
CUCTEM HeZOoCTYNaH U HENPOMjeH/bUB, 33 Pa3NUKY 04, pedepeHTHOr OKBMPA, KOjU je AoCTynaH
M NpOMjeH/bMB. YCMOCTaB/batbe U OApKaBakbe pedepeHTHMX cucTemMa M OKBMpa BpPLUM
MehyHapoaHa cay»ba poTauuje 3emsbe n pedpepeHTHUX cuctema IERS (eHr. International Earth
Rotation and Reference Systems Service).

PedepeHTHE cucteme je moryhe noaujenntn y asuje oCHoOBHe rpymne: NpPoCTopHO-PUKCUPaHK
nnan Hebeckn pedepeHTHU cUcTEM (KOPUCTU Ce 3a OMUCUBAHE KpeTakba caTenuTa U Ci.) U
TEPECTPUYKMN pedepeHTHU CUCTEM MU CUCTEM KOju je GUKCUpaH 3a TUjeno 3emsbe (KopucTu ce
3a ogpehuBarbe NoJsioXKaja CTaHMLA Ha 3em/bM, KAao M 3a ONUCMBaHe pe3y/aTaTa Onakarba Y
catenuTckoj reogesmju) [5].

3a cBaku pedepeHTHU cucTem, peanmnsaumja pedpepeHTHOr okBupa je moryha Ha BesMKK 6poj
HauMHa M OHa Ce 3aCHMBA Ha CKyMy YCBOjEHUX WAN OLMjereHUX KoopauHata. Hebecku
pedepeHTHN OKBMPU cy GOPMUPAHM Ha OCHOBY CKyNa KoopAuHaTa 3BMje3da UK KBasapa, a
Apyrn TMn pedepeHTHUX OKBUpa (TepecTpMUKM pedepeHTHU OKBMPM) Ce 3acHMBA Ha CKyny
KoOopAmMHaTa 1 6p3MHa onaxaHWx CTaHMLa Ha NOBPLINHM 3eM/be.

2.1.1. TepecTpuuKu pedpepeHTHU cucTemu

Pasnor yceajatba TepecTpuyKkor pepepeHTHOr CUCTEMA je UMHbeHULA A3 KOOpAMHaTe Tayaka,
Koje ce Hanase Ha GM3MNYKOj NoBpLM 3em/be, MMajy Mane NpomMmjeHe TOKOM BPeEMEHA U OHe ce
YrNaBHOM jaB/bajy Kao nocbeamua reodpmsmukmx edekata (NAMMcKe W TEKTOHCKe
aedopmaumje). Mo gedrHULMKN, TEPECTPUUKU pedEePEHTHU CUCTEM je NPOCTOPHU pedepeHTHH
CUCTEM KOjM poTupa ca 3eM/bOM Yy HEeHOM AHEBHOM KpeTakby Yy MpOCTOpy. 3a pas/nKy oA,
WMHepLMjaiHUX CUCTEMA, TAje ce KoopAuHaTe Tayaka Ha ¢U3MYKOj MoBpwK 3emsbe CTaNHO
MUjerajy yo/beq poTaumje 3emibe, TepecTpuukm pedepeHTHU cuctem obesbjehyje KOHCTaHTHe
BPMjeaAHOCTM KOOPAMHATA Ta4yaKa M YBPCTO je Be3aH 3a 3em/by.

KOHBEHLMOHANHN TEPECTPUYKM pedepeHTHN cucTtem, OgHOCHO MehyHapoaHU TepecTpUUKM
pedepeHTHM cuctem ITRS (eHr. International Terrestrial Reference System) je pedwvHucaH
HM30M MpoLeaypa, KOHBEHLMja M KOHCTAHTM, Koje omoryhaBajy oma)kakba Ha 3em/bUHOj
NoBpWW WAN Yy HEHOj 6an3MHKU. MaTepujanmsyje ce npumjeHom KoOHBEHUMOHaNAHOr
pedepeHTHOr OKBMPA, KOju je ogpeheH ckynom GpM3NYKMX TayaKa ca CBOjUM KoopaMHaTama u 'y
ynotpebu je og 1988. roanHe.

[a 6u ce obe3bujegnna cTabuaHOCT OpujeHTaLMje KOOPANHATHUX Oca Y O4HOCY Ha 3eM/bUHY
KOpY yC/bes, reogMHaMMYKMX NpoLueca, BPWKW ce nepuoauyHa peanusaumja MehyHapogHor
TepecTpuykor pedbepeHTHOr OKBUPa, o4 cTpaHe MehyHapoaHe cnyxbe 3em/bmHe poTaumje
Kao pe3ynTaT Tora jaBsbajy ce rnobasHe U pernmoHasHe matepujanusauumje MehyHapogHor
TepecTpuyKor pedepeHTHOr cuctema Kao wrto cy WGS84 (eHr. World Geodetic System), EUREF
(eHr. European Terrestrial Reference System), SIRGAS (eHr. Geocentric Reference System for the
Americas) vta.

2.1.2. TepecTpuuKu pedepeHTHN OKBUPU

TepecTpuukn pedepeHTHU OKBMPU NPeAcTaB/bajy CKYN TayaKa ca npeuusHo oapeheHum
KoopAMHaTama (npasoyranm, reorpadckmum) y oKBUpYy n3abpaHor KOOPAMHATHOT CUCTEMA, KOju
je npuapyKeH TepecTpuukom pedepeHTHOM cucTemy. TepecTpuuku pedepeHTHU okBupu TRF
(eHr. Terrestrial Reference Frames) npeacTaB/bajy peannsauumjy TeEPecTPUUKUX pedepeHTHUX
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cuctema u moryhe je aedbmHucaTM BEANKKM BPOj TepecTpuUuKmnx pedepeHTHUX OKBUPA, anu ce y
MPaKcK HajBuULLE KOpPUCTe ABa NPUCTYNa: Mjeperba Y O4HOCY Ha No3uLMje caTeNunTa, Koju KpyKe
OKO 3em/be, U Mjeperba Y OA4HOCY Ha MO3WUMje TayaKa, Koje cy cTabunansoBaHe, O4HOCHO
yrpaheHe y Tnjeno 3emsbe.

Kako ce TepecTpuukuM pedepeHTHU OKBUPU AedUHUILY MPEKOM CTaHMLA WU HWUXOBUM
KoopAauHaTama y GpyHKUMjM BpeMeHa, HEONXO4HO je NPaTUTU HUXOBEe NPOMjeHe, Koje HacTajy
yC/bef, FeOTEKTOHCKUX MPOMjeHa Ha rNobanHOM M IOKaNHOM HUBOY. [1OCTOjW BULLE PAa3AUYUTUX
MeTo/a Kojuma je moryhe n3splwmntv oapehunsarbe KoopAnHaTa Tauyaka, Koje YMHe TepecTPUYKU
pedbepeHTHM OKBUP U aeduHUWY oapeheHn TepecTPUUKN pedepeHTHU CUCTEM.

2.2. NMEPMAHEHTHE CTAHUUE

JeueHnja ocHMBaMa HAUMOHANHUX U MehyHApPOAHMX NEPMAHEHTHUX CNYXKOU ce 0AHOCKU Ha
nepuog oz 1990. no 2000. roaunHe. Y mehyBpemeHy cy eBonympane mehyHapoaHa cnyxba
3em/bMHEe poTaumje M UHTepHaumoHanHe GNSS cnyxbe. loanHe 1987. yTemesbeHa je
MehyHapogHa cnyxba 3em/bMHe poTauMje ca 3a4aTKOM A3 HA OCHOBY KOCMMYKUX M
CaTe/IUTCKMX TEXHWKa Onakatba KOHCTAaHTHO YHanpehyje W oppiKaBa WHepuujanHU u
TepecTpuykn pedepeHTHU OKBUP U ogpehyje nmapameTpe 3em/bMHE poTaLuje ca BUCOKOM
BpeMeHCKom pesonyumjom. MehyHapogHa GNSS cnyxba je ocHoBaHa 1994. roguHe wm
3a4y’KeHa je 3a ogprkaBakbe rnobanHe mpexke og npeko 300 nepmaHEHTHO onepaTUBHUX
pedpepeHTHUX GNSS cTaHMLa, a OHa W AaHac NpeacTaB/ba [1aBHU M3BOP NoAaTaka caTeIMTCKUX
opbwura [6].

MpumjeHa gudepeHumnjanHor GNSS je Beoma wnpoka. OHa NpeTnocTaB/ba je4MHCTBEH CUCTEM
KOju ce cacToju of mpexe GUKCHUX CTaHMLA, HauMHa emMUTOBaka MHbOpMaumja ca GUKCHUX
cTaHnua n moryhHoct GNSS npujemHuKa aa oBe nHpopmaumje npume n obpage. YKOAUKO je
pedepeHTHa CTaHULA TaKBa [a Ce HeHa NoKauunja Hehe MmujerbaT TOKOM AyKer BpeMeHCKor
nepvoaa, oHa ce Ha3uBa [lepMaHeHTa pedepeHTHA CTaHMLa. TpM UAM BULE NEPMAHEHTHUX
CTaHMLUA MNOBE3aHMX Y CUCTEM HaMUjerbeH ciakby audepeHunjasHMX KopeKuuja HasuBamo
MPEKOM MEePMaHEHTHUX CTaHMLA (Y NPaKCK ce KOPWUCTU M TEPMMH aKTMBHa reogetcka GNSS
pedepeHTHa ocHOBa).

2.2.1. Notpeba 3a ycnoctas/barbem nepmMaHeHTHUX CTaHULA

MpuKyn/bakbe NnogaTaka o No3nuMjama ce y AaHallkbe Bpujeme BpLUKW 33 BEAMKKN BPOj /by aCKNX
notpeba y pasHUm 061acTMMa CBaKOAHEBHOT XMBOTA. [o3MLMje TayaKa ce KopucTe NPUANKOM
uspage tonorpadCKMx KapaTa U AUFUTAIHUX MOZAENA TEpPEeHa, 3a pPas/nyuTa reofeTcka wu
reodusnyKa M3ydyaBakba U Mjepersa, Npunpemy 1 n3paay 6asa nogataka KAao OCHOBA 3a MHOre
cepsuce (HNp. Google Earth), Hasurauujy n ap. Mpuakom unsbopa metoge Kojom he ce
NPUKYN/baTu OBM NOAALM, HEOMXOAHO je BOAMTU payvyHa O MHOrMM akTopuma, MonyT:
noTpeba 3a Koje ce BPLUM NPUKYN/batbe NOAaTaKa M HEONXOAHE AEeTa/bHOCTM, BPEMEHA 3a Koje
je noTpebHO M3BPWMTU MPUKYN/batbe NoJaTaka M ca KojomM TayHowhy, WTO je y HEeKum
c/yyajeBMMa U HajBaKHUjuU dakTop. Kako 6u ce ucnpatmam 3axTjeBu TpXKUWTa y norneny
€KOHOMMWYHOCTU, TAYHOCTU U BpemeHa, bM0 je HEONXOA4HO KpenpaTu cuctem Koju he ycnjewwHo
OZrOBOPUTM Ha CBe 3axTjeBe. Pa3Boj caBpemeHux TexHoorvja u codTBepa, NPBEHCTBEHO Ha
no/bMMa MHTerpaumnje nogaTaka, passoja 6asa nogataka M MpeHoca nogaTaka Ha Aa/bUHY
YMHOIOME je 0N1aKLIao OCTBapMBake 0BOT Lu/ba M oMoryhuo je npuKyn/batbe BeauKor 6poja
nofaTaka 3a Beoma KpaTKo Bpujeme. Aurntanunsaumjom je omoryheHa edmkacHa v jeaHoOCTaBHa
obpaga, aHann3a u MHTepnpeTaumja nogartaka [7].
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2.2.2. SRPOS mperka nepMmaHeHTHUX CTaHULA

Mpexy nepmaHeHTHUX GNSS cTaHuua y BuX unHe asuje mpeke (SRPOS mpeka 3a TepuTopujy
Penybnuke Cpncke u FBIHPOS mpexa 3a Teputopujy depepaumje BuX), Koje cy nog,
HagnexxHowhy ABMje pasnnMynTe ynpaBe, anun ce y CBOM pagy HaZonykyjy U YnHe KOMMaKTaH
cucrem.

TpeHYTHO cy y mpexy nepmaHeHTHMX GNSS cTaHMua Ha HMBOY Peaepaunje buX ykwyyeHe 34
CTaHuue, og yera ce 18 Hanasu Ha Teputopmjn depepaunje buX, 13 Ha Teputopmju Penybanke
Cpncke n 2 Ha TepuTopunju Xpeatcke [11]. Mperka nepmaHeHTHUX cTaHuua Penybamke Cpncke
(SRPOS) TpeHyTHO yK/byyyje 44 nepmaHeHTHe CTaHuue, U To 23 Ha TepuTopuju Penybauke
Cpncke, 12 Ha Teputopuju depepaumje buX, 4 Ha Teputopuju Cpbuje, 2 Ha TepuUTOpPUjU
XpBaTcKe 1 3 Ha TepuTopwmju LUpHe Mope.

EBponcku pedepeHTHM cucTem, y Kojem cy ogpeheHe KoopauHaTe NepMaHeHTHUX CTaHWua
SRPOS mpexe, ¢uKcupaH je 3a ctabunHu gmo EBpoasujcke niodye M KouMHUMAMpa ca
MehyHapoaHUM TepecTpuykum pedepeHTHUM oKBMpom y enoxu 1989.0, a y cKiagy ca
yCBOjeHOM ernoxom HasuBa ce ETRS89 (eHr. European Terrestrial Reference System 1989).
Moryh je HM3 peanusaumja ETRS89 cuctema y ogaHocy Ha M3abpaHu ITRF OKBUP, @ KAO KOHAYHM
pedepeHTHM OKBMP Yy KOjeM Cy M3payyHaTe KoopauHaTe nepmaHeHTHWUX cTaHuua SRPOS u
FBiIHPOS mpexke, nsabpat je ETRF2000, 3a enoxy 2011.307, n oBe KoopauMHaTe NpeacTas/bajy
NnonoXaj nepmaHeHTHUX cTaHuua y ETRS89 pedepeHTHOM cuctemy.

3a noTpebe 0BOr pasia KOPUWTEHO je 16 nepmaHeHTHMX cTaHuua SRPOS mperke Koje cy bune
[OCTyNHe 3a nepuog og anpuna 2015. rogmHe go mapta 2016. roanHe. Ha camum je npukasaH
NPOCTOPHM pacnopes, KOpPUWTEHUX MNepmMaHeHTHUX cTaHuua SRPOS mperke y ogHocy Ha
aedvHucaHe ayboke pacjese Ha Teputopuju bocHe n XepuerosuHe Camka 1.

s Sy
N A
b G ’ :';:

Legenda:

® Permanentne stanice
— Duboki rasjedi
[T opstine FBiH
] Opétine Republike Srpske

[ Bréko DC
0 25 50 75 100 km
I .

Cnauka 1. [lpocmopHu pacrioped KopuwmeHux nepmaHeHmHux cmaHuya SRPOS mpexce u dedpuHucaHux 0yboKux
pacjeda
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3. PESYITATU HYMEPUYKUX NCTPAXKUBAHA

MaTtemaTnyka obpaga pesyiTata Mjepersa cnpoBeaeHa je y uHterpmcaHom codpteepy Leica Geo
Office [9]. OBaj co¢dTBep je jeaHOCTaBaH 3a npernes, Npouecupare, OLjeHy KBaauTeTa U
yyBaHbe nogaTaka. Y npBOM KOpaKy 0BOr paja yseseHu cy npeysetn RINEX nogaum n nsspweHa
je npoBjepa cBMX nogaTtaka. 3aTMm cy yBeseHe nybanKkoBaHe npeumsHe edpemepuge. HakoH
Tora obpaheHe cy 6asHe nuHMje (BEKTOpM), Ha OCHOBY yHanpujea aepuHUCaAHOr nNaaHa
onaxarba. Y TOKy obpane npoBjepeHO je Aa /M Cy 3a CBe BeKTope pujeweHe dasHe
HeoapeheHOCTH, TO jecT Aa Au cy 3a CBe BeKTope fobujeHa duKCHa pjewera. YK/byumBarbe
ny6MKOBaHUX NpeuusHux epemepua CNpoBeAEeHO je Y un/by A0OMjarba WTO KBAZIUTETHUjUX
W TaYHWjUX pe3yntata u3paBHara. KomepuujanHe un npeumsHe edemepuge ce pasukyjy.
KomepuujanHe edemepuse cy AOCTyNHe y peasiHOM BPeEMEHY W padyHarbe CcaTeNUTCKUX
KOOpAMHaTa U3 KomepLmjanHux ebemepura ce ayTomaTCKu BpLIKN y cBakom GPS npujemHuUKy.
OHe cy caCTaBHM AMO HaBUraLlMOHe NOPYKe U cafprKe nogatke o Kenneposum enemeHTUMa U
HUXOBUM BPEMEHCKMM npomjeHama. lMpeuunsHe edpemepuae HUCY [OCTYMHE Yy peasHOM
BPEMEHY M HEOMXOHO je hbUXOBO HAaKHAZAHO Npey3nmatrbe. Passior 3a To 1IeXu y UnktbeHnum aa
ce oapehyjy Kao amo pjewerba rnobanHe IGS mperke ctanHmMx GPS ctaHuua. Mogaum Koju cy
Cafip’KaHU y npeumsHum edemepuiama Cy KOOpAMHATE caTesnMTa M CTakbe YAaCOBHUKA Y
MHTepBanauma og 15 min. Yaumajyhu y 063mp mehycobHe ygasbeHoCcTU namehy nepmaHeHTHUX
CTaHULUA npeameTHe mpexe Koje cy ~ 50 km, y noctynak mM3paBHartba Mpexe YK/byyeHe cy
nybavKkoBaHe npeunsHe epemepuae 3a nepunos of roamHy AaHa v WecT mjeceum (Tpu mjeceua
npvje 1 Tpu mjeceua Nocauje 3a Nepuoa UCTPaXKMBakba).

MpumjeHoM MmeTode Hajmakbux KBaapaTa LSM (eHr. Least Squares Method) pobujeHn cy
pe3ynTaTM M3paBHaTMX HGa3HMX BEKTOPA, OAHOCHO, HWUXOBE M3pPaBHATE KOMMOHEHTE Kao MU
BapujaHce n KoBapujaHce Canka 2.

Pe3ynTtaTv U3paBHatba NpeacTaB/bajy HajBjepoBaTHMje BPpMjeaHOCTM KoopAMHaTa TavaKa. LWTo
je Behu bpoj mjepeHnx BesnumMHa, To je Beha BjepoBaTHoha aa ce fo6ujy KoopauHaTe bavcke
Ta4yHUM BpUjegHOCTUMA.

Y Apyrom KopaKy NpUCTYN/beHO je GpUKCUparby NOJIOXKAja U BUCMHE NMEepMaHEeHTHe CTaHuue
Barba Jlyka, uvje cy KoopguHaTe npeyseTe ca noptana Penybavuke ynpase 3a reofercke u
MMOBWHCKONpaBHe nocnose Penybavke Cpncke [10]. Mpexa je M3paBHaTa ca AaTymom
AedUHUCAHUM Yy TOj TauKkKU. YKYMHO je m3BegeHo 50 M3paBHatba Ha CeAMUYHOM HMBOY (3a
nepuog og, anpuna 2015. roanHe go mapta 2016. rognHe), KopuwTerem jegHoobpasHor
MaTemMaTU4Kor mogena.

AHanusa pesynTaTa je U3BeaeHa Ha OCHOBY A06MjeHMX U3BjellTaja U3paBHatba. Y U3BjewTajy
n3paBHaba NpeacTaBs/beHa cy Tpu tecta W-tecT, T-tecT 1 F-TecT. F-Tect npeactassba rnobantm
TECT MOZENA U CAYXKW 33 TecTUparbe HyATe xunotese Ho NnpumjeHOM a-noctepuopun daktopa
BapujaHce n a-npropu dakTopa BapujaHce. MocToje TpM OCHOBHaA pasnora yc/bes Kojux F-tect
MOXe 6UTM oabayeH: Be/NMKe Fpellke y onaxkatbMma, HeafeKBaTaH MaTEMATUUYKM MoAen
n3paBHatba U HeaAeKBaTaH CTOXaCTUYKN MOAEN U3paBHakba. YKOIMKO F-TecT Hunje 3340BOJbEH,
notpebHo je NnpoHahu y3poK. Y3pok ce oTKpmBa npumjeHom W-TecTa, ogHOCHO datasnooping
TecTa. F-TecT je marbe OCjeT/bUB Ha rpeLlKke y nojeauHMm mjeperbMma, na ce M3 TMx notpeba
npumjerbyje W-TecT, Kako 61 ce oTKpuae eBeHTyasiHe rpybe rpellke mjepera. BUTHO je nctahm
na W-tect TecTMpa nojegmMHayHa mjepema, TecTupajy ce KomnoHeHTe dx, dy, dz, a 3a TecTupamse
6a3He IMHMje Kao LjennHe, KOPUCTU ce BULLIEAUMEH3NOHAAHM T-TecT.
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Cnuka 2. U13271e0 (hopmupaHe mpexce HOKOH U38pueHo2 Mpoyeca UspasHaHha

YKONMKO HeKa o4 Mmjeperba He 3340BO/baBajy CTAaTUCTMUYKE TECTOBE, HWje MPenopyys/bMBO
of6aumnTH HUXOBe pe3ynTaTe. JegaH of CueHapuja je Aa ce UCK/byYM OMnakakbe WUan NOHOBO
N3Mjepun KPUTUYHO onarkarbe. Mpu Tome, Takohe Tpeba NPoBjepUTN YHECEHE BUCMHE QHTEHA U
HMXOBE MjepeHe BpujeaHOCTu.

3.1. AE®UNHUNCAHE PETPECMOHE MPABE

HaKoH yTBphu1Batba YntbeHULE Aa Ce CBE NEPMAHEHTHE CTaHULE, KOje YMHE NPeaAMETHY MPEXKY,
Hanase y 33. n 34. 3o UTM (Universal Transverse Mercator) npojeKkuuje v3BpleHa je
TpaHchopmauMja KoopauMHaTa M3 TEeOLEHTPUYHOr KoopauHaTHor cuctema WGS84 vy
KoopanHaTHu cuctem UTM npojekumje (Easting, Northing) 3a cBux 50 Heajesba.

JInHWjckun pasmjep ayx cpearer mepuaujaHa 3oHe UTM msHocn my = 0.9996. LieHTpanHum
mepugmnjaH 3a 33. 30Hy je Ly = 18° u 3a 34. 30Hy je L, = 21°. MNomohHe BenuumHe 3a
KOHBepTOBakbe reoeTckux KoopgmHata B n Ly koopguHate E v N y pasHn UTM npojekuunje
oapehyjy ce Ha ocHoBy c/begehux nspasa [8]:

e=|=—-1 (2)

A=(L—Lg)cosB; T=tan?B; C = e'?cos?B (2)
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V=—_% (3)

T
(1—-e?sin2 B)2

M=al(1-je?— et —e®) B~ (Se?+ et + e sin2B) + (5et +

4 64 25 8 32 10 256
45 g6 sin4B> — 3% e6sin 6B] (4)
1024 3072
) 43 2 12y AS
Y =V][A+ A -T+C)%+ (5187 + T2 +72C - 58¢"%) = (5)
42 A% A®
x'=M+VtanB [?+ (5 _T+9C)Z+ (61 —58T + T2 + 600C — 330e’z)a (6)
E = y'my + 500000 (7)
N = x'm, (8)

Kako 6y ce 60/be younno nomjeparbe No KOOpANHATHUM OCamMa 33 CBAKY NEPMaHEHTHY CTaHULY
y TOKy 50 Hegjesba, M3BPLIEHO je 04y3MMatbe KOHCTAHTHE BPUjeaHOCTM 3a CBaKy KOOPAMHATHY
ocy, NojeanHa4YHo 3a CBaKy NMepMaHeHTHY CTaHuLy.

Pasnor 36or Kojer je NPUCTYN/beEHO NPUMjEHU SIMHEApHEe perpecuje, OA4HOCHO AedbuHUCakby
perpecuoHe npase, jecte YMHbEeHMLUA A3 je OBO jedaH oA HayMHa 3a aeduHuMcare npasBua Ha
HauMH A3 je cyma KBagpaTa yAa/beHoCcTU M3mehy mnojeguHauyHMX MosoXKaja NepMaHeHTHUX
CTaHMLA W TayaKa Ha NpaBoj MMHWMMANHA. [eduHucarbem jegHe oBaKBe NpaBe yo4yaBsajy ce
nojefMHavyHa oACTyNakba y MO0XKajy N0 KOOPAUHATHUM OCama 3a CBaKy NepMaHEHTHY CTaHULY
y TOKy 50 Heajesba.

Ca unbem ogpehuBarba BEKTOpPa NOMjepaja 3a CBaKy NEPMAHEHTHY CTaHWLY, W3BPLUEHO je
O4yMTaBakbe BPMjeAHOCTM NOYETHE U Kpajibe TauKe perpecnoHe npase Camka 3.

Koordinata

10+

i | | |
| | I
1 23 45 6 7 8 910 Nedelja

Cnuka 3. Odpehusare sekmopa nomjepaja 3a nepmaHeHmMHy cmaHuyy

OapeheHn MHTEH3UTET, NpaBal, U CMjep BEKTOpa Nomjepaja 3a cBe NnepmMaHeHTHe CTaHuue
npuKasaHu cy y Tabenu 1, a rpadmykm npmkas npeactas/beH je Ha Cavum 4.
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Tab6ena 1. [peenedHa mabena ca uHMeH3UMEMOM, MPABUEM U CMjepoM 8eKmMopa Momjepaja 3a nepMmaHeHmHe
cmaHuye

MepMaHeHTHa CTaHML MHTe.H3M.TET BeKTOpa CMje.p Be.KTOpa
nomjepaja [mm] nomjepaja
Hosu 'pag, 5,28 cjeBepo-nCToK
Cpbau, 0,71 jyronctok
LLinnoso 1,81 CjeBepouncToK
Tecnuh 2,13 jyrosanap,
Kosapcka Aybuvua 4,75 jyroncrok
Bpog, 3,81 jyrosanag,
Bujesnna 5,37 jyrosanag,
LLlekosuhu 5,38 cjesepo3sanag,
BpaTtyHay, 9,10 cjeBepo3anag
Cokonal, 5,25 CjeBepomnCTOoK
Pyno 8,73 cjesepo3anag
®oua 9,98 cjeBepo3anag
lauko 14,09 cjeBepo3anag
Tpebume 8,77 cjeBepo3anag
Hesecume 22,82 jyrosanag,

Legenda:

® Permanentne stanice

—— Duboki rasjedi

[1 Opstine FBiH
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[ Bréko DC —>

0 25 50 75
L T

Cnuka 4. MpaghuyKu NpUKa3 6eKMopa MosoHaja 3a C8aKy NepMaHeHmHy cmaHuyy y 00Hocy Ha dyboke pacjede buX
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4. 3AK/bYYHAK

Peny6nuyka ynpaBa 3a reofgeTcke U UMOBMHCKONpaBHe nocnose Penybanke Cpncke je y ckaony
npojekta BIiHPOS ycnoctaBuna HauuoHanHy mpexy GNSS nepmaHeHTHMX CcTaHWua 3a
peanusaumjy nosmumoHor cuctema SRPOS. Cuctem je KoHUMNupaH aa y3 nomoh caTeNmMTCKux
NO3ULMOHUX CUCTEMA OCUTYPA BP0 BUCOKY TAYHOCT oApehnBatrba No0XkKaja Tavyaka v To y3 LWITO
MakbM YyTPOLUAK BPEMEHA M Y3 WITO Makba PUHAHCHKjCKa cpeacTBa.

OCHOBHM UM/b OBOr pada je 6uo ucnutatu ctabuaHoct SRPOS cuctema, yTBpAUTN MoryhHocT
Herose NpUMjeHe 3a noTpebe UCTpaxKmMBarba re0AMHAMUYKUX NOMjeparba Kao U AjenoBarbe
pervMoHanHux pacjea Ha CTabuaHoOCT mpexke nepmaHeHTHMX GNSS cTaHuua. Ucnntusame je
n3BpLweHo 3a nepuog og 20.4.2015. rogmHe go 31.3.2016. rognHe Ha cegMUYHOM HUBOY 3a
VKynHo 50 Hegjesba. AHanusumpajyhu pesyntate gobujeHe y CKAOMYy OBOr WUCTPaKUBakba,
3aK/bydyje ce ga Agonasu o ogpeheHux nomjeparba NEPMaHEHTHUX CTaHMLA U NPOMjeHe
HUXOBOr nosioxaja. OapeheHn MHTEH3MTEeT, NpaBal, U CMjep BEKTopa nomjepaja 3a cBe
nepMaHeHTHe CTaHULE YKa3yjy Ha YMHbEHULY Aa ce OHe Kpehy pasanymuTUm UHTEH3UTETUMA U
Y Pas3IMunTUM CMjepoBMma y pacnoHy og, 0.71 mm (nepmaHeHTHa ctaHuua Cpbau) 4o 22 mm
(nepmaHeHTHa cTaHULUa HeBecumse).

MNepmaHeHTHa cTaHMua y bamoj /lyum je KopuwTeHa Kao pedepeHTa, 3a by ce Bes3ao uujenmu
MOZEN U 3a bby HUje aeduHmMcaHa cTabuaHocTt. OHa ce Hanasu Ha Tpomehu Tpu ayboka pacjeaa,
Te ce Npenopydyjy AoAaTHa UCNUTUBaa teHe cTabuaHocTu. Mojac nepmaHeHTHUX CTaHULA:
Tpebume, Nayko, douya, Pyao, bpatyHau u LLekosuhu, ce kpehe y cmjepy cjeBeposanaga v oHe
Cy NPUBAMIKHOT MHTeH3MTeTa. OBa NoMjepatba Cy Y Kopenaumju ca KpeTarbeM BEeIMKOr pacjesa
3em/bUHe Kope Ha TepuTopuju BocHe u XepuLerosmHe, Koju ce npoTexe of Teputopuje
cjesepHe MHanje (noapydje Xumanaja), npeko Teputopuja NpaHa, Typcke u MpuKke (MCTOUHM
MeauTtepaH), Te Npenasu jy>xHUM aujesom TepuTopuje, raje ckpehe ka cjeseposanaagy.

MNepmaHeHTHa cTaHWUa HeBecurbe ca HajsehMm MHTEH3UTETOM BEKTOpa nomjepaja y cmjepy
jyrosanaga ykasyje Ha moryh npouec cyye/baBatba Bpbackor pacjega ca JagpaHcKom
MWKPOMN0YOM, KOja MOKe [a foBefe A0 NojayaHMX CEM3MUYKMX gorahaja Ha TOM noapyYjy.

MNepmaHeHTHe cTaHuue Bpoa, Technh n BujesbmnHa ce kpehy y cmjepy jyrosanaga vt npubanKHor
Cy MHTE3UTEeTa BEKTOpa Nnomjepaja 1 obpasyjy noapyyje UcTor TEKTOHCKor obpacua.

N3mehy nepmaHeHTHUX cTaHuua Tecamh n Cokonay, ce Hanasu pacjeq bocaHcku Hosu-barba
Jlyka-OnoBo-Buwwerpag Koju nponasu Kpo3 onwTtuHy Hosu Mpag raje ce Hanasm nepmaHeHTHa
cTaHuua. NMepmaHeHTHe cTaHunue Hosu pag n Cokonay, ce nomjepajy y cmjepy CjeBepOonCTOKa,
[JOK Ce NnepmaHeHTHa cTaHuua Tecanh Kpehe y cynpoTHOM CMjepy Y OL4HOCY Ha WX Y CMjepy
jyrosanaga. OBo yKa3syje Ha cyyesbaBame pacjega U moryhHoCT nojaBe ceMsMmnUYKnX gorahaja,
WTO je eBUAEHTMPAHO CKOPaALLHMM 3eM/BOTPECUMA Ha TepUTOpUju bocHe n XepuerosuHe 15.
asrycrta (FToptba bpesa M2.9 n barba flyka M2.8) 1 16. asrycta (Kakaw M3.4) 2020. roauHe.

KoHauHO, MOKe ce 3aK/byunTn Aa cy Bennke moryhHoOCTM U NpefHOCTM OBAKBE BPCTE aHanuse
reogMHamuKe, ann CBakKako Aa 6uW y CBpXy MPEUM3HUjUX U MOoy3daHWjuX mjeperba, buno
HEOMXOAHO M3BPWWUTM MNOCTaB/batbe A0AaTHUX nepmaHeHTHMXx GNSS craHuua Ha uBpcTe
noasore (UBpCTe cTUjeHe). 3a 0BaKaB BUA CBaKoAHEBHOT Npahera 1 aHannsnparba, HEONX04HO
je octBapuTK capaamy ca Penybanukum xmapomeTeoposiowKknum 3asogom Penybanke Cpncke,
NnoA YMjUM OKPU/bEM je CEKTOP 3a CeM3mMonorujy, u dopmmpaTt ageKksaTaH TUM CTpy4tbaKa.
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CO®PTBEPCKA PJELLEHA 3A OBPALY OBJ/IAKA TAHAKA

ATICTPAKT

MpuKyn/batbe NPOCTOPHMX NoAaTaka 3HavajHo je yHanpeheHo nojasom LiDAR TexHoNOrMja U TexHo10runja
NlacepcKor cKeHuparba. PesynTtaTt Koju npousmunasu M3 CHUMarba OBUM MeTojama jecte obnak Tavaka.
KonnumHa nopgaTaka Koja ce aobwuja 3axTvjeBa cneumnjannsoBaHa codpTBepcKa pjeliera 3a pjelaBakbe
33/aTaKa Koju ce NocTaB/bajy Npes UHKeHepCcKy CTPYKY Y 0Boj 061acTu. Y pagy cy onucaHe TexHonoruje
NPpUKyN/barba NoAaTaKka Ymnju je pesyntat obnak Tayaka, KomepumjanHa codTBepcKa pjellera 3a obpagy
obnaka Tayaka, Te je npeacTaB/beHo becnnaTtHo codTBepcko pjewerbe Cloud Compare u werose
npegHocTy.

KroyuHe pujequ: Obaak mavaka, nacepcko ckeHuparse, LiDAR, Cloud Compare

POINT CLOUD PROCESSING SOFTWARE SOLUTIONS

ABSTRACT

Spatial data collection has been considerably improved with the invention of LiDAR and other laser
scanning technologies. The result of surveying with these methods is a 3D point cloud. The amount of
data obtained requires specialized software solutions to solve the tasks set before the engineering
profession in this field. The paper describes data collection technologies resulting in point clouds,
commercial software solutions for point cloud processing, and presents an open source Cloud Compare
software solution and its advantages.

Key words: Point cloud, laser scanning, LiDAR, Cloud Compare
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1. YBOJ,

Pa3Bojy TexHoNOrMje NpuKyn/bakba nogataka AonpuHujena je nojasa LiIDAR (Light Detection
and Ranging) unn LaDAR (Laser Detection and Ranging) cuctema y cegamaecetmm rogmMHama
npownor Bujeka. PasBojy cy aonpuHujenn u Hanpegak y THCC (FnobanHu HaBuraumoHwu
caTenuTckn cucrtem) cuctemmma u IMU (Inertial Measurement Unit) cuctemn Koju cy
omorvhunu npeunsHo ogpehnsare nonoxaja camor ceHsopa. KombuHauujom cBux cuctema
omoryheHo je oapehnBarbe XOPU3OHTAZIHOI U BEPTUKAIHOT MOJIOXKAja Ta4aKa C 40BO/bHOM
npesvuHowhy 3a Mo4eN0oBakbe U KapTUpare NpocTopa.

MogaumM Koju cy MPUKYN/bEHU TEXHOJIOTWjOM NacepCKOr CKeHMparba OPraHM3oBaHW cy Yy
reopedepeHuUMpaH 06/1aK TayaKa Koju CYXKM Kao yaasHM nojatak npu Aobujarby gUrntTaaHmx
MoZe/ia MoBpLUMHA M TepeHa, 3a Aobujare 3 mogena objekaTa 1 rpagoBa Kao 1 3a Aobujarbe
Y34YXKHUX M NonpedYHnx npoduaa 1 3a MHore Zpyre npumjeHe.

Obnak Tayaka MpeacTaB/ba CKyM Tayaka Koju Hajuyewhe cagpKu AeceTMHe na U CTUTOHe
MWAMOHA TayaKa, Y 3aBUCHOCTM Of Be/IMYMHE NPOoCcTopa Koje je 6uno npegmeT CHUMakba. 3a
Aobujarbe KOHaYyHOT NPoAYKTa M3 061aKa Tauyaka BaxkaH je n3bop codpTeepa y Kom he ce BpwnTH
obpaga. Ha TpKUWTY NocToju BennKku bpoj KomepumjanHux codpTBepa 1 copTBepa OTBOPEHOr
KoAa 3a gobujarbe Xes/beHor NpoayKra.

2. TEXHOJTOTMIE MPUKYMN/bAHA TEONMOOATAKA

CBjefounM CMO BENMKOr HampeTKa Ha MoJby TEXHOJ/orMja, ycaBplaBakby nocTojehux u
pa3BUjarby NOTNYHO HOBUX TexHoNOrMnja. OCTBapeH je Hanpedak Ha Nosby NPUMjeHe padvyHapa
y doTorpameTpujm 1 pa3Boj AurmTtaaHe poTtorpameTpuje Kao 1 nojase NOTNYHO HOBUX TEXHMKA,
Kao LUTO CY PaflapCKo CHUMake 1 Nacepcko CKeHUparbe 13 Basayxa [10].

MocebaH Hanpeaak OCTBapEH je y NPUKYM/bakby reonpoCTOPHMX noaaTaKka:
" poTOrpamMeTpMUjCKUM MeToaama,
" TEePecTPMUYKMM NIaCePCKMM CKEHMpParbeM,

= LiDAR TexHonormnjama.

2.1. ®OTOrPAMETPUICKA METOJA

doTorpameTpmjcka MeToda MpeacTaB/ba MPUKYN/bakbe MNOY34aHUX TPOAMMEH3MOHANHUX
MHopMaLMja O GU3MUKUM OBJEKTMMA U OKPYKErY KpPO3 NPOLEec CHUMaka, Mjepera M
UHTepnpeTaumje potorpadcknx cHumaka [10].

[aHac, ¢doTorpameTtpujcka meToda Aobujarba obnaka Tayaka, noap:KaHa padvyyHapCKOM
obpagom, 3acHoBaHa je Ha metoan SFM (Structure from Motion). SFM metoaa (Cnuka 1) je
HUCKODYLIETHA MeToda Mjeperba M He 3axTujeBa CKyrne WHCTPYMEHTE, a Mjeperba ce Mory
06aBUTN BMNO KOjOM BPCTOM AUIMTANHMX Kamepa, o4 SLR ¢doToanaparta, marbux AUrUTaAHUX
¢doToanapara, nNa Yak 1 ca KaMepom Ha NaMeTHUM TesiepOHUMA.
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Mpea ¢asa SFM anroputma obyxsata NpoHanasak MOAEHTUYHUX AeTasba (K/byYHMX Tayaka) Ha
BULE CHMMAKa. OcHoBHM Npobiemu y 0Boj dasu npeacTaB/bajy Be/MKe BapujaLmje y pasmjepu
CHMMaKa W No3nUMju Kamepe Te NpomjeHa ocsujeT/beHocTU. OBaj npobsiem ce pjewasa
npumjeHom SIFT (Scale Invariant Feature Transform) anroputma. SIFT anroputam ce Temesby Ha
[ETEKUMjU U 1U34Bajatby K/bYYHUX TayaKa Koje ce MOry UCKOPUCTUTU 33 NOBe3MBatkbe BuULlE
pa3nnumtux potorpaduja nctor ob6jekta. MU3aBojeHe KibyyHe TauKe Ha BULLIE CHMMAKA NOBE3Yjy
ce kKopuwherem RANSAC (RANdom SAmple Consensus) anroputma [15].

Y apyroj ¢asu ce BpwK yKnanake CHUMaKa u ogpehyjy ce napameTpu Kamepe npumjeHom BA
(Bundle Adjustment) anroputma. BA, npukasaH Ha Cavum 2, BplWIM ONTUMM3aLMjy no3uumja
K/bYYHUX Tayaka M MoJIOXKaja Kamepe y3 MUHUMMU3MpaAre KBagpaTta rpellke oAcTynaka
n3mjepeHe v npoumjereHe nokauuje, n omoryhasa aa ce ogpege [15]:

= nosuumje kamepa (X, Y, z), (X', Y, Z'),

=  opwujeHTauujei, i’,

= KUXKHe gasuHe f, ', n

= penaTuMBHe nosuuuje ogrosapajyhux aetasma b, h.

Crepneha ¢asa je reHepucarbe pujeTkor obnaka Tauyaka (sparse point cloud) Ha ocHoBy
oppeheHnx napametapa Kamepe u3 npetxoaHe ¢ase u SFM Tayaka Koje ce ycBajajy Kao
KOHTpO/He. HaKoH Tora ce Bpwu nporywhasarbe 061aka Tauyaka M M3BO3 TayaKa Y JKesbeHU
dopmar.

Cunvak 3 \

.| Cemmak 2 ‘

KPETAIE KAMEPE

Cunmax 1 /

' Haentfigne

Taake ofjexTa

Cnuka 1. lemekyuja u3 nokpema Cnuka 2. Aneopumam Bundle Adjustment [15]
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2.2. TEPECTPUYKO NACEPCKO CKEHUPAHE

TepecTpuuKe nacepcke ckeHepe moryhe je noanjennTv npema HauMHy cCHMMaka [13]:
= CKeHepu Kamepe,
"  aHOPAMCKM CKEHepU, U

" XMBPUAHMU CKEHEpU.
2.2.1. CKeHepu-Kamepe

HauMH cHMMarba MoXKe ce ynopeauTn ca ¢oTorpameTpujcKUM Kamepema Koje umajy
orpaHuyeHo smaHo nosbe (Field Of View — FOV). OBaj TMn cKeHepa BPLWW MPUKYMN/bakbe
nogaTaka nomohy pgABa CUMHXPOHM3OBaHa oOrnegana Koja YycmjepaBajy /1acepcku 3pak.
MpuKkyn/batbe NojaTtaka OBMM CKEHEPOM je HEeMpakTUYHO jep je YCKO Mo/be CHUMAaHA.
MpeaHOCT oBOr meToAa ornefa ce y BE/IMKOM AOMETY CKeHMpakba, Hekn 1 Buwe og 1 000 m,
LWTO HagoKHahyje oBaj HegocTaTak [13].

2.2.2. MaHOpamMCKMu CKeHepu

MNo/be cHUMMara je orpaHuyeHo 6a30M MHCTPYMEHTa; OBO NOApPA3ymjeBa Aa Ce BpLUK
CKEeHWpParbe OKO MHCTPYMEHTA, OCMM MoApYyYja Koje ce Hanasu UCNofA NocTo/ba MHCTPYMEHTA.
MpuKyn/batbe nNogaTaka BPLM Ce POTUPAHEM jegHOr ornegana Koje ycmjepaBa 3pak Y
BEPTUKANHOj paBHK y oncery og 310°, Te poTUparbem MHCTPYMETA Y XOPU3OHTA/IHOj PaBHU 3a
360° oko BepTMKanHe oce. MpeAHOCT ce orneaa y BeIMYMHU NoApyYja CKeHMpama, AOK Ce Kao
HefoCTaTaK WCTMYE KpaTakK AOMeT CcHMMaka. Hajsehy npumjeHy Hanasu y cKkeHuparby
YHYTpalwHux npoctopa objekara [13].

2.2.3. XubpugHu ckeHep

MNoapyyje cHMMaHa Y XOPU3OHTaNHOj paBHM je 360°, AOK je y BEPTUKANHO] paBHU OrpaHUYeHO
Ha 60°. XMbpuaHn ckeHepu cagprKe NPU3My Uau Ornenasno Koje ce poTupa OKO XOPU3OHTa/IHe
oce. MpuKyn/ba nogaTke No BepTUKaNHOM yray og 60° y TpeHyTHOM cmjepy riegara. OBaj Tmn
MHCTPYMeEHTa Hajuewhe ce KopucTu y npakem [13].

2.2.4. Lidar texHonoruja

Mojasom LiDAR TexHONOrmnje nacepckor CKEHUpaka NPUKyn/bakbe Nogataka ywao je y HOBM
nepuog. OBMM mjepHUM NocTynkom nosehaHa je 6p3nMHa NpUKynN/batba NOLATaKa U KOIMUYMHA
MHbopMaLMja Koja je ce Aobuje, Npu Yemy je cMakbeHa UujeHa paga Ha TepeHy [13].

Jlacepcko cKeHupare M3 Basgyxa BpwKM ce ¢ nnathopmu Koje mory ga 6yay aBuOHM,
Xe/IMKONTEPU MAW ApoHOBW. MpuHUMN oppehuBarba MOMOXKAja TayKe BPLUM Ce TAKO LITO
NlaCepCKM CKEHep Mjepu pacTojare 40 TaYKe OCBUjeT/bEHE JTAaCEPOM HA NOBPLUMHKU 3emsbe, T
y KombuHaumju ca THCC n UMY cuctemnma ogpehyje nosmumjy M opujeHTaumjy cuctema.
MNosunymoHmparwe nomohy N'HCC cuctema ynotnymwyje ce npumjeHom MHCC 6a3HMX cTaHuMua,
ynme ce nocTuxke Beha TayHOCT M Moy3gaHoCT oapehuBarba nonoxaja. faHac, y sehuHu
OprKaBa MocToje pasBujeHe mpexe nepmaHeHTHUX THCC ctaHuMua u Hema notpebe pa ce
nocrassbajy 3acebHe ctaHuue [13].

LiDAR cuctemun onpemsbeHu Ccy AUrMTaAHUM Kamepama Koje y CUHXPOHM3auUMju C acepCKuUm
cKeHuparbem omoryhaBajy, KacHuje y 0bpaamn, nakwe npenosHaBare objekaTa [13].
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LiDAR cucTeMu KopucTe pasinymTte BPCTe Jlacepa, a cama pedsiekcuja 3aBMcK o, NOBPLUNHE U
TanacHe AyKuHe. Jlacepu Koju page Ha TasnaCHUM AyXKMHama 6AMCKMM BUA/BUBOM CMEKTpY
MMajy jak cTeneH ancopnuuje Ha BOAEHMM MOBPLIMHAMA, a BOAEHe MoBplwuHe Hehe 6UTK
BUA/bUBE Ha CHUMLMMA TaKBOr cKeHepa [13].

3. NPUMIEHA NNACEPCKMX CKEHEPA

MpumjeHa nacepckux ckeHepa y rpaheBuHapcTBY yK/bydeHa je y cee dase, o4 nNpojekToBarba
cBe [0 peanusauuvje npojekata. Koa wusrpaatbe caobpahajHuua nacepcku CKeHepu ce
npuvmjerbyjy 3a NpoBjepy CTatba KOMIOBO3a M TaKO HEMNOCPeSHO Y4YecTByjy Yy CMarberby
yyectanocti caobpahajHux Hecpeha yc/ben nower ogpikasarba NyTesa. JlacepcKM CKeHepw ce
YBENNKO KOPUCTE M NPWU U3rpagtbM MOCTOBA, TyHesa, 6paHa M 3rpaga, 3a MOAEeNoBake TUX
objekara [10] 1 [13].

JNlacepcKo cKeHMpakbe ce cmaTpa HanpeAHWjOM TEXHUKOM Yy OAHOCY Ha Kaacu4yHe reofeTcke
meToge npemjepa (ToTanHa crtaHuua, IMC) Koje npaTe nomjeparbe camo oapeheHor 6poja
TayakKa, /1aCepCcKU CKEHEP MOMKE OMaXKaTh OAHOCHO NPaTUTK Aedopmaumjy YMTase NOBPLUMHE.
Jlacepckn ckeHepw cy BuWe Hero norogHu 3a npahewe gedopmaumja Ha KanUTaaHUM
rpaheBMHCKMM 06jeKTMMa NonyT MocToBa M 6paHa [1].

Moctynak npahera gedopmaumja objekata nacepcknMm CKeHepoMm cacToju ce og, [9]:

=  CHMMarba (CKeHuparba) objeKTa MAM MOBPLUIMHE /IACEPCKMM CKEHEpOM W AMMUTaIHOM
Kamepom (y HEKONUKO enoxa),

= 0b6paga obnaka Tayaka v M3paga 34, mogena ogabpaHe nospLIMHe,

= nopehere mogena n3 pasHMUX enoxa n padyHare oactynarba (Camka 3.).

-3.8 ——eer

/ \ Blue: original
-4 Red: optimized
-4.2 \

-4.4
-3.2 -3 -28 -26 -24 -22 -2 -18 -16 -14 -1.2 -1 -0.83 35 4 45 5
x/m y/m

Cnuka 3. MNopeherbe mjepeHoe u onMumManHo2 o0cmyrnarsa ayka [7]

JlacepcKn CKeHepu Cy HaWAW NPUMjeHY Y CBAKOj rpaHu JbyAacKe AjenaTHOCTU Koja 3axTujeBa
NPUKyN/batbe BeANKe KOMYMHE TayHux 3/, nogaTtaka. 3a MHAYCTPUjCKE NPUMjeHe yTpoLIeHO
BpUjEME je jaKo BaKaH UMHWMAaL, jep Tpeba n3bjeraBaTi AyKe nepuoae 3aycraB/bakba NoroHa.
Mpuankom cHUMara paduHepuja UAM CANYHUX MOJIMFOHA Ca MHOLUITBOM XOPW3OHTA/IHO U
BEPTMKaNHO pa3BedeHUX reomeTpujckux obamka (umjesn, KOTNIOBK), NacePCKO CKEHUpakbe je
nocebHo ncnnatneo. OcobuHe nacepckmx cKeHepa Koju ce ynotpebsbasajy y MHAYCTPUjU cy
Masiv LOMET aNun BENUKA pe3onyunja ckeHmparsa [7].
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4. COPTBEPCKA PJELLEHA 3A OBPALLY OBJIAKA TAHAKA

MpumjeHOM nacepckux CKeHepa W3 Basgyxa WMAM TEPECTPUYKMM NaCEePCKUM CKEHUpPAHeM
nobuja ce BennKa KOIMUYMHA NoAaTaKa Koja, Y 3aBUCHOCTU Of, KapaKTepUCTUKa CKeHepa, BpcTe
0bjeKTa UM napameTapa peasn3oBaHOr /ieTa CKeHUParba, MoXKe A0CTUhKN U NMPeKo CTOTUHY
TaYakKa Mo MeTpy KBagpaTHOM. YcnjewHo Kopuwherbe nopataka /lacepPCKOr CKeHWparba
noapasymujesa Kknacudukaumjy tayaka u3 obnaka npema Tome Ha Koje ce objekte u/unm
nojase opgHoce. 3a oBe noTpebe pasBujeH je BeAUMKM OpoOj anropuTama Koju cy
UMNEMEHTUPAHN Y OKBUPY KOMEPLMjaNHUX W Apyrux coPTBEPCKMX anaTta 3a obpaay nogaTaka
Nlacepckor cHUmama [2]. Y cknagy ca notpebama passujeHa cy pasnuumTta codrBepcka
pjewerba.

4.1. CO®TBEPCKO PJELUEHSE QT MODELER

CodtBep QT Modeler (Tabena 1) passujeH je y Johns Hopkins yHusepsutetry (CAL), y
nabopaTopuju npummnjerbeHe GU3nKe Kao anat 3a npukas 31 moaena, cnocobaH aa obpahyje
6uno koju TMn 3[ nopataka, 6e3 o63upa Ha TO Aa /IN CYy CHUM/bEHU KopuwTerwem LiDAR
TEXHO/IOTWje, TEPECTPUYKMX NACEePCKMX CKeHepa WMAM BUN0 KOjuUX [pYyrux reonpocTopHMX
ceHsopa [4].

Tabena 1. Coppmeep QT Modeler — ocHosHe uHdopmayuje

Mpounssohau Applied Imagery (CAL)

Web cTpaHuua: http://appliedimagery.com/

AKTyenHa Bep3uja: v8.1.0

LUunjeHa: HenosHato

HamjeHa: 3[], BU3yenusauuja reonpoCcTopHMX noaaTtaka

Tok paga y QT Modeler 3anoumtbe yBo30M NPUKYN/bEHUX NogaTaka y buHapHom LAS dopmarty,
XYZ dopmaty unm jegHom of cTaHgapaHux popmata camor copTeepa. Of yBe3eHUx nogartaka,
QT Modeler uspahyje o6nake Tayaka uaum TIN (Triangular Irregular Network) mogene koju he
ce gasbe obpahumeatu. Onumje pagHor npo3opa KopucHMKY omoryhyjy ysehasake, poTuparse
W HaBUraumjy Kpo3 ob6aaK Tauyaka, Kao U HEKO/IMKO A0AATHUX onepalmja yHyTap camor obnaka
Tayaka mam TIN moagena nonyT ypehuBarba, NojayaBarba, aHanM3e WM M3BO3a nogaTaKa.
Ypehuearbe noapasymmnjeBa MoryhHoCT ucjelatba, NpemjeluTarba U M3mjeHe anjenosa obaka
Tayaka, AOK onumje nojayaBarba omoryhyjy nofelwaBatbe OCBjeT/bea M MpeKaanama
CHMMaKa. AnaTKe 3a aHaiM3y Npyajy MoryhHOCTM cumynaumje nonaasa, aHaaM3e BUAOKPYra
ca ofpeheHe TauKe TepeHa, aHa/M3y XMCTOrpama BUCUHA, NPoOpayyH Harmba, nocmaTpare U
OTKpUBarbe U3mjeHa Ha TepeHy. Onumja n3Bo3a nofaTaka omoryhyje n3so3 obiaka Tavaka u
MmoJzena NnoBpLUMHa y pasHe popmaTe Koju YK/byuyjy camkoBHe dopmate nonyT .bmp, .jpg nau
.gtiff u Buaeo popmate nonyt .avi popmara [4].

4.2. CO®TBEPCKO PJELUEHSE TERRASOLID SUITE

Codteep Terrasolid Suite (Tabena 2) je HajkomnaeTHUje U HajHanpeaHWje coOPTBEPCKO pjeLlerbe
3a ynpaB/batbe, 06paay M aHanu3y nogartaka npuKynsbeHux LiDAR cuctemom. Yutas nakeT ce
cacToju opg, yeTMpu rnaBHa naketa: TerraModeler, TerraScan, TerraPhoto wn TerraMatch.
Terrasolid Suite je gu3ajHupaH ga ce nokpehe Kpo3 BUPTyenHy mawmnHy Microstation yHyTap
CAD co¢TBepa, WTO je npegHOCT camo no cebu, jep omoryhyje pag y CAD okpyKehy AOK ce
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obpahyjy LiDAR nogaum v nako cy AOCTynHe anaTke 3a BM3yenumsauujy, 404aBae WM
nomjepatse BEKTOPa, gePpuHUcarbe 03Haka, naoTtame [2].

Tabena 2. Copmeepcko pjewerse Terrasolid Suite — ocHosHe uHpopmayuje

Mpounssohau Terrasolid Ltd. (PuHcka)

Web ctpaHuua: http://www.terrasolid.com/products/terrascanpage.php
AKTyenHa sep3uja: 020.029

UnjeHa: TerraScan: $ 7 700; Terrasolid Suite: $ 14 700

HamjeHa: HanpegHo ynpassbate LIDAR nogaumma

CodTtBepcko pjewerse TerraScan 3a 06pagy ob61aKka Tayaka, ayTOMaTCKM je MHTErpucaHo yHyTap
Microstation codpTtBepa. Heke oa ¢dyHKUMja 3a 06pagy obaka Tayaka AoCTynHUX y TerraScan
cooTBepy cy [2]:

" MHTepaKTUBHa Knacudukauuja 31 objekaTa Kao WTO Cy TOPHEBM U 3rpage,

=  Hpucarbe HeNOTPebHMX Tauaka Uan rpybux rpeLaka y aedbmHUcaHOM NpPocTopy,

" yKnatbakbe HenoTpebHMX Tayaka ¢puaTpmparbem obsaka Tayaka,

" ayTOMaTCKa AeTeKuuja eNleKTPUYHMUX BOAOBA UAN KPOBOBA,

"  113BO3 MOJAENA BUCUHA Y 06/MKY pacTepcke Cauke,

" [pOjeKToBabe Ta4yaka y npodune,

" 13BO3 KNAaCMPUKOBAHMX TayaKa Yy TEKCTyasIHE LOKYMEHTE, U

= moryhHoCT TpaHchopmaumje KoopamHaTa.

Hajseha npepHoct TerraScan codTBepa je cnocOBHOCT ynpaB/batba BEAMKUM KOIMUYMHAMA

noAaTtaka, Tako LWTO 3a NojeanHe CKYNOBe NoAaTaka Kpenpa NpojekTe U Ha Taj HAYMH pa3aBaja
nogaTtke y Makbe LijefinHe Koje ce mory obpafhusaTi He3aBUCHO jegHu og apyrux (Cnuka 4) [2].

CnuKa 4. PadHo okpyxcerbe TerraScan cogpmeepa [2]
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4.3. CO®TBEPCKO PJELUEHE MERRICK ADVANCED REMOTE SENSING SOFTWARE — MARS

JoctynHo je net Bep3uja codtBepa: MARS FreeView, MARS Explorer Evaluation, MARS
Explorer, MARS ExplorerQC n MARS Production (Tabena 3). 3a 06pagy nogaTaka NnpuKyn/beHnx
LiDAR cuctemom Kopuctu ce LAS dpopmar [3].

Tabena 3. Coppmeepcko pjewere MARS — ocHo8He uHgopmayuje

MNpounssohau Merrick & Company (CAA)

Web ctpaHuua: https://www.merrick.com/services/geospatial-
services/software/

AKTyenHa Bep3uja: 2020.1

UnjeHa: MARS FreeView: $0 ; MARS ExplorerQC: $10 000

HamjeHa: Bu3yenusaumja obnaka Tayaka M ocHosHa obpasa

CodTBEP AMPEKTHO YunTaBa .las gokymeHTe nam ASCIl goKymeHTe Koju ce naKko npetsope y .las

y3 nomoh anaTke 3a yBOo3 nogaTaka. PyHKkumje goctynHe y nnaheHom codTBEPCKOM NaKeTy

yrsbyayjy [3]:

"  HeorpaHW4YeH KanauuTeT CKnaguwTera noaataka npukynmweHux LiDAR TexHonormnjom,

= nopgpxaBa LAS popmaT, pactepcke n BekTopcke GopmaTe NnoaaTtaka,

= ayTomaTcKa uspaga 2 v 3 moaena n obpaga obnaka tayaka u TIN nogataka,

=" nogpxasa WMS dopmare,

= moryhHocT 0bpaae BuLe CKynoBa NogaTtaka UCTOBpPeMeHo, WTo obe3bjehyje makcumasnHy
WCKOPUCTMBOCT NepdopMaHCH payyHapa,

= ajaTKe 3a Knacudukaumjy u puntpupare obnaka Tayvaka,

= anaTke 3a nNpeknanake n npodpuamcatbe obnaka Tavaka, u

= moryhHocT TpaHchopmaumje 3 KoopauHaTa us LAS popmara.

4.4. CO®TBEPCKO PJELLUEHSE CLOUD COMPARE

CloudCompare je codtBep oTBOopeHor Koga 3a obpaay 3[ obnaka Tadyaka. [pBa Bepsuja
codTBEpPa je pa3BMjeHa TOKOM capafre Te/leKoOMyHMKauujcke KomnaHuje ParisTech u
UCTparkmBauKke sabopatopuje PpaHuycke enektpoamctpmbuumnje, 2003. rogmHe. OcHOBHa
HamjeHa CloudCompare je 6una 6p30 M ycnjelwlHO OTKpPMBake HacTaAux gedbopmaumja m
npomjeHa y 3[1 o61aumma Ta4aKa BUCOKE NYCTUHE, KOjU CY CHUMJbEHM NACEPCKUM CKEHEPUMA Y
WMHAOYCTPUjCKUM NOCTPOjerbMMa (TepMoenekTpaHe U ci.) Uau rpaheBUHCKUM PaauanLLTUMA.
KacHuje je pa3BujeH y codpTBep 3a onwTy U HanpegHy obpaay 3/ noaaTaka. [laHac je He3aBuMcaH
npojeKkart oTBOpeHor Koga v becnnataH codpreep [14].

Co¢tBep CloudCompare cafp*vM HU3 OCHOBHMX anaTku 3a ypehusarbe n obpaay 3/, obnaka
Tayaka. MNopen Tora, yK/bydyje HanpeaHe anroputme 3a obpaay nogaTaka Koju omoryhyjy
u3BpLaBakbe onepauuja nonyt [14]:

" MpPUWKA3 CHUMKA Y BULIE NpojeKkunja (Nnpasoyrae, LUANHAPUYHE, KOHYCHE),

= perucTpaumja obnaka Tayaka (ICP metoaa),

= pauyyHahbe pacTojatba (M3mehy aBa obnaka Tayaka, usmehy obnaka U mpexe TPOYrIoBa,
usmehy asuje nojeAnHauyHe Tadke),

"  TeCT CTaTUCTUKa, U

" [poLjeHa reoOMeTPUjCKUX 0COBUHaA.
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Co¢dtBep CloudCompare KopucHuumma omoryhaBa ga AMPEKTHO M34Boje nojeamMHadHe 3/
objekTe (UcupTaBarbem 2/l nonmManHMje oKko objeKkTa oa NHTepeca), PpoTaunjy Uav TpaHcaaumjy
jeaHor uau BuWwe cermeHaTa y oAHOCY Ha ocTaTak obnaka TayaKa, ogabup nojegMHauYHUX
Tayaka MM napa uctux (c unbem ogpehumsarba pactojarba namehy ogabpaHumx Tavaka), Kao u
oAabup Tpu TauKe c uMbem ogpehumBarba yrna usmehy tux 1 NOBPLUMHE PaBHM KOjy 3aKnanajy
(Cnuka 5) [14].
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Cnuka 5. PadHu nposop CloudCompare cogpmeepa

Co¢dtBep CloudCompare KopucHuumma omoryhasa ga AMPEKTHO M3A4Boje nojeamMHadyHe 3/
objekTe (McupTaBatbem 2[ noAnnvHMje OKo objeKTa KOjuU u3ABajamo), poTauujy uau
TPaHCNAUMjy jeaHOr WM BULIE CermeHaTa y OAHOCY Ha ocTaTak obnaka Tayaka, ogabup
nojeAMHavYHMX Tadyaka UAKM nap UCTUX (C um/bem ogpehmBaka pactojarba nsmehy ogabpaHumx
Tayaka), Kao u ofabup Tpu Tauke ¢ unbem oapehmsatba yraa usmehy ux 1 NoBpLUMHE PaBHU
KOjy 3aKknanajy [14].

dopmaTn nogp:aHm y CloudCompare copteepy cy BIN, ASCII, PLY, OBJ, VTK, STL, LAS, PCD, FBX,
SHP, PTX (Leica), FLS (Faro), RDB/RDBX (Reigl), OFF mesh (Geomview) [14].

4.4.1. Mjepetre u uptame y CloudCompare

Co¢pTBep CloudCompare npy:ka MoryhHOCTM jegHOCTaBHOr Mjepewa pacTojatba u3mehy
ofabpaHMx TayaKa yHyTap obs1aka Tayaka, NnoBpLluMHe noapyyja namehy Tpu ogabpaHe Tauke
Kao M pacTojarba n3mehy UCTUX, Te pacTojatba M3mehy ABa obaaka Tayaka uam obnaka Tavyaka
n Tpoyrnacte mpexe[14].

3a ogabup nojegmMHadyHMX Tadaka gedpuHucaHa je onunja Point Picking yHyTap rnaBHor meHuja
C KomaHgama Koja omoryhasa oaabup jegHe Tauke 1 NpuKas KoopauHaTta 1 nogataka o 6oju
ofabpaHe Tauke, o4abup ABMje Tauyke M MPUKA3 pacTojatba M3Mehy HbUX Y3 KOOApWHATHE
pasnnke mamehy Tauyaka, ogabup TpuM Tauke M MNpPUKas nosBpliMHe omeheHor nogpydja,
pacTojarba M3mehy Tayaka n MHGOPMaLMja O KOOPAMHATHUM pasiMKama Tavaka (Cnuvka 6).
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Cnuka 6. CloudCompare mjepere (mayvka, Oy#uHa, MospuiuHa)

4.4.2. KnacudpuKauuja

3a kKnacudumkaumjy obnaka tTadyaka y okeupy CloudCompare codpreepa Kopuctu ce goaatak CSF
Filter (Cloth Simulation Filter) koju omoryhasa 6p3y KnacudpuKkauujy Tadyaka Taa 1M Tauyaka Koje
He npunagajy Tay. HasegeHa onumja Hanasm ce yHyTap MHWjE MEHMja Ca KOMaHZama nog
Plugins = CSF Filter. 3a knacudukosare nomohy CSF Filter notpebHo je aeduHucatn TMN
TepeHa (Bp/o CTPM, cpeatbe BperKy/bKacT M MPETeXXHO paBaH) Ha Kojem je obnak Tavaka
CHUMJbEH, LWITO Aa/be yTUYe Ha anropmutam ogabupa Tauyaka T1a M Tayaka Koje He npunagajy tay
TOKOM came KnacuduKkaumje n nogecutn owTpuHy AMT u npar kKnacupuKkauuje (rpaHuUUHy
BPUjeaHOCT BUCUHCKe pa3nnKke namehy Tauke Taa u Tauke Koja He npunaga 1ay) (Caunka 7).

Cnuka 7. KnacugukosaH 061aK mavaka

Y oksupy CloudCompare codTtBepa Kpeuparbe BepTMKa/sHe NpeacTaBe TepeHa Ha OCHOBY
obnaka TayaKa BpLlu ce y3 nomoh Rasterize onuuje n ¢yHuruje Contour Plot. O6nak TayaKa
TpaHbopmMILE ce Yy pacTepcku ¢dopmaTt Te ce 3aTum AedUHUWY M30XMMCce ca 33afaHuUM
ocobuHama. MoKkpeTatbem HaBegeHe OnNuuje oTBapa Ce MarbM PagHW Npo3op raje ce mory
nedbuHUCATU KapaKTepuCTUKe pactepa Koju he O6MTU reHepucaH U BepTUKaNHe npesacTaBe
TepeHa, YK/bydyjyhn noyeTHy BUCUHY M3OXWMMCU, BUCMHCKY pPasanky wusmehy cycjegHux
m3oxmncu u camdHo. Onumja Rasterize npyXa gogatHe apyre moryhHoOCTM nonyT Kpeupakba
ocjeHueHe npeacTtaBe TepeHa (Canka 8).
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CnuKa 8. KpeupaHu moden mepeHa u3 06a1aKa mavyaka

5. 3AK/bYYAK

Obpaga BenmnKe KOMMUYMHE NoAaTaKa, Kao WTo cy obsak TayaKa, 3axTujeBa cneumjainsoBaHa
copTBEpPCKA pjewera Koja Tpeba [a oaroBope Ha 3axTjeBe KOpPUCHMKA. Bpujeme 3a
NpUKyn/bakbe nogataka o0 TepeHy Uan objeKTMma of, MHTepeca 3HavyajHo je CMakbeHo, AOK je
Bpujeme 3a obpagy nogataka nosehaHo. Cam nsbop codreepa y Kom ce nssoam obpaga m
npeseHTauunja nogataka 3aBMCK 04, KOIMUYMHE NOCAA; HAjBaXKHUjU GaKTOp je uunjeHa.

Cloud Compare je 6ecnnatHo copTBEPCKO pjeLlerbe Koje MOKe Aa 04roBopu Ha 3a4aTke Koju
ce NocTaB/bajy Npes, KopucHuke. MNopea GyHKLUMja Koje fonase y OCHOBHOj BEP3UjU (Mjeperbe,
ncupTaBarbe cagaprkaja, mehycobHo nopehere obnaka Tavaka, u3eo3 y CAD popmare), Cloud
Compare nma BenuKkM 6poj AoaaTaka Koje, camu KOPUCHMUM, MOTY 3 Kpeupajy U KacHuje
npuMjerbyjy 3a pjellaBakbe MKeHEepPCKUX 3aaTaka. [NaBHa nNpeaHOCT OBOr pjellerba jecTe
LMjeHa M jelHOCTAaBHOCT, Te Ce UCTMYE KAo MPBM NPOrpam 3a yYere M caB/lajaBatbe TEXHUKA
0bpage obnaka Tayaka Kao becnnaTHo pjelleme.
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MODELI KATASTRA VODOVA U BOSNI | HERCEGOVINI

APSTRAKT

Katastar vodova predstavlja skup podataka o vodovima, stvarnim pravima na vodovima i imaocima tih
prava. Pocetak vodenja ove evidencije u danasnjoj Bosni i Hercegovini (BiH) vezuje se za evidencije
katastra komunalnih uredaja iz perioda nekadasnje Socijalisticke Federativne Republike Jugoslavije (SFRJ)
i Socijalisticke Republike Bosne i Hercegovine (SR BiH). Od tada do danas izdvajaju se dva osnovna tipa
evidencije o vodovima: katastar komunalnih uredaja i katastar vodova. Osnovna razlika izmedu ovih
modela je Sto se kod katastra vodova vodi i evidencija o stvarnim pravima na njima i imaocima tih prava,
Sto nije slucaj kod katastra komunalnih uredaja. U radu je prikazan razvoj katastarskih evidencija o
vodovima u BiH i ukazano na vaZne karakteristike pojedinih modela u Republici Srpskoj (RS), Federaciji
Bosne i Hercegovine (FBiH) i Brcko distriktu Bosne i Hercegovine.

KmoyuHe pujeyu: katastar vodova, katastar komunalnih uredaja, katastar, baza podataka, GIS.

MODELS OF UTILITY CADASTRE IN BOSNIA AND HERZEGOVINA

ABSTRACT

The utility cadastre database is a basic set of data about utilities, property rights pertaining to them and
property rights holders. The beginning of utility cadastre in Bosnia and Herzegovina is referred to cadastre
of communal facilities in the Socialist Federal Republic of Yugoslavia (SFRY) and the Socialist Republic of
Bosnia and Herzegovina (SR BiH). In Bosnia and Herzegovina there are two types of records: utility
cadastre and cadastre of communal facilities. The main difference between these two models is that the
utility cadastre also contains the information about property rights pertaining to them and property rights
holders which is not the case with the cadastre of communal facilities. The paper will give an overview of
utility records in BiH and point out some important characteristics of particular models of utility records
in the Republic of Srpska, Federation of Bosnia and Herzegovina and Brcko district of Bosnia and
Herzegovina.

Key words: utility cadastre, cadastre of communal facilities, cadastre, database, GIS.
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1. UvOD

Katastarski plan vodova jeste dvodimenzionalni prikaz vodova u ravni drZzavne projekcije i ima
ogromnu materijalnu vrijednost. Njegovo postojanje bitno je za sve vrste planiranja, realizacije
urbanistickih rjeSenja naselja, saobracajnica i drugih objekata. Prema Zakonu o premijeru i
Katastru Republike Srpske, (¢lan 49), i Pravilniku o izradi i odrZavanju katastra komunalnih
usluga, (¢lan 3), premjer vodova, nadzemnih i podzemnih, jeste geodetsko mijerenje i
prikupljanje podataka o vodovima i stvarnim pravima na njima [13]. Potrebno je vrsiti
evidenciju svih nadzemnih i podzemnih vodova, kao i postrojenja i uredaja koji im pripadaju, a
za koje je obavezno prikupljanje dozvola (gradevinske i upotrebne dozvole) za sve vrste mreza:
elektroenergetsku, telekomunikacionu, naftovodnu, gasovodnu, drenainu, toplovodnu,
parovodnu, vodovodnu i kanalizacionu [5]. Podaci u katastru vodova prikazuju se graficki,
numericki i opisno.

Republika Srpska ima za cilj izradu Modela podataka katastra vodova koji bi omogucio izradu
jedinstvene baze podataka, i adekvatne aplikacije za manipulaciju nad tim podacima. Za
realizaciju projekta vazna je interakcija podrucnih jedinica Republicke uprave za geodetske i
imovinskopravne poslove, kako bi se osiguralo jedinstveno i sistematsko prikupljanje i
aZuriranje podataka o komunalnim vodovima.

U radu je prikazana istorija razvoja katastra vodova u Bosni i Hercegovini, kako bi se mogle
sagledati moguénosti nadogradnje i dopune postojeceg sistema. Analizirano je stanje katastra
vodova i katastra komunalnih uredaja u FBIH | Brcko Distriktu, kako bi se doslo do uvida u stanje
modela i korake koje je potrebno poduzeti kako bi se, u buduénosti, imao jedinstven i
funkcionalan sistem.

2. KATASTAR VODOVA U BIH

Prvi zakon o katastru komunalnih uredaja u SFRJ donijela je SR Slovenija 1967. godine. Da bi se
obezbijedila tac¢na i pregledna evidencija, u tadasnjoj SR BiH donesen je Zakon o katastru
komunalnih uredaja 1973. godine. Ovim zakonom regulisala se vrsta i obim komunalnih uredaja
koje je potrebno evidentirati, obaveze korisnika i opstinskih organa za geodetske poslove na
izradi katastra komunalnih uredaja, kao i obaveze Republicke geodetske uprave [7].

U dokumentima iz 1977. godine navodi se da na prostoru BiH nije postojala jedinstvena
evidencija o vodovima u pogledu njihovog medusobnog polozaja u prostoru. Organizacije
udruzenog rada vodile su evidenciju za svoje potrebe, ne vodedi racuna o postojec¢im vodovima
ostalih korisnika koji su se nalazili u prostoru. Tada, ne samo u velikim gradovima, nego i manjim
sredinama, uvida se znacaj katastra vodova i rjeSavanja ovog problema. S obzirom na Cinjenicu
da je od velikog interesa svake drustveno-politicke zajednice osiguranje nesmetanog
funkcionisanja svih elemenata infrastrukture i planskog uredenja prostora, ciji su sastavni dio i
podaci o prostoru i katastru vodova, uredaja i objekata, u tadasnjoj SR BiH donesen je Zakon o
katastru komunalnih uredaja. Ovaj Zakon nije pretrpio bitne izmjene u odnosu na onaj donesen
1973. godine. Izmjene su se odnosile na usaglasavanje sa terminologijom novog Ustava i
ispravljanje tehnickih gresaka.

Ovim zakonom regulisana su prava i obaveze izmedu korisnika komunalnih uredaja i opstina pri
uspostavljanju jedinstvenog katastra komunalnih uredaja i odreden je rok od pet godina za
uspostavu tog katastra.
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Izrada katastra komunalnih uredaja vrsena je u sljedeé¢im fazama:
= preuzimanje podatka o komunalnim uredajima od korisnika;

= donosSenje Programa izrade katastra komunalnih uredaja;

= priprema geodetskih podloga za katastar komunalnih uredaja;
= geodetsko snimanje komunalnih uredaja;

= kartiranje komunalnih uredaja, i

= jzrada katastarskog operata komunalnih uredaja [8].

Direktor Republicke geodetske uprave SR Bosne i Hercegovine donio je Pravilnik o izradi i
odrzavanju katastra komunalnih uredaja, na osnovu ¢lana 38. Zakona o katastru komunalnih
uredaja [4]. U skladu sa ovim Pravilnikom, komunalnim uredajima smatraju se:

= vodovodna mreiZa;

= kanalizaciona mreza;

= elektroenergetska mreza i mreza elektri¢nih vodova za potrebe saobradaja;
= toplovodna i parovodna mreza;

= telekomunikaciona mreza;

= gasovodna mreia;

= naftovodna mreia;

= sonovodna mreza i drenazna mreZa sa pripadajuc¢im objektima;

= tuneli, skloniSta, podzemni prolazi, garaze i slicno [4].

Katastar komunalnih uredaja je potrebno izradivati na nivou opStine. Skupstina opstine ili grada

usvaja program za izradu katastra. Programom se definisu:

= pripremni radovi (otkrivanje i geodetsko snimanje komunalnih uredaja i izrada planova i
elaborata komunalnih uredaja)

= obim poslova i dinamika izrade;

= odrzavanje katastra (prikupljanje i obrada podataka o promjenama; provodenje promjena
na planovima i elaboratima; obim poslova)

= nacin vodenja evidencije katastra;

= obaveze korisnika za izradu i odrzavanje katastra;

= nadleZnost, zadaci i organizacija sluzbe za katastar komunalnih uredaja;

= troskoviizrade i odrzavanja.

Prije poCetka snimanja potrebno je prikupiti postoje¢u dokumentaciju o izgradenim uredajima

koji se nalaze kod korisnika kako bi se ocjenila njihova upotrebljivost. Ako se utvrdi

upotrebljivost navedene dokumentacije, ona se kartira na skicama snimanja i planovima

komunalnih uredaja odgovaraju¢im oznakama. Prilikom izrade katastra komunalnih uredaja

koriste se:

= zaizgradena poducja planovi 1:500i 1:1 000; i

= za neizgradena podrucja 1:2 500, 1:5 000, karte 1:5 000 ili 1:10 000.

Na postojeéim planovima i topografskim kartama razmjere 1:2 500 ili 1:5 000 pedstavljaju se
komunalni uredaji i vodovi za gradska podrucja, dok se komunalni uredaji i vodovi za
vangradska podrucja predstavljaju na postoje¢im planovima i topografskim kartama razmjere
1:10 000 ili 1:25 000.
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Otkrivanje postojecih podzemnih uredaja vrsi se tragacem ili otkopavanjem. Kao i svaki drugi
instrument, i njega je potrebno ispitati prije upotrebe i rezultate ispitivanja upisati u
odgovarajudi zapisnik. Cjevasti vodovi se pronalaze na osnovu pripadajucih objekata koji se
nalaze na povsini, dok se kablovski vod pronalazi preko kablovskih okana i drugih pripadajucih
objekata. Tacke podzemnog voda se obiljeZzavaju na povrSini na mjestima preloma u
horizontalnom i vertikalnom pogledu, i to koristenjem privremenih ili trajnih biljega.

Snimanje se vrSi sa postojece trigonometrijske, poligonometrijske, poligone, linijske i
nivelmanske mreZe i prema vazeéim propisima o premjeru zemljista. Na geodetskom planu i
skicama snimanja, trase vodova se predstavljaju linijom debljine 0,2 mm, u odgovarajucoj boji
voda.

Podzemni vodovi se iscrtavaju punom, a nadzemni isprekidanom linijom. Vodovi i podzemni
objekti iscrtavaju se u odgovarajuéoj boji debljine 0,5 mm. Vodovi se numeriSu na skicama
snimanja i grafickim pregledima od 1 do n arapskim brojevima. Kote odredene nivelmanom
ispisuju se do na centimetar, a kote odredene tahimetrijom i tragaCem na decimetar.

Elaborat komunalnih uredaja sastoji se od:

= geodetskog plana komunalnih uredaja;

= grafickog pregleda komunalnih uredaja; i

= popisa komunalnih uredaja sa pripadajuéim objektima po vrstama uredaja.

Odrzavanje katastra komunalnih uredaja podrazumijeva utvrdivanje i provodenje nastalih
promjena. Napusteni vodovi se precrtavaju sa planova s dvije okomite crvene linije na pruzanje
voda, dok se uklonjeni poniStavaju kruziéem crvene boje.

U nastavku ce biti opisani sistemi komunalnih uredaja u Republici Srpskoj i Bosni i Hercegovini.
JP ,Komunalno Brcko” je geografski informacioni sistem komunalnih uredaja (GIS) u Brcko
Distriktu BiH u kojem se sinhronizuju, pamte i mijenjaju podaci o postoje¢im komunalnim
mrezama i pratecoj infrastrukturi. Digitalni katastar nastao je digitalizacijom crteza preuzetih
od Odjeljenja za javni registar Brcko Distrikta BiH, preuzetih geodetskih podataka u papirnoj
formi i naknadnim snimanjem komunalnih uredaja [2].

3. KATASTAR VODOVA U REPUBLICI SRPSKOJ

U Republici Srpskoj katastar vodova regulisan je Zakonom o premjeru i katastru Republike
Srpske [13]. Na osnovu tog zakona katastar vodova definiSe se kao osnovni registar o vodovima,
stvarnim pravima na njima i imaocima tih prava [13].

Elaborat premjera vodova, zbirka isprava i baza podataka katastra vodova su osnovni dijelovi
katastra vodova.

Dokumenta kojima raspolazu nadlezne republicke sluzbe, pravna i fizicka lica, a koja su nastala
prilikom projektovanja i osnivanja premjera vodova, ¢ine elaborat premjera vodova.

Zbirka isprava je skup isprava na osnovu kojih se izvrsavaju upisi i brisanje prava na vodovima.

Bazu podataka katastra komunalnih uredaja Cine svi podaci koji se odnose na vodove, stvarna
prava na tim vodovima, kao i imaocima prava [13].

Sadrzaj, nacin izrade, odrzavanje, ¢uvanje i razmjenu podataka katastra vodova propisuje
Uprava, dok poslove upisa u katastar vodova obavlja podrucna jedinica ili kancelarija Uprave.
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U Republici Srpskoj na snazi je i Pravilnik o nadinu osnivanja i odrzavanja katastra vodova.
Pravilnikom se definiSu nacini i metode premijera, osnivanja i odrzavanja katastra vodova [5].

Bazu podatka predstavlja podsistem geoinformacionog sistema Republike Srpske, i ¢ine je:
geoprostorni i drugi podaci o vodovima, stvarna prava na njima, nosioci stvarnih prava i
zabiljezbe na vodovima.

Na osnovu glavnog projekta, koji se izraduje u skladu sa projektnim zadatkom, vrsi se
definisanje premjera i osnivanje katastra vodova. On se moZe izraditi za jednu ili viSe vrsta
vodova. Formiranju glavnog projekta prethode pripremni radovi koji obuhvataju analizu
postoje¢e dokumentacije o vodovima i ocjenu njihove upotrebljivosti. Glavni projekat bi se
trebao sastojati od sljedecih stavki:

= koncepcije radova;

= propisane tacnosti za odredena podrudja;

= kontrole kvaliteta radova i ostvarenja projektovane tacnosti;

= metode mjerenja;

= geodetkih referentnih tacaka i

= nacina prikupljanja podataka o vodovima [5].

Nacin otkrivanja podzemnih vodova identi¢an je onom propisanom 1978. godine, s dodatnim
uslovom koji se odnosi na ispravnost tragaca. Tragac se svake druge godine ispituje u ovlastenoj
laboratoriji i treba zadovoljiti odgovarajuce uslove kako bi se za njega mogla izdati potvrda da
je u ispravnom stanju [5]. Elementi koji se mjere prilikom premjera vodova po pojedinac¢nim
mrezama poklapaju se sa onim koji su propisani i prvim pravilnikom. Pravilnikom se definisu i
standardne devijacije polozaja detaljnih tacaka kod premjera vodova koji za horizontalni
polozaj u zavisnosti od podrucja snimanja trebaju biti manja od 10 cm u gradevinskim
podrucjima, i manja od 20 cm u vangradevinskim podrucjima. Za vertikalni polozaj maksimalna
standardna devijacija zavisi od vrste mreze i maksimalna je 5 cm za kanalizacionu mrezu, dok je
za ostale mreze maksimalno 10 cm.

Kontrola se vrsi na osnovu kontrolnih tacaka koje se biraju na svakih dvadeset ravhomjerno
rasporedenih detaljnih tacaka. Kontrolne tacke se odreduju na osnovu permanentnih stanica
RS ili referentne mreze RS i razlika izmedu njih i tacaka dobijenih u premjeru vodova ne smije
prelaziti dvostruku vrijednost standardne devijacije. U Pravilniku je naveden nacin na koji se
vrsi kontrola mjerenja linijskih vodova.

Prilikom premjera vodova potrebno je da se prikupljaju i podaci o stvarnim pravima i nosiocima
tih prava. Podaci se prikupljaju na osnovu isprava koje posjeduju investitori voda, odnosno lica
na Ciji zahtjev se i vrsi premjer odgovarajuceg voda.

3.1. OSNIVANJE KATASTRA VODOVA

Katstar vodova osniva se na osnovu podataka:
= o vodovima iz sluzbene evidencije Uprave;

= premjera vodova.

Nakon Sto se izvrsi upisivanje bar jednog voda u opstini ili gradu, smatra se da je izvrSeno
osnivanje katastra vodova. Upis se vrsi na osnovu elaborata mjerenja voda, plana voda i registra
voda. Plan voda moZe biti u analognom ili digitalnom obliku. Baza podataka katastra voda
sastoji se, samim tim, od katastarskog plana voda i lista voda.
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Katastarski plan sadrzi podatke o linijskim vodovima zajedno sa pripadaju¢im objektima,
katastarskom broju voda, karakteristicnim podacima, granicama katastarskih opstina, parcela,
nazivima ulica, odnosno potesa i ku¢nim brojevima. Broj voda krece se od 1 do n, u zavisnosti
od redoslijeda upisa.

List voda sastoji se od:

= katastarskog broja voda;

= imena grada ili opstine;

= yrsta voda;

® naziva voda (iz projektne dokumentacije, odnosno upotrebne dozvole);

= osnovnih karakteristi¢nih podataka o vodu;

= duzine voda;

® naziva, odnosno imena i prezimena i adrese nosioca prava svojine na vodu;
= obimapravai

= drugih stvarnih prava i zabiljezbi o vodu.

3.2. STANJE KATASTRA VODOVA U REPUBLICI SRPSKOJ

Na osnovu srednjoro¢nog Programa premjera i uspostavljanja katastra nepokretnosti za period
od 2016. do 2020. godine evidentno je da je, uprkos postoje¢em zakonu i pravilniku o katastru
komunalnih vodova, Republika Srpska daleko od njegove realzicije u praksi. Na osnovu
podataka programa Republike Srpske izgradeno je ukupno oko 22.538 km svih podzemnih
vodova, od toga je geodetski snimljeno oko 13.927 km, a kartirano svega 1.385 km komunalnih
uredaja (Slika 1).

22538
13927
1385
UKUPAN BROJ SNIMLIENO KARTIRANO
IZGRABPENIH
VODOVA

Slika 1: Graficki prikaz stanja katastarskih vodova u Republici Srpskoj [9]

Analiziranjem opstina u Republici Srpskoj ustanovljeno je da je u 13 opstina (Banjaluci, Bijeljini,
Gradisci, Doboju, Isto¢noj llidzi, Zvorniku, Kozarskoj Dubici, Kotor Varo$u, Palama, Trebinju,
Ugljeviku, Foti i Celincu) vréeno kartiranje jednog broja snimljenih objekata; u ostalih pedeset
opstina nije zavrseno kartiranje nijednog snimljenog elaborata komunalnog voda.

U Banjaluci je vrSeno kartiranje komunalnih uredaja i to do 2015. Godinei stanje je prikazano u
tabeli 1.
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Tabela 1: Prikaz stanja komunalnih vodova u Banjaluci prema podacima iz srednjorocnog Programa premjera i
uspostavljanja katastra nepokretnosti za period od 2016. do 2020. godine [9]

Stanje komunalnih vodova Ukupno
Izgradeno 2127
Snimljeno 2127
Kartirano 415

U maju 2019. godine Republi¢ka uprava za geodetske i imovinskopravne poslove objavila je
radnu verziju Pravilnika o premjeru Republike Srpske. Na osnovu pravilnika definise se nacin
premjera vodova. Clanom 26. opisuje se nacdin na koji je potrebno postupati sa elaboratima
vodova. Izvodac je duzan da preda zahtjev za pregled elaborata geodetskih radova u nadleznu
podruénu jedinicu, koja vrsi njegov pregled. U slu¢aju da nadlezna podru¢na jedinica nema
zaposlenog inZenjera geodezije, zahtjev je potrebno proslijediti Upravi, koja je duzna da u
podrucnu jedinicu posalje ovlasteno lice. Elaborat vodova sadrzi:

= prijavu o pocetku izvodenja geodetskih radova;

= zapisnik o prac¢enju izvodenja geodetskih radova;

= zahtjev za pregled elaborata geodetskih radova;

= elaborat geodetskih radova (elaborat se sastoji od: skice mjerenja vodova i dopunske skice
mjerenja vodova u propisanom formatu, zapisnika mjerenja, ako podaci mjerenja nisu
automatski registrovani i podataka mjerenja u propisanom formatu);

= podatke o stvarnim pravima na vodovimaiili izjavu (konstataciju) izvodaca radova da podaci
0 nosiocu prava nisu pribavljeni;

= dokaze o svim izmirenim finansijskim obavezama;

= zapisnik o pregledu elaborata geodetskih radova; i

= potvrdu o prijemu elaborata.

Nakon sto je elaborat primljen od strane nadlezne podrucne jedinice ili Uprave, potrebno je da

se sastavi Zapisnik o pregledu elaborata geodetskih radova i izda potvrda o prijemu elaborata

[6].

Elaborat snimanja katastra vodova u praksi, sastojao se od sljede¢e dokumentacije:

= Tehnickog izvjestaja;

= Opste dokumentacije (Licenca za rad; Licenca za koriStene softverske pakete; Certifikati o
verifikaciji koristenih uredaja)

=  Geodetske osnove;

= Spiska koordinata detaljnih tacaka;

= Rekapitulacije duZina vodova;

= Skice snimanja;

= Skice okna — komore.

Izgled skice snimanja prikazan je na slici 2:
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Slika 2: Skica snimanja kanalizacione mreZe u opstini Vukosavlje

4. KATASTAR KOMUNALNIH UREDAIJA U FEDERACHI BOSNE | HERCEGOVINE

U Federaciji Bosne i Hercegovine primjenjuje se Zakon o katastru komunalnih uredaja i
Pravilinik o izradi i odrzavanju katastra komunalnih uredaja iz 1978. godine. Prema zakonu,
katastar komunalnih uredaja predstavlja skup tehnicke dokumentacije o nadzemnim i
podzemnim komunalnim uredajima [12].

Zakonom se definiSe da su opstine nadlezne za izradu i odrZavanje katastra komunalnih
uredaja. U opStinama trebaju biti zaposleni geodetski inZzenjeri sa polozenim stru¢nim ispitom
koji ¢e vrsiti poslove vezane za katastar komunalnih uredaja [12]. Troskove njegove izrade i
odrZavanja snosi opstina, a troskove snimanja snose korisnici komunalnih uredaja. Nadzor nad
geodetskim snimanjem komunalnih uredaja vrsi nadlezni opstinski organ Uprave [10]. Zakonom
je definisan rok od trideset dana za predaju elaborata snimanja komunalnih uredaja nadleznim
opstinskim organima Uprave [12].

Korisnici komunalnih uredaja obavezni su da prijave nadleznom opstinskom organu uprave
svaku promjenu koja nastaje prilikom izgradnje novog uredaja, rekonstrukcije ili napustanja i
to u roku od trideset dana od dana nastale promjene.

Zakonom se definiSe vremenski rok od pet godina za izradu katastra komunalnih uredaja od
dana njegovog stupanja na snagu. Program na osnovu kog se izraduje katastar komunalnih
uredaja donosi skupstina opstine [12].

U Federaciji Bosne i Hercegovine digitalni katastar komunalnih uredaja uspostavljen je u
gradovima Cazin, Gorazde i u Kantonu Sarajevo.

Katastar komunalnih uredaja na podrucju Sarajeva formiran je u periodu od 1975. do 1990.
godine. Izrada katastra komunalnih uredaja izvrSena je na osnovu Programa izrade katastra za
Sest opstina (Stari Grad, Centar, Novo Sarajevo, Novi Grad, llidZza i Vogosca) i tri prigradske
(Hadzici, llijas i Trnovo). Analogni katastar je postojao na jedinstvenoj cjelini podrucja Kantona.

Digitalni katastarski plan je projekat koji je nastao 2002. godine sa ciliem modernizacije i
poboljSanja postojeéeg Katastra komunalnih uredaja (KKU). Projekat je realizovan od strane
Zavoda za izgradnju Kantona Sarajevo. Za prevodenje analognog plana katastra komunalnih
uredaja u digitalni oblik koris¢en je programirani AutoCAD modul ,Zikdig”, koji moze da
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zadovolji zahtjeve digitalnog katastra komunalnih uredaja. Modul , Zikdig” poceo se koristiti
2007. godine za digitalizaciju katastra komunalnih uredaja. Takode, razvijen je i web-baziran
softver ,WebZikdig” koji se oslanja na Autodesk MapGuide 6.5 i Oracle bazu podaataka, kao i
na modul ,,Zikdig” [1]. Na osnovu njega korisnici su u moguénosti da dobijaju podatke putem
Interneta.

Konacan rezultat ovog projekta jeste rjeSenje u svjetskim propisima — OpenGis standardima.
Na osnovu njih definisana su:

= softverska rjesenja (Autodesk);

® baza podataka (Oracle 9.2);

= skeniranje i georeferenciranje planova:

= digitalni topografski klju¢ za simbol elemente u katastru;

= digitalizacija (iscrtavanje) katastra;

= sadrzajiizgled baze podataka;

= obimiraslojavanje podataka; i

= druga specifi¢na rjeSenja [1].

Zahvaljujuci gore navedenom razvijena je jedna moderna programska aplikacija koja je bazirana
na klijent/server principu i koja omogucava krajnjem korisniku svakodnevna aZuriranja

podataka o elaboratima katastra komunalnih uredaja. Aplikacija nudi moguénosti dobijanja
raznih izvjeStaja i informacija o vodovima. lzvjestaj se dobija u relanom periodu [1].

Odrzavanje katastra komunalnih uredaja u Kantonu Sarajevo vrsi Zavod za izgradnju Kantona
Sarajevo, Sektor za katastar komunalnih uredaja. Isjecak iz skice snimanja na osnovu koje se u
Zavodu vrsi kartiranje, nakon pregleda i provjere dostavljenih podataka prikazan je na slici 3:
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Slika 3: Skica snimanja elektromreZe u opstini llijas

Na osnovu Trogodisnjeg plana rada od 2019. do 2021. godine Federalna geodetska uprava ima
u planu osiguranje jednoobraznog i sistematskog prikupljanja i upravljanja azurnim i pouzdanim
podacima katastra komunalnih uredaja i topografskim podacima. Neophodno je izraditi
odgovarajuce pravne propise, modele podataka i ostalu tehnicku dokumentaciju kako bi se
sistematski i standardizovano vrsilo prikupljanje, obrada, odrZavanje, razmjena i distribucija,
arhiviranje i cuvanje podataka.

Godine 2013. izraden je Model podataka katastra komunalnih uredaja FBiH. Katalog objekata
izraden je u skladu sa internacionalnim standardom ISO 19110:2005 (Geographic Information
— Methodology for feature cataloguing). Na osnovu ISO 19110:2005, nazivi tipova objekata
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klasa (engl. feature types) i atributi specifikovani su prirodnim jezikom [3]. Svaki podatak se
definisSe prirodnim jezikom i ukljuCuje tip podatka — domenu vrijednosti atributa. Katalog
objekata sadrZzi obavezne geoprostorne objektne klase — dakle, one klase koje imaju
geoprostorni (geometrijski) kontekst/atribut i koje su obavezne [3]. Identifikator objekata
sastoji se od prostora imena i lokalnog identifikatora. Na slici 4 prikazana je jedna od klasa za
kanalizacijsku mrezu.

Klasa: KanalizacijaLink

Podtip od: MrezaKKULink

Stereotip: <<featureType>>
inspirelD : Identifier 1
pocetakZivotnogVijekaVerzije : DateTime 1
krajZivotnogVijekaVerzije : DateTime 0.1

Uloga u vezi uMrezi : MrezaKomunalnihUredjaja 1

Uloga u vezi pocetniCvor : KanalizacijaCvor 1

Uloga u vezi krajnjiCvor : KanalizacijaCvor 1
oznaka : CharacterString 0.1
imaginaran : Boolean 1
tip : TipKanalizacijskogLinka 1
validFrom : DateTime 1
validTo : DateTime 0.1
izvorGeometrije : TiplzvorGeometrije 1
skica : Integer 1
datumSnimanja : Date 1
nacinOtkrivanja : TipNacinOtkrivanja 0.1
materijal : tipMaterijalKanalizacija 0.1
l:enlaninijeGenmelrlja : GM Curve 1

Vemm | ool

Slika 4: Prikaz klase KanalizijaLink [3]

Za grad Cazin izradena je baza podataka katastra komunalnih uredaja na osnovu Modela
podataka katastra komunalnih uredaja. Takode, za potrebe katastra komunalnih uredaja
izradena je odgovarajuca aplikacija. Aplikacija omogucava pregled svih komunalnih uredaja u
gradu Cazinu. Zasnovana je na Oracle bazi. Omogudava izrade kopija planova, unos novih
elaborata i vrSenje promjena. Aplikacija prikazuje atributne podatke klasa katastra komunalnih
uredaja. Unutar aplikacije prikazan je i sadrzaj BPKN-a, pa je tako mogu¢ uvid u sve katastarske
opstine, parcele i objekte na parcelama. Unos novih vodova se vrsi na osnovu csv fajla koji sadrzi
X, Yy koordinate, kotu terena i kotu voda.

Sljedeci korak Federalne geodetske uprave jeste izrada softvera za katastar komunalnih uredaja
koji ¢e biti implementiran u sve opstinske sluzbe nadleine za geodetske poslove i katastar
komunalnih uredaja u Federaciji Bosne i Hercegovine [11].

5. ZAKLUUCAK

Katastar komunalnih uredaja u BiH predstavlja nasljede iz vremena bivse SR BiH. Zakon i
pravilnici imaju odredene nedostatake u pogledu savremenih tehologija i potreba korisnika
podataka o vodovima. U pravnom smislu, Republika Srpska izvsila je izmjene propisa, ali
potrebno je uloziti dodatne napore u praksi u cilju ostvarivanja napretka u evidentiranju
vodova.

U Federaciji Bosne i Hercegovine je, u cilju unapredivanja katastra komunalnih uredaja, ucinjen
napredak u prakticnom smislu usvajanjem Modela podataka katastra komunalnih uredaja, kako
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bi se napravila jedinstvena baza i samim tim izvSilo objedinjavanje evidencije katastra
komunalnih uredaja. Takode, razvijene su aplikacije koje omogucavaju rad sa bazom katastra
komunalnih uredajima i koje imaju mogucnost unosa novih elaborata i provodenje promjena.

lako oba entiteta i Brcko Distrikt BiH ulazu velike napore kako bi unaprijedili katastar
komunalnih uredaja, odnosno katastar vodova, i dalje postoje veliki nedostaci i predstoje velika
ekonomska i ljudska ulaganja kako bi se ovaj sektor postavio na visi nivo.
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APSTRAKT

Predmet istraZivanja u okviru ovog rada su integrisane Zicne i beZicne komunikacione tehnologije u
procesnoj industriji, sa ciljem da se bude ukorak sa svjetskim trendovima u ovoj oblasti, a odnose se na
sljedece aktivnosti. Prvo ¢e biti dat kratak pregled istorijskog razvoja i bi¢e opisane tehnicke karakteristike
industrijskih protokola koji imaju najveéu primjenu u industrijskim komunikacionim mrezama. Zatim ce
biti opisane neophodne faze za integrisanje beZi¢ne tehnologije unutar postojeceg postrojenja sa vec
instaliranim Zi¢anim uredajima. Na kraju ovog rada bice predloZena integracija beZi¢nih tehnologija u
realizaciji industrijskih komunikacionih mreza, a koja ¢e biti verifikovana analizom dobijenih rezultata u
studiji opravdanosti za uvodenje modela integrisane mreZze u realnom postrojenju u rafineriji Se¢era u
Brékom

Kljucne rijeci: procesna industrija, automatizovani industrijski sistemi, fieldbus protokoli, WirelessHART
protocol

WIRED/WIRELESS COMMUNICATION NETWORK MODEL IN BUILDING
ENVIRONMENT: CASE-STUDY OF BRCKO SUGAR REFINERY

ABSTRACT

The subject of the research within the scope of this paper is integrated wired and wireless communication
technologies in the process industry, with the aim of keeping up with the world trends in this field, and
refers to the following activities. First, a brief overview of the historical development will be provided and
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the technical characteristics of the industrial protocols that have the greatest application in industrial
communication networks will be described. Then, necessary steps to integrate wireless technology within
an existing facility with wired devices already installed will be presented. At the end of this paper, the
integration of wireless technologies in implementing industrial communication networks will be
proposed, which will be verified by analysing the results obtained in a feasibility study for introducing an
integrated network model in a real facility in a sugar refinery in Brcko.

Keywords: process industry, automated industrial systems, fieldbus protocols, WirelessHART protocol

1. INTRODUCTION

Modern control systems in the process industry are increasingly using wireless data
transmission to send out information from a sensor located directly at the site of process to the
central control unit. There are numerous reasons for such an approach. The most common
reason for choosing a wireless industrial communication network is the cost of installation since
eliminating or significantly reducing cable usage means great savings in cable and installation
work. In other words, the cost of new installation, maintenance and repair is lower than the
corresponding cost for cable solutions, and thus wireless technology opens up a completely
new field of application in terms of how measured process data is transmitted. Costs in wired
networks can be even higher if there is a need to expand existing infrastructure in order to
include additional measurements, while adding new measurement locations in wireless
networks represents low costs and greatly reduces the economic barrier that exists in wired
networks.

For the last few years, several of the world's leading manufacturers of process measuring
equipment have focused on addressing these and other problems in industrial wireless
networks [1, 2]. The result is the integration of wired and wireless communication technology
based on the HART protocol, which can lead to significant cost reductions in manufacturing
processes [3]. That is, when these technologies are integrated, they need to provide almost
unlimited opportunities that range from monitoring and diagnostics of devices to controlling
production processes.

2. DEVELOPMENT OF THE FIELDBUS PROTOCOL

Complex automated industrial systems usually require hierarchical control organisation as in
Figure 1.

092-105 | 93



092-105 | 94

M. Kostadinovi¢ et al Wired/Wireless Communication Network Model in Building... [8] 2020 8[1] ACEG+

Management,
Marketing, Flanning

Efhemet

PC Contral
=
Ethemnet (Fieldbus)
mw o4 Visualisation
Fieldbus (Ethemet)

I
Measuring Technology / Sensors [ Actuators [ Controllers

Figure 1. Pyramid of control organisation

Typically, the user interface is at the top of this hierarchy, where an operator can monitor or
control the system. It is linked to the intermediate layer, consisting of the PLCs (Programmable
Logic Controllers), via a non-time critical communication system, i.e. by Ethernet. At the bottom
of the control chain is the Fieldbus that links the PLCs to executable components, such as,
actuators, motors, etc. [4].

2.1. TECHNICAL FEATURES OF THE FIELDBUS PROTOCOL

Fieldbus technology provides improved quality, reduced costs and increased system efficiency
[5]. These capabilities of fieldbus technology come partly from the fact that information
received or transmitted by the device can be sent out digitally. Each device has a built-in
processor unit, making it a "smart device" and capable of performing independently simple
functions, such as maintenance and diagnostics [6]. As a result, it is possible to receive
information if the device is defective or requires manual calibration. It increases the efficiency
of the system and reduces requirements for system maintenance. The main advantage of
implementing a fieldbus compared to the 4-20 mA standard is associated with reduced wiring
since multiple devices share a wire pair in network communication. The disadvantages of using
a fieldbus compared to the 4-20 mA standard are:

= Fieldbus systems are more complex, so the user has to be more qualified.

= The price of fieldbus components is higher.

One of the significant features of the fieldbus protocol is that it only includes three or four
layers of OSI (Open Systems Interconnection) models, as shown in Figure 2:

= Physical Layer: Defines the communication medium and can be considered a replacement
for the 4-20 mA standard.

= Data Link Layer: Defines communication between devices and fault detection.
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= Application Layer: Designs messages so that each device on the network can understand

them, serves them to process control, and forwards them to the user layer.

= User Layer: Connects individual parts and ensures an environment for applications.

Fieldbus model

User Application
[zender]

User Application
[receiver)

User Application
[zender)

User Application
[receiver)

|Application Layer

Presentation
Layer

Application Layer

Session Layer

Presentation
Layer

Transport Layer

Session Layer

Data Link Layer

Transport Layer

Application Layer

Physical Layer

Data Link Layer

Data Link Layer

Application Layer

Physical Layer

Physical Layer

Data Link Layer

The advantage of fieldbus is that a user does not have to worry about the data link layer and

Physical Layer

Figure 2. OSI Reference Model and Fieldbus Model

the application layer, i.e. they only have to worry about the physical and user layer [1]

In the following, the focus is on fieldbus protocols that are most widely used in industrial

communication networks, and they are:
= FF H1 (Foundation Fieldbus High1)

= FF HSE (High Speed Ethernet)

= Profibus PA (Process Automation)

=  ProfiNet

= Profibus DP (Decentralised Peripherals)

= Modbus

= HART (Highway Addressable Remote Transducer)

For the listed protocols in Table 1, technical characteristics are shown by layers.
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Table 1. Technical characteristics of protocols by layers [7]

DATA LINK
Fieldbus PHYSICAL LAYER LAYER APPLICATION LAYER
Protocols Comm. Mammum Error . Standards Data transfer
speed distance detection
1.9 km IEC 61158, ISA | Al, AO, DI, DO,
FF H1 31.25 kbs 9'5 km‘ 16-bit CRC SP50, IEC PID, PD, CS,
’ 61804 MIO
Profibus | 51 o5 kps | 22 km 16-bit CRC IEC 61158 Al, AO, DI, DO
PA 9.5 km
FF HSE iOGObIZ/Ibs, 100 m 16-bit CRC IEC 61158 Same as H1
ProfiNet iogb';/'bs' 100 m 16-bit CRC IEC 61158 Same as DP
9.6 kbs, . .
Modbus 12 Mbs 1512 m 1-bit IEC 61158 Registers
Profibus 9.6 kbs, .
PA 12 Mbs 1512 m 1-bit IEC 61158 Al, AO, DI, DO
HART iogb';/'bs' 3km CRC IEC 61158 Commands

3. WIRELESS COMMUNICATION PROTOCOLS IN THE PROCESS INDUSTRY

WMN (Wireless Mesh Network) and communication protocols are being actively explored to
find new applications and possibilities of their use. Standardisation is very important for the
commercial use of these networks and for interoperability among different network equipment
manufacturers. New specifications for wireless networks are under development by various
standardisation groups such as the IEEE (Institute of Electrical and Electronics Engineers), where
the IEEE 802.11 group is working on standardisation of WLAN (Wireless Local Area Network)
and the IEEE 802.15.4. group is working on standardisation of wireless networks that use the
capabilities of Mesh networks [8, 9, 10, 11, 12].

The IEEE 802.15.4 standard defines the physical and MAC (Media Access Control) layer for the
needs to implement low-speed wireless networks. One of the goals of developing the standard
was to network a large number of sensors in industrial applications, using devices with
significantly lower prices and less power consumption [13, 14].

Those devices are mainly battery-powered, where the low data transfer bit rate, low price and
long battery life are the basic design requirements that need to be fulfilled. Based on the IEEE
802.15.4., several industrial protocols have been developed, and the WirelessHART protocol is
commercially the most applicable [15].

3.1. WIRELESSHART

The WirelessHART protocol is compatible with existing HART devices and applications. It is cost-
effective and has a rational approach to wireless communication, supporting the industrial
demands for simple, reliable and secure wireless communication technology [16, 17].

The WirelessHART protocol is organised as an I1SO/0SI 7 communication model that supports
four OSlI layers [18]:
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Physical Layer,
Data Link Layer,
Network Layer and

Application Layer.

It meets the necessary communication requirements for compatible equipment to support, i.e.
ensure interoperability, so that all types of wireless devices of other manufacturers can be
replaced without disrupting network performance or system performance [19,20].

The WirelessHART protocol is controlled at a relatively low data transfer rate compared to the
IEEE 802.11b standard for computer wireless networks and operates at a frequency of 2.4 GHz
in the ISM (Industrial Scientific and Medical) radio band [21, 22]. The basic attributes of the
WirelessHART protocol are shown in Table 2.

Table 2. WirelessHART protocol attributes

Attributes Description

Wireless standard IEEE 802.15.4-2006

250 kbps
Frequency 2.4 GHz
Distance Up to 200 m on a directly visible pathway
Charging Battery or solar power
Number of devices No limit is defined

HART — IEC 61158

EDDL - IEC 61804-3
Radio & MAC

IEEE 802.15.4. (TM)-2006

Based on industrial standard

4. OBJECTIVES

The main objective of introducing an integrated wired/wireless network model is the new
architecture of communication networks in the process industry, which are accompanied by
appropriate features, such as:

Each network device, i.e. node, acts as a router.

Almost all network devices are static.

New radio technology, such as multi-channels, is used.

Gateway is used to link devices in a network and enable communication among them.
Network generally represents a combination of wireless and wired devices.

WMN is a self-configuring and self-organising network.

These networks are considered to be one type of Ad-Hoc Networks where nodes are static, but
they are also wireless sensor networks where nodes contain one or more sensors and act as
routers [23, 24, 25].
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Wireless technologies for most applications in the process industry offer a wide range of

solutions that provide a higher return on investment, such as [26, 27]:

= Remote applications. When the devices used are kilometres away from the place of data
usage, cabling is impractical. Wireless technology offers a more practical solution, for
example, using wireless technology, existing communication networks can be utilized to
transfer data from such remote devices.

= Applications near facilities. The devices for obtaining necessary data are not very far from
the place of data usage, but there are obstacles, such as: rivers, highways, railways, etc.,
which can make cabling impractical. It is especially the case for hard-to-reach locations
within facilities, e.g. tanks. Wireless technology can easily link tanks to a control room or
any other location within the facility, so the process control function can be realized.

= Applications within facilities. Although communication distances within facilities are
relatively small, wireless technology, i.e. wireless Mesh networks are often preferred due
to the high cost of wiring devices. Since they are easy to install and expand, such wireless
networks reduce the cost of adding new measuring devices.

5. SOFTWARE TOOLS

Emerson's I/0 on Demand Calculator has been used to calculate labour costs, install devices,
set up electrical installations, install cable guideways, etc. It provides flexibility with installed
devices in a facility, containing the following options:

= wired device connection,
=  Foundation Fieldbus,
= wireless device connection,

= Electronic Marshalling (an innovative solution for connecting devices within a facility to
Emerson's DCS (Distributed Control System) DeltaV system).

Using the I/O on Demand Calculator, it is possible to determine the best type of device and the
best installation method for each network integration situation. Some of the key calculation
factors are:

= the average distance from devices to the control room,

= the percentage of devices that can be installed using the wireless technology and Electronic
Marshalling

There are two distances as an analysis factor of integration costs:

= distance, i.e. cable length from the control room to the junction box, and

= distance from the junction box to the installed device in the facility.

A feasibility study for the introduction of an integrated wired/wireless communication network
model was carried out on a real facility in a sugar refinery in Brcko in such a way that the results

can be applied to other types of facilities by adjusting the installed devices and their average
distance between a control room and junction boxes.

6. MODELS AND METHODS OF THE RESEARCH

The data required for the feasibility study for introducing an integrated wired/wireless
communication network model in a sugar refinery in Bréko were obtained from the process
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maintenance service. As can be seen in Figure 3, a cabinet with the DCS DeltaV control system
containing a controller and I/O cards [28] is located in the control room.

Control room

Junction
- Control cabinet box W
o~ Fieldbus
loop

D5 DeltaV system

Cable guideways and cables ‘f]

"

Junction
beox

Figure 3. Wired devices in a sugar refinery [29]

In order to introduce an integrated wired/wireless communication network model as in Figure
4, it is necessary, according to the requirements of the process maintenance service at a sugar
refinery in Brcko, to pass through the following scenarios [28]:

Scenario 1: 75% of wired devices and 25% of Foundation Fieldbus

Scenario 2: 33% of wired devices, 44% of Electronic Marshalling and 23% of Foundation

Fieldbus

Scenario 3: 26% of wired devices, 39% of Electronic Marshalling, 23% of Foundation Fieldbus
and 12% of wireless devices.

Control
roeCim

Junction box

.
1

Cable guideways and cables Fieldbus

loop

Electronic Marshalling
junction box

ar

HART
. loop

Wireless
1/0 card

WirelessHART
loop

ﬂ.

Wireless
Access Point

1

I
D5 DeltaV system

Figure 4. Model of an integrated wired/wireless communication network in a sugar refinery [29]

7. RESULTS OF THE RESEARCH

Each of these scenarios is calculated at distances of 30 metres, 60 metres, 90 metres, 120
metres, 150 metres and 180 metres from the control room to the junction box. In each scenario,
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the maximum wiring distance from the junction box to the device in the facility is about 10
meters, and for the Fieldbus loop is, on average, about 5 metres between the junction box and
the sensor. The average cost of installation is $ 10 per metre [28].

A feasibility study for introducing an integrated wired/wireless communication network model
starts from Scenario 1, where potentially 1500 out of a total of 2000 process measuring devices
in a sugar refinery can be wired, which is 75%, and 500 devices can use Foundation Fieldbus,
which is 25% (Table 3).

Table 3. Number of I/0 devices for Scenario 1

70
! 15 CHARMS :
Instrurnert Wired EhTIEE LS [AlE] || 118 ERE e e || il sy || PSS By Wireless
et || (e o 4 | | SEMIE WS || WEe B || EemiE [HEEm Bo Murnber of L (il Mumber of 140
Murnber of 0 | Humber of /0 | Mumber of 1f0 Mumber of /0
Murnber of [F0
Humber of
Field
Instruments
[
A0
ol
oo
RTD
Total Ne of IFD
1500 i ] 0 0 500 500 0

After entering the data into the I/0O on Demand Calculator, the total cost for this scenario is $
7634 and is shown in Table 4.

Table4. Costs for Scenario 1

Cost $,000
CHARMS 15 CHARMS 15 CHARMS
Traditional Electronic CHARMS Field Electranic Field Junction Fieldbus by
Surnrnary i red Marshalling Junction Box Marshalling Box Fialdbus W11 Others Wireless
Inztallation Materials ¥ 508 F 0§ 0§ - ¥ - ¥ 64 ¥ mETOF 150
Installation Costs (Labour
Only) ¥ 1017 § - 0§ - % - & - ¥ 161 % 69§
Terminations ¥ 20 % - B - B - ¥ - B ®F T ]
Quality, Configure and
commission 143§ - -5 -5 ] 0% % -
Total 4538 § 50§ 50§ - 4 - % 1362 § 1454 § 130
Cormbined Swstern Total T.E34
Savings In Cost $,000 Ease o 0 0 £l $3.177 $3.055 40
% Savings in Cost Base 0,009 0,00% 0,00% 0,00% T0,00% E7.21% 0,00%
CHARMS 15 CHARMS 15 CHARMS
Electronic CHARMS Field Electronic Electronic Fieldbus by
i red Marshalling Junction Box Marzhalling Marzhalling Fieldbus= W11 Others Wiireless
Cost per pairt (§) i 2751 § - 3 - 4 - 4 - 3 24 4§ 2697 §

In Scenario 2, where out of a total of 2000 process measuring devices, 660 can be wired, which
is 33%, 880 can use Electronic Marshalling, which is 44%, and 460 can use Foundation Fieldbus,
which is 23% (Table 5).
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Table 5. Number of I/O devices for Scenario 2

70
! 15 CHARMS :
Instrument Wired RIS RETE A |1 CRS | e o stem || miems i || SRS Ey Wireless
serizham || (e e i || e (e | | dmediem S || e e Bow Nurnber of 110 il Number of [0
Murnber of /0 | Murber of 10 | Mumber of 170 Murnber of 10
Humber of IF0
Humber of
Field
Instrurnents
al
A0
ol
oo
RTD
Total Mo of W0
660 o 880 o 0 460 450 ]

After entering the data into the I/O on Demand Calculator, the total cost for this scenario is $
6742 and is shown in Table 6.

Table 6. Costs for Scenario 2

Cost §,000
CHARME 15 CHARMS 15 CHARMS
Traditional Electronic CHARMS Field Electronic Field Junction Fieldbus by

surnmary Wired Marshalling Junction Box Marshalling Box Fieldbus W11 Others wireless
Installation hiterials ¥ 34§ 50 % 592 & ¥ ¥ T 338 % 150
In=stallation Costs (Labour
Onlyy ¥ 452§ ¥ 471 & - % ¥ 149§ 156§
Terminationz ¥ 127 % ¥ M § - ¥ ¥ 3§ 4 %
Quality, Configure and
comMmission 1066 & ] 08§ S ] k3 % g8 -
Total 2038 9§ 0§ 1881 § - & § 1254 § 1.367 ¢ 130
Combined Systern Total 742
Savings In Cost $,000 Base $0 §1.989 $0 $0 §785 §672 $0
% Savings in Cost Base 0,00% 97.55% 0,00% 0,00% 28,50% 22.97% 0,00%

CHARME 15 CHARMS 15 CHARMS

Electronic CHARMS Field Electronic Electronic Fieldbus by

Wired Marshalling Junction Box Marzhalling Marshalling Fieldbus W1 Others Wireless

Cost per point [§] 3 2.809 % - % 52§ - & - 4 2479 4 27§

In Scenario 3, where out of a total of 2000 process measuring devices in a sugar refinery, 520
can potentially be wired, which is 26%, 780 can use Electronic Marshalling, which is 39%, 460
can use Foundation Fieldbus, which is 23%, and 240 devices are used for 8 wireless networks,
which is 12% (Table 7).
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Table 7. Number of I/0 devices for Scenario 3

[
) 15 CHERMS )
Instrumert Wired CHARMS | GHARMS Field | 13 CHARMS | by inction | Fieldbus wag | Fieidbus by Wireless
Beserien || umiser o (g || SemiE] e || il B || (e R Box Nurnber of /0 s Nurnber of 140
Murnber of Y0 | Mumber of Y0 | Mumber of 1/0 Murnber of 1f0
Murnber of 1/0
Murnber of
Field
Instruments
ul
i
ol
oo
RTO WIOC Systerns
Total No of 10
520 0 a0 0 0 450 450 240 H

After entering the data into the I/0O on Demand Calculator, the total cost for this scenario is $
6374 and is shown in Table 8.

Table 8. Costs for Scenario 3

Cost §,000
CHARME IS CHORME IS CHARME
Traditional Electronic CHARMS Field Electronic Field Junction Fieldbus by
Surnrmary Wired Marzhalling Junction Box Marshalling Box Fieldbus W11 Others Wireless
Installation Materials ¥ X T 0008 536§ - 3 - % sl I o I 261
Installation Costs (Labour
Only) § bl I - % 45 F - % - 3 149 % 158§ TE
Terminations 3 00§ -8 22§ - 3 - ¥ 33 % 4 F 1
Quality, Configura and
commission 40§ - § 627§ - 3 - 3 rEr 538§ 65
Total 1622 § ElE] 1677 4§ - 4 k] 1254 4§ 1367 § 404
Combined Systern Total 6574
Savings In Cost $.000 Base J0 §1.572 40 40 $a6s §255 .17
% Savings in Cost Base 0,00% 96,92% 0.00% 0.00% 22,67% 13.72% T3.06%
CHARMS IS CHARMS IS CHARMS
Electronic CHAERMS Field Electronic Electronic Fieldbus by
Wired Marzhalling Junction Box Marshalling Marzhalling Fieldbus W11 Others Wireless
Cast per pairt [§) F] 2835 § - 3 55§ - 3 ] 2479 § 271§ 44944

Analysing the costs obtained by the I/O on Demand Calculator for each scenario, the following
results of the cost dependence on the distances are gained, as shown in Figure 6. The costs
increase linearly at a rate of $ 6.42 per metre for Scenario 1, at a rate of $ 3.88 per metre for
Scenario 2, and at a rate of $ 3.28 per metre for Scenario 3.
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The obtained diagrams in Figure 6 show that an integrated wired/wireless network model in
industrial process control applications is cost-effective in each scenario, both over long
distances and in applications where distances are relatively short. The total costs for the
feasibility study for introducing an integrated wired/wireless communication network on a real
facility at a sugar refinery in Br¢ko are shown in Table 9.

Table 9. Total costs of all scenarios

Scenario 1 Scenario 2 Scenario 3
Costs (Sm) 6.42 3.88 3.28
Installation savings (Sm) 2.54 3.14
Savings (%) 39.56 48.9
Total number of devices 2000 2000 2000
Wired network 1500 660 520
Electronic Marshalling 880 780
Foundation Fieldbus 500 460 460
Wireless network 240

At the end of this study, by analysing the results presented in Table 9, we can conclude that
there is a justification for introducing an integrated wired/wireless communication network at
the sugar refinery in Brcko. The results show savings between 39.56% and 48.9%, i.e. those
potential savings of 48.9% are achieved using Scenario 3 where 26% of devices are wired, 39%
of devices use Electronic Marshalling, 23% of devices use Foundation Fieldbus and 12% of
devices are connected wirelessly.
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8. CONCLUSION

In order to obtain a satisfactory industrial communication network based on the results
presented in this paper, we can conclude that there is a justification for introducing a model of
an integrated wired/wireless communication network in a real facility at a sugar refinery in
Bréko. The application of the latest integrated wired/wireless communication networking
technology is a highly reliable and efficient industrial solution and represents a great
opportunity for industrial production to rise to a higher level of reliability and performance.
Integrated wired/wireless solutions in industrial communication networks provide access to
important information from parts of manufacturing facilities that have not been available
before and provide the possibility to add new measurement points where access was
previously too expensive and inaccessible.

In general, the study results show that the presence of a wireless network in the integration is
cost-effective and contributes positively with additional savings at any distance and much more
at great distances, which is of great importance for engineering in terms of Building
Environment and Architecture.
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O4/IYKYy O KaTeropusaumju paga L[oHocuM YpeaHUWTBO Yy3umajyhu y o063up muwsberba
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