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Introduction



Introduction

• in the territory of today's Republic of Croatia during the 20th century, due to 
specific historical and socio-economic circumstances, two periods are 
significant in terms of illegal construction

• the first period is from the end of World War II to the mid-1960s, when mass 
reconstruction was carried out (construction was often done without permits
especially outside urban areas)

• the second period began at the end of the 1970s and lasted until the mid-
1990s



Introduction

• the aforementioned facts led to the situation that a significant number of 
constructed buildings were not legal, which represented a problem on a 
number of levels, from social (a large number of such buildings were the 
first and only real estate for a certain number of families) to problems for 
local governments in terms of building and planning adequate communal 
infrastructure

• based on all of the above, the Government of the Republic of Croatia made 
a decision to implement the legalization of illegally constructed buildings in 
order to regulate the situation related to the illegally constructed buildings as 
much as possible under the given circumstances



The data used



 Different scales from 1:5000 to 1:250 000

 Covering the territory of whole country

 Available in raster/vector form 

 Available on SGA Geoportal 

 SGA maps are source for all other thematic 

maps

OFFICIAL MAPPING



CROATIAN BASE MAP (HOK5)

Scale – 1:5 000

Analogue/digital format

Sheet size 50 x 70 cm

One sheet covers the area of 575 ha

Multicolor print (3 or 4 colors)

Scanned in 300 dpi resolution

 TIFF format 

CBM production > from 1954 to 2008 

 9803 sheets produced in total



Aerophotogrammetric survey 1950 - today

Aerial survey - 1950 to 1968
Analog camera

 scales (from 1:5000 to 1:32000)

 covered more than 90% of the territory

Used for legalisation of non legal buildings

1950-1954
17%

1955-1959
22%1960-1964

25%

1965-1968
36%

Photo year



Aerophotogrammetric survey 1950 - today

Aerial survey - 1969 to 1991
Analog camera

 scales (from 1:4000 to 1:36000)

 covered more than 95% of the territory

Used mostly for topographic map productions

1969 - 1973
12%

1974 - 1978
17%

1979 - 1983
32%

1984 - 1988
19%

1989 - 1991
20%



Aerophotogrammetric survey 1950 - today

Aerial survey 1992 to 2000
Analog camera

Cyclic aerial survey

 scales (from 1:10000 to 1:22000)

 covered 100% of the territory

Used for topographic map productions

1992 - 1995
0%

1996
5%

1997
45%

1998
19%

1999
10%

2000
21%



Aerophotogrammetric survey 1950 - today

Aerial survey 2001 to 2007
Analog and digital camera (2006)

Cyclic aerial survey

 scales (from 1: 2000 to 1:20000), GSD 0,30

 covered 100% of the territory

Used for DOP / topographic map productions
2001
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2002
3%

2003
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Aerophotogrammetric survey 1950 - today

Aerial survey 2008 - today
 digital camera

 LPIS project , cooperation with Ministry of 

agriculture 

GSD 0,30m )

Used for production of DOP / topographic map

2009 – 80%

2011 – 100%

2014 – 2016 – 100%

2017 – 2018 – 100%

2019 – 2020 – 100%

2021 – 2022 – 100%

2023 – 2024 – 100% (planned; work in progress)



DIGITAL ORTHOTOPHOTO MAP IN SCALE 1:5000 (DOF5)

From 1998 – 2006 was produced 3028 maps (31%)

54% black/white 46% color

Projection Gauss Kruger, Bessel ellipsoid



DIGITAL ORTHOTOPHOTO MAP IN SCALE 1:5000 (DOF5)

Continuous production – 10945 maps (56500 km2)

Production frequency - 2 years

- 2007 – 2009 – 100%

- 2011. – 100%

- 2014 – 2016 – 100% 

- 2017 – 2018 – 100% 

- 2019 – 2020 – 100%

- 2021 – 2022 – 100%

- 2023 – 2024 – 100% (planned)

Projection HTRS96/TM, GRS80 ellipsoid



PROJECT „MULTISENSOR AERIAL SURVEY OF THE 

REPUBLIC OF CROATIA FOR THE PURPOSES OF DISASTER 

RISK REDUCTION ASSESSMENT”

 Beneficiary and project coordinator: State Geodetic Administration

Project partners: Geodetic Faculty of the University of Zagreb and the City of Zagreb

Co-financing of the project: Croatian Waters

 Implementation period: May 2020 – December 2023.

The goal was to provide homogeneous products based on high-

quality spatial data, which will serve as a basis for modeling and 

disaster risk assessment.



 Digital Terrain Model (DTM) and Digital Surface Model (DSV) – datasets obtained from 

LIDAR data 

 Classified aerial and corridor LIDAR survey dana

 Digital Orthophoto Maps in a scale of 1:5000 (DOF5)

Requirement - Minimum achieved density of points for aerial LIDAR 

survey of the Republic of Croatia:

- 4 points per m2 in non-urban areas (uninhabited and sparsely populated 

places)

- 8 points per m2 in urban areas (higher density cities and settlements)

AERIAL PHOTOGRAMMETRIC SURVEY AND AERIAL LIDAR 

SURVEY

Requirement - Minimum achieved density of points for aerial LIDAR 

survey of river banks (3501 km):

- 20 points per m2 on river banks and their corridors with a total width of at 

least 500 m



PRODUCTS CREATED ON THE BASIS OF AERIAL 

PHOTOGRAMMETRIC AND AERIAL LIDAR SURVEY

 Digital Terrain Model (DTM) created on the basis of aerial LIDAR survey with a 

grid size of 1 m

 Digital Surface Model (DSM) created on the basis of aerial LIDAR survey with a 

grid size of 1 m

 Digital Terrain Model (DTM) created on the basis of corridor aerial LIDAR 

survey with a grid size of 0.5 m

 Digital Surface Model (DSM) created on the basis of corridor aerial LIDAR 

survey with a grid size of 0.5 m

 Original unclassified aerial and corridor LIDAR survey dana

 Classified aerial and corridor LIDAR survey dana

 Digital orthophoto maps (DOF5)











2D Savica 3D Savica



 from 2021 – 2024 app. 85000 Ha

 Project results:

• digital terrain model (DTM)

• digital surface model (DSM) 

• classified point cloud 

• digital orthophoto maps 0,05 m

• 3D Mash 

DRONE imagery on construction areas included in the annual 

program of cadastral surveys



INPUT DATA

• scanned aerial photogrametic images in scale: 1:3000, 

1:4000, 1:5000, 1:6000, 1:7000, 1:8000, 1:10000, 1:20000, 

1:32000

• not selective incomplete accompanying documentation

• delivered more than 35,000 images

Good practice – legalization of illegal buildings (1968)



task was to produce as accurate data that will be used for 

issuing certificates that the construction was recorded prior to 

1968.

Methodology

Good practice – legalization of illegal buildings (1968)



all images are after georeferencing also ortho-rectified with the 

DTM for increasing of positional accuracy

Without DTM

Only georeferenced

With DTM

Georeferenced + ortho-rectified

Good practice – legalization of illegal buildings (1968)



Production process

Reconstruction 
of submitted 

aerialphotogra
metric projects

Determination 
of the 

minimum 
number of 

ground control 
points (WMS 

services) 

Forming 
aerotriangultio

n blocks 
Aerotriangulation Georeferencing

Ortho-
rectification

Good practice – legalization of illegal buildings (1968)



• covered more than 90% of the 

territory

• more than 35 000 images in 105 

different projects

• some areas covered in 3 or more 

different scales and year of

capturing (eg. area of Zagreb)

• DOP in scale 1:5000

Results 

Good practice – legalization of illegal buildings (1968)



2011 19682011 1968

Result is high quality and very usable product for different purposes

Good practice – legalization of illegal buildings (1968)



Formal framework and

process



Legislation and Regulations

• Law on Construction (Official Gazette  
153/13, 20/17, 39/19 and 125/19)

• Law on Dealing with Illegally Constructed 
Buildings (Official Gazette 86/12, 143/13, 
65/17 and 14/19)

• Law on State Survey and Real Estate 
Cadastre (Official Gazette  112/18 and 
39/2022)

• other rules, regulations and by-laws



Usage of aerial photogrammetric images

• one of the tools in the legalization
process, but not the only source of
information

• in combination with other relevant
documentation, technical review and
field research - significantly affects the
reliability of building detection for the
legalization process



Participation of SGA in legalization procedures

• Since 2006, SGA has been participating in the legalization process for 
buildings recorded/visible on materials under its jurisdiction

• SGA - issuance of certificates based on examination of aerial 
photogrammetric images, DOF5, HOK, cadastral report, copy of cadastral 
plan, title deed, etc.



Buildings constructed before 1968.

• February 15, 1968 – date of General Legalization

• everything built in the territory of the Republic of
Croatia until February 15, 1968 - is in accordance
with the appropriate permit

• by examination of the aerial photogrammetric
image from the air made on the basis of the
recording made before February 15, 1968.

• by examination of the other cartographic
materials of the State Geodetic Administration
from that time or, if necessary, other appropriate
evidence



example

Year 1961. Year 1966.

Task: Split_1961. Task: Reambulacija_VGI

Sarajevo_Primorje_1_1966.



example of the certificate



Legalization of illegally constructed buildings until 2011.

• a large number of illegally constructed 
buildings throughout the country

• Law on Dealing with Illegally Constructed 
Buildings, 2012.

• all buildings that are visible on the digital 
orthophoto map of the State Geodetic 
Administration made on the basis of aerial 
photogrammetric surveying started on June 
21, 2011 or on the digital orthophoto map 
made on the basis of aerial photogrammetric 
survey until June 21, 2011 can be legalized.



example

Varaždin_AF_2003. DOF_2004./05.



example of the certificate



Participation of SGA in legalization procedures

• Issuance of the Certificate on the time of registration of the building on the 
images made on the basis of the image capturing made before February 15, 
1968.

• Total: 371 535

increase in the request for the issuance of the Certificate 1968.



Participation of SGA in legalization procedures

• Issuance of the Certificate on whether the building is visible on the digital
orthophoto map made on the basis of the aerial photogrammetric survey
started on June 21, 2011 (DOF5/2011)

• Total: 9 958

representation of received requests for issuing Certificates 2011.



Participation of SGA in legalization procedures

• Limited number of employees, analog aerial images, lack of flight plans, ...

• Aerial images from the Military Geographical Institute – 35 000 images, up
to 1968

• 2013 – DOF68 mosaic

• development of application for the issuance of certificates, 2014 - uploaded
aerial images 1954 - 1968



Application for certificate issuing



Application for certificate issuing

• Developed in year 2014. 

• basic GIS functionalities - zoom, pan, layer management, swipe…

• enables annotations, review and archiving of issued certificates at the 
cadastral parcel level

• basic data are individual aerial photogrammetry images by year of capturing
(up to 1968), additionally number of other SGA materials is used - HOK,
DOF2011, cadastral plan etc.



Conclusion



Conclusion

• Through the process of legalization, the actual situation in the territory of the
Republic of Croatia in terms of constructed buildings has been registered to
a large extent, and thus the audit, inventory and registration of constructed
buildings has been made

• The legalization process, to some extent, enabled the poorer parts of
society to register ownership and dispose of real estate, which reduced
social differences in society

• For the local self-government, the legalization and consequently the
registration of illegally constructed buildings made it possible to better deal
with the infrastructural needs of the population in terms of the design and
construction of water supply, sewerage networks and wastewater treatment
plants



Conclusion

• If we were to develop the application today, we would include additional
layers/datasets such as TTB and especially LIDAR data

• It would be recommendation to try to perform the detection of potential
objects (buildings) in advance using a machine learning models by
comparing a number of different sets of original data



Thank you!


