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Summary: In the terms of progressive technological advancements, modern planning

continuously searches for new innovative methods of qualitative spatial assessments.

Green roofs, as one of the measures to ensure conditions for adaptation of urban

environments to climate change, are increasingly being implemented. The work aims are

to analyze numerical indicators of environ-

mental conditions, such as the Belleville complex in Block 67, to indicate the possibility of

green roofs developing to improve environmental and functional performance. Numerical

indicators were obtained by measuring potentially green roofs and green surfaces on slant

high-resolution digital aero-photogrammetry recordings, based on data from the Urban

Plan and the Main Settlement Project.
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1. INTRODUCTION

In multidimensional terms, urban areas are key drivers of change. Urban planning is a
principal instrument in the sustainable development of cities relying on the protection of
the existing environment, improving space, determining positions and content of new
structures. The modern planning process carries great responsibility towards future
generations expecting to respond to the many challenges of today. Solutions for the
problem of uncontrolled urbanization, climate change, and irrational exploitation of
resources are needed. The built environment has an impact on the environment, which
depends primarily on the principles of planning, urban design, and urban morphology [1].
Two of the world's leading demographic trends that have led to a disruption of natural
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biodiversity and ecosystem are population growth and urbanization. Living standards put
ecological comfort at the forefront as one of the most an important indicators of life in
urban areas. Housing further stands out as a primary urban function due to the continued
expansion of cities. The practice demonstrates that environmental knowledge is not used
enough in the absence of green spaces in cities [2] and that today we are witnessing
irrational construction of high-density areas where the quality and biodiversity of open
spaces is marginalized. Greenery becomes an important element of urban design, it
regulates microclimatic conditions, filters-air, reduces noise, and contributes to the
ecological values of space. Green spaces, due to a lack of private open spaces, are
extremely important in areas intended for multifamily housing. To promote "green
growth™ and improve the ecological and functional performance of built areas, spatial
analysis plays an important role. In terms of significant technological advancements,
modern planning continuously searches for new innovative methods of qualitative spatial
assessment. In recent years, 3D models and simulations of cities have gained importance
and models of modern computers are becoming more detailed in enabling the testing of a
wide range of aspects in urban areas. In particular, the method of aero-photogrammetric
imaging is explored using the Penta camera system to measure urban parameters.
Applying slant air shots gives new possibilities for integrating the texture of objects into a
3D model. These 3D models are applied in the field of engineering design, environmental
modeling, real estate, and security systems. The work aims to explore the possibilities of
applying slant digital aero-photogrammetry imaging in urban planning, for example, by
analyzing numerical parameters of the ecological conditions of the Business and Housing
Complex "Belvil" in Block 67 New Belgrade. A special emphasis has been placed on
improving environmental performances by increasing the green surface of roofs. "Belvil"
is a complex of 14 residential and 2 office buildings in Block 67 in New Belgrade, located
between the streets of Yuri Gagarin, Spanish Fighters, Djordje Stanojevic, and Dr.
Agostino Neto. Construction of the area began in 2007 and was completed in 2009. Built
residential and supporting buildings of gross construction area (GRCA) of about 170000
m2, on an area of 13.7 hectares, is located in the immediate neighborhood of the trade and
business center "Delta City" in the function of housing and the need of public services, in
the phase of use of this part of the block as a new residential settlement provided by
buildings with about 2000 housing units for about 6000 residents.

2. MATERIALS AND METHODS

The aero-photogrammetric recording of the Belleville complex was conducted with the
Penta aviation camera system Vexcel UltraCam, from a height of 1000 m by an aircraft
with an inertia system that measures the slope of the axis for each shot. Slant aero-
photogrammetric images are at a 45° angle over the horizon, with a 90° camera axis
position and a spatial resolution of 10 cm. Between recordings, it's 70% overlap, which
allows 12 shots from different directions to be provided for each detail in space. Processing
of recording data sets parameters for external and internal orientation recordings, while
the digital model of the terrain is integrated with the recordings, allowing the measurement
of coordinates, lengths, heights, and overhead surfaces of objects and green surfaces to
control the parameters of the Main Project built block 67 and complex. The accuracy of
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digitizing details is the size of an aero-photogrammetric image pixel. In addition to the
images for parameter control, the appropriate PHOTOMOD software suitable for the
needs of data processing in spatial planning was used [3-6]. Aero-photogrammetric images
of Block 67 have been processed covering the space for the construction of housing and
commercial activities, as well as free and green areas (GP1-GP6). The parcel-level
building index is calculated according to the formula:

FS1 =24 Q)

p
> Pi is the sum of useful surfaces of the building (ground floor + floors),
Pp - the surface of the building plot.
Po- surface under object.
The degree of utilization at the parcel level is calculated as:

SI=22.100[%] 3
Pp

UP- Urban project
GP- Building plot

Ilustration of aero-photogrammetry and subject area recording is in Figure 1:

Figure 1 — Aero-photogrammetry and images of the subject area

2.1. ECOLOGICAL PARAMETERS OF THE AREA

At the specified location, urban parameters of green areas of the General Plan of Belgrade
2021 have been applied, adjusted based on changes to the General Plan of Belgrade 2021.
Urban parameters of green surfaces for construction areas and buildings in the city blocks
are: green and non-residential areas relative to the surface of the block are 20%, green
areas on the building plot (GP) 30% to 40%, and maximal density of housing is 250 — 450
resfha. Within the UP phase of use block 67 are planned: roads 27779 m?, free and green
area 24121 m? for public building complexes 15097 m?, space for housing and commercial
activity, and pedestrian communication for public use 67690 m?. That is a total of about
137064 m? [7-10]. The work measured green spaces on digital slant aero-photogrammetric
images of Block 67 covering green areas and potentially green spaces on construction
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parcels (GP1-GP6) (Figure 2). The total area of Block 67 obtained by measuring, digital
processing on the slant aero-photogrammetric images is 190800 m?. The area of
construction parcels covered by the Urban Project is 137064 m? and consists of 9 building
plots. Given the possibility of greening roof surfaces and the importance of greening, the
research aims to indicate the possibility of improving the environmental performance of
the subject area.

Figure 2 — Construction parcells (GP1-GP6) of the "Belvil" complex

2.2. GREEN ROOFS

Green roofs known as roof gardens date back to the time of Babylon, and today they are
of great importance for contemporary architecture and contemporary man, both because
of their aesthetic and functional purposes and because of the impact they have on the
development of biodiversity in urban environments, and on raising environmental
performance. In urban areas, green roofs gain importance especially in the context of
climate change, contributing to the increase in the overall area under vegetation. The
construction of green roofs is increasingly being implemented, as a measure, to ensure
conditions for adaptation of environments to climate change by increasing the green area
that is missing the most in major cities. Given the fact that rooftop areas occupy almost
one-quarter of the total area of urban space in the central parts of the city, green roofs are
increasingly becoming an integral part of urban spaces and green infrastructure as one of
the increasingly important "passive techniques" for regulating the need for cooling and
heating of buildings. Green roofs have many positive impacts such as:

e They affect the quality and quantity of atmospheric waters.

e They are increasing the effects of heat islands.They are affec-
ting air quality improvements.

e They improve the biodiversity of urban environments.

e They are making noise reductions.
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e They prevent the degradation of the roof membrane and more than double its
lifespan.

They reduce overall energy consumption for heating and cooling.

They contribute to the aesthetic and ambient values of urban environments.
They protect against ultraviolet radiation.

They increase the overall area under vegetation in urban areas.

3. RESULTS AND DISCUSSION

By digitizing the surface on Penta with aero-photogrammetric scans and processing of
measurement results with adequate software, results of measuring the green surfaces of
"Belvil" settlements have compared to the results of the Main Project (GP) and the results
of the Urban Settlement Project (UP), where P is the surface of the plot, ZK is potentially
green surfaces (roofs), and ZP is existing green surfaces according to measurements of
slant aero-photogrammetric imaging.

Table 1 — Construction parcells (GP1-GP6), green areas and potentially green roofs in

m2

Parcel P upP GP ZP ZK
GP1 4387 4485 2945.2 2953.1 3690.8
GP2 11744 4957 1351,2 3799.9 2876.8
GP3 12666 773 1978.77 1315.1 3664.1
GP4 12666 3353 1632.85 1315.1 3864.0
GP5 9897 3981 4557.23 4141.8 2098.2
GP6 18623 2167 6172.4 4859.2 4557.7
>GP 69983 19216 18646.65 18391.2 20751.6
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Figure 3 — Graphical representing of the surface of building plots based on Table 1
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The total green area and potential green roofs represent 39142.8 m?. The current state of
derivative green areas obtained by digital processing of Penta aero-photogrammetric
images within the case parcels (GP1-GP6) of the settlement shows that it is less than the
planned surfaces per project documentation by 255.45 m?, i.e., 0.36% for the "Belvil"
settlement. Green spaces given to the Main Settlement Project are lower by 569.35 m? than
the green spaces of urban projects, representing 0.81% for "Belvil" settlement (see Table
2). According to the measurements, the total area of green space and future green roofs is
55.93%. Table 3 is given a view of green areas relative to the population according to UP,
GP, and based on measurements of green surfaces by digital processing of Penta aero-
photogrametric images.

Table 2 — View of green areas based on UP and GP
uUP GP ZpP ZK
% ZP 27.46% 26.64% 26.27% 29.66%

Table 3 — View of green areas (level of settlement greenery) relative to the population of
settlements

uUP GP ZpP ZK
m? ZP 3.20m?ZP per | 3.10 m?ZP | 3.07 m?ZP per | 6.52 m?> ZP per
resident per resident | resident resident

The results of measuring green areas based on digital processing of recordings show that
they are highly compliant with green area data from the Main and Urban Project. The
accuracy of comparative analyses of the green surfaces of the subject area with digital
processing depends on the quality of aerophotogrammetric images, software, quality of
recording resolution, quality of digitization of line elements of green surfaces,
meteorological conditions of aerophotogrammetric imaging, and experiences of operators
processing spatial data of green surfaces.

— —

igure 4 — The greening proess of the "Belvil" settlement

e —
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To improve environmental performance, the results of the study point to the possibility of
greening roofs, as in Figure 4. The current state of derivative green surfaces and surfaces
of green roofs obtained by digital processing of Penta aero-photogrammetric images
within the subject parcels of the GP1-GP6 complex shows that they are larger than the
planned green areas per Main Project for 20496.15 m?, and according to the Urban Project
for 19926.8 m2. Compared to the projected population (6000), Table 3, the level of
settlement greenness according to UP is 3.20 m? ZP/ per resident and GP 3.10 m2 ZP/ per
resident. According to aero-photogrammetric measurements of green surfaces, based on
the processing of recordings 3.07 m2 ZP/ per resident. Derived green areas and green roofs
(for 14 residential and 2 office buildings) measured by digital processing of "Belvil"
complex provide 6.52 m2 ZP / per resident. The possibilities of applying different images
used to improve environmental performance are numerous [11-13].

4. CONCLUSION

Digital aerophotogrammetry recordings, using the appropriate software, open up new
possibilities for quality spatial analysis. In addition to application in the field of urban
planning, they could be used for engineering design purposes, in the reconstruction and
rehabilitation of buildings, in the process of legalization of illegally erected buildings, in
the real estate market, processing facilities and fees for the use of construction land, in
managing risk situations for the needs of fire departments and emergency services,
tourism, etc. The paper analyzed numerical indicators of the environmental performance
of "Belvil" settlements. The results obtained by the mowed aero-photogrammetry images
show that if the roof surfaces are greened, greenery in square meters per resident could be
significantly increased. Space planning can be significantly affected by high-resolution
aero-photogrammetry images in a 3D model of the terrain. The results obtained for this
case area show that the accuracy of the measurement meets the needs of landscaping.
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AHAJIN3A HYMEPUYKUX NTHIANKATOPA
EKOJIOIIKUX YCJIOBA KOMIIVIEKCA "BELVIL"
ITPUMEHOM AEPO®OTOI'PAMETPHUJE

Pesume: YV ycnosuma npocpecusHux mexHoIouikux oocmueHyha, cagpemero niaHuparse
HenpeKkuoHo mpaza 3a HO-8UM UHOBAMUSHUM MEMOOAMA KEATUNA- MUSHUX NPOCOPHUX
npoyena. Kao jeona 00 mepa 3a obezbehusarve yciosa 3a adanmayujy ypoanux cpeouna
Ha KIU- MamcKe npomene, cee suie ce npume-ryje usepaored 3eieHux kpososa. Liuw pada
jecme 0a ananu3om HyMepuuKkux UHOUKamopa eKoaiowKux ycioed Ha npumepy KOMHieKca
,beneun y Bnoxky 67 ykaxce na moeyhnocm pasgoja 3eie-HUX KpO806a V YUY
YHanpeheroa eKonowKux u QYHKYuoHanHux nepgop-maucu. Hymepuuxu unouxamopu
000uje-Hu cy Meperbem NOMEHYUjaaHO 3eIeHUX KPoB08a U 3eleHUX NOBPUUHA HA KOCUM
OUSUMATHUM AePODOMOSPAMEMPUJCKUM CHUMYUMA BUCOKUX Pe30ayyujd, U HA OCHOBY
nooamaxa u3z Ypoanucmuuxoe naauna u I nasnoe npojexma Hacema.

Kwyune peuu: 3enenu Kpogosu, oOucumanina gpomozpamempuja, Hymepu- uKu
UHOUKAMOpU, eKoao2uUjd
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