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INTRODUCTION  

 

 

 
Dear colleagues, 

 

Welcome to the 5
th
 edition of the International Conference on Cartography and GIS in Bulgaria. The previous events 

took place in Borovets (2006 and 2008), Nessebar (2010) and Albena (2012). The conference is organized by Bulgarian 

Cartographic Association and University of Architecture, Civil Engineering and Geodesy (UACEG), Sofia under the 

patronage of Prof. Krasimir Petrov, rector of UACEG. This year, 2014, the summer resort of Riviera Holiday Club will 

welcome the participants from 15 to 20 June. The organizersô aim is to collect knowledge and information about the 

latest achievements of cartography combined with GIS in the region of the Balkan Peninsula, and Europe by adding 

also global aspects. Another goal is to discover and offer decisions for satisfaction of the ever increasing demands for 

analyses and visualization of geo-spatial data in the area of science, economy, management, ecology, and crises 

situations in our modern times at a national, regional and global scale. 

 

The main topics of the conference are: 

 

¶ Cartography Concepts in BigData Environment 

¶ GIS Technologies and Related Disciplines 

¶ Web Cartography and Digital Atlases 

¶ Map Design and Production 

¶ Cartographic Visualization 

¶ Volunteer Geographic Information 

¶ Virtual Geographic Environment 

¶ Cartography and GIS in Education 

¶ GPS Technologies 

¶ Contemporary problems using geodetic coordinate systems and map projections 

¶ Geospatial data acquisition by remote sensing technologies for cartographic purposes 

¶ GIS for Geology and Natural Sciences 

 

In these years, marked by social and natural crises, these topics allow us to outline the hunger of our users for 

cartography achievements. They also show the need of businessmen, government representatives and scientists for real 

time cartographic representations and better SDI, GPS and GIS solutions. To deliver them, we need support of domain 

specialists in different branches of the Earth sciences. 

 

During the conference, three ICA commissions on: 

¶ Cartography and Children,  

¶ Cartography on Early Warning and Crises Management, and 

¶ Map Projection 

will have their annual meetings. 

 

Two-day Seminar with EU Cooperation on Early Warning and Disaster / Crises Management is organized by Prof. Dr. 

Milan Konecny, Chair of Commission on Cartography on Early Warning and Crises Management and ICA President 

(former) under the auspices of the Czech ambassador to Bulgaria His Excellency Mr. Pavel Vacek. 

 

The conference is supported by Ministry of Education and Science, by Ministry of Defense ï Military Geographic 

Service and Geodesy, Cartography and Cadastre Agency. All they expect significant results to be achieved and many 

new projects to be started during the event. As EU member since 2007 and NATO member since 2004 (just 10 years 

jubilee), Bulgaria welcomes all ideas for collaboration in the field of Earth sciences. An example for such cooperation is 

the above-mentioned Seminar that has acquired EU dimension built around the Bulgarian and Czech combined efforts. 

Among the members of the Local Organizing Committee, numerous universities that specialize in the field of 

Cartography and GIS can be distinguished. The organizers are proud to announce that the following leader companies 

in geoinformatics and cartography domains participate as sponsors of the event: ESRI, Intergraph and Technologica. 
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World-famous scientists are invited to present keynote speeches: 

 

BARBARA  RYAN   

Secretariat Director of the intergovernmental Group on Earth Observations (GEO)  

 

"Building a Global Earth Observation System of Systems (GEOSS)"  

 

 

Prof. LASZLO ZENTAI   
ICA Secretary General and Treasurer, HUNGARY  

 

"From the early digital technologies to web 2.0 based cartography in the thematic maps"  

 

 

Assoc. Prof. SISI ZLATANOVA, Dr.   
Leader of a research group "Geo-information for Crisis Response" at the GIS Technology section, TU 

Delft, The NETHERLANDS  

 

"3D GIS: the technology behind the pretty 3D picture"  

 

Sponsor Keynote Speakers 

 

MICHAEL GOULD, Ph.D.   
Global Education Manager, ESRI, USA  

 

"Cartography and other Key Components of the GIS Platform for a Mobile-first World"  

 

 

ROBERT H. NAGY   
Regional Channel Manager for Central and South-Eastern Europe, Hexagon Geospatial, HUNGARY  

 

"21 century GIS workflows - Fusing the Real and Digital World"  

 

 

 

The main international organizer is the International Cartographic Association (ICA) with the exclusive support of the 

Secretary General of ICA Prof. Laszlo Zentai and many chairs of ICA commissions. This cooperation arouses interest 

among 150 participants from more than 40 countries.  

 

We would like to wish all colleagues successful work, inspiring discussions about present issues and many new 

opportunities for improvement and collaboration in the near future.  

 

 

 

Prof. Dr. Temenoujka Bandrova, 

President Local Organizing Committee 

 

Prof. Dr. Milan Konecny, 

President International Organizing Committee 
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A GIS ANALYSIS OF AR TIFICIAL SURFACES IM PACT ON 

URBAN HEAT ISLANDS O F NOVI SAD, SERBIA 

Markoviĺ Vladimir
1
, Stankov Ugljeġa

1
, Saviĺ Stevan

2
, Klauļo Michal

3
, Pavloviĺ 

Marko
4
 

1
PhD, Vladimir Markoviĺ, Center for Spatial Information of Vojvodina, Faculty of Science, 

University of Novi Sad, Trg Dositeja Obradoviĺa 3, Novi Sad, Serbia, e-mail: 

vladimir.markovic@dgt.uns.ac.rs 

1
PhD, Ugljeġa Stankov, Center for Spatial Information of Vojvodina, Faculty of Science, University 

of Novi Sad, Trg Dositeja Obradoviĺa 3, Novi Sad, Serbia, e-mail: ugljesa.stankov@dgt.uns.ac.rs 

2
PhD, Stevan Saviĺ, Climatology and Hydrology Research Centre, Faculty of Science, University 

of Novi Sad, Trg Dositeja Obradoviĺa 3, Novi Sad, Serbia, e-mail: stevan.saviĺ@dgt.uns.ac.rs 

3
Phd, Michal Klauļo,

 
Faculty of Science, Department of Geography, Geology and Landscape 

Ecology, Tajovsk®ho 40, Bansk§ Bystrica, Slovakia, e-mail: michal.klauco@umb.sk 

4
BSc, Marko Pavloviĺ,  Hydrometeorological Service of Serbia, Department  for Hydromet.Early 

Warning  System  and  Aviation Meteorology, TvrĽava 9, Petrovaradin, Serbia, e-mail: 

marko.pavlovic@hidmet.gov.rs 

Abstract 

Our study presents some possibilities of quantifying human impacts, trough quantification of artificial surface on Urban 

Heat Island (UHI). The applicability of using GIS to evaluate artificial impact on urban heat island has been 

investigated in Novi Sad, Serbia. Land cover coverage can be measured with mathematical metrics that quantify 

different aspects of landscape pattern. This research examines land cover patches by a set of landscape metrics for area 

and size (Number of patches - NP, CA ï Class area, % - class ratio) using ArcMap 10.1 software. The classification of 

land cover patches was based on Corine Land Cover 2006 (CLC2006) seamless vector data. This study was conducted 

based on crossing of landscape and geographical approach. UHI metrics of Novi Sad reveal human impact indicating 

relation between presence of artificial surface areas and increased air temperatures.  

Keywords: Urban Heat Island, air temperature, CLC, Novi Sad, Serbia 

INTRODUCTION  

It is crucial in land cover and climate change research to systematically describe the environment in order to detect its 

changes, human-related causes and responses. Earthôs land surface and its changes are central in most of the biophysical 

processes of global environmental change. Therefore, land change is qualified as a forcing function within the global 

environmental change (Grugia et al., 2010, Jansen and Di Gregorio, 2002; Turner, 2002; Turner, 2006).  

Land cover has been defined by the attributes of the Earthôs land surface and immediate subsurface, including biota, 

soil, topography, surface and groundwater, and human (mainly built-up) structure  (Lambin, Geist & Rindfuss, 2006).   

This paper analyse land cover patches and urban temperature intensity of the City of Novi Sad (Vojvodina, Serbia). The 

main purpose of the analyses is to quantify land cover patches within zones of annual mean urban heat island (UHI) 

temperature intensity of Novi Sad. Quantified land cover patches are bringing most useful information about state of 

UHI that is impacted by human influences. 

The long-term and effective monitoring of the excess heat is possible with the application of a measurement network, 

whose spatial resolution provides the detection (tracking) the differences between thermal characteristics of the 

neighbourhoods, and whose temporal resolution allows the exploration of both the diurnal as well as the seasonal 

peculiarities. To achieve this goal, the following tasks are carried out in Novi Sad: installation of a measurement 

networks of 27 stations with automatic data logger and transmission system; creation of high-resolution maps from the 

processed data about spatial structure of the thermal conditions, thermal load, and their continuous, real-time online 

presentation in the internet and public screen.  

mailto:vladimir.markovic@dgt.uns.ac.rs
mailto:ugljesa.stankov@dgt.uns.ac.rs
mailto:stevan.savić@dgt.uns.ac.rs
mailto:michal.klauco@umb.sk
mailto:marko.pavlovic@hidmet.gov.rs
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The information provided by the system including the local governments, health authorities, heating suppliers, 

institutions and the public: 

Å threshold numbers for the enactment of spatially differentiated heat alert within the city, so it may improve the 

effectiveness of the measures required during heat waves ï lower health risk, 

Å metrics for the spatially differentiated optimization in heating and cooling energy demand within the city, which can 

significantly reduce the energy consumption. 

MATERIALS AND METH ODS 

According to Oke (1984) and Svensson et al. (2002) three types of models can be applied for climate related research in 

urban environments: numerical, physical and empirically based models.  

For input model, authors were used model of annual mean UHI intensity created by Unger et al. (2011a; 2011b), that is 

based on empirical modeling study of Bal§zs et al. (2009). Statistical calculations were done using ArcGIS 10.1 

software. Quantification of landscape elements (land cover patches) in this papers were based on following landscape 

metrics: 

 

NP (Number of patches) ï equals the number of land cover patches in each patch type ï class.  

CA (Class area) - equals the sum of the areas belonging to a given class. Units of equals: quadrate meters (m
2
). 

%   (Percentage) ï represent ratio of each land cover class. 

 

The classification of land cover patches was based on Corine Land Cover 2006 (CLC2006), that provides consistent 

information on land cover and land cover changes across Europe. CLC classification consists of 44 land cover 

categories. The five general levels are: 1) artificial surfaces, 2) agricultural areas, 3) forests and semi-natural areas, 4) 

wetlands, and 5) water bodies (Heymann et al., 1994). 

 

Land cover patches ï class types that are represented in investigated area are following:   

112 - Artificial surfaces. Urban fabric. Discontinuous urban fabric 

121-Artificial surfaces. Industrial, commercial and transport units. Industrial or commercial units 

122 - Artificial surfaces. Industrial, commercial and transport units. Road and rail networks and associated land 

123 - Artificial surfaces. Industrial, commercial and transport units. Port areas 

141 - Artificial surfaces. Artificial, non-agricultural vegetated areas. Green urban areas 

142 - Artificial surfaces. Artificial, non-agricultural vegetated areas. Sport and leisure facilities 

211 - Agricultural areas. Arable land. Non-irrigated arable land 

231 - Agricultural areas. Pastures 

242 - Agricultural areas. Heterogeneous agricultural areas. Complex cultivation patterns 

243 - Agricultural areas. Heterogeneous agricultural areas. Land principally occupied by agriculture, with significant 

areas of natural vegetation 

311 - Forest and semi natural areas. Forests. Broad-leaved forest 

321 - Forest and semi natural areas. Scrub and/or herbaceous vegetation associations. Natural grassland 

324 - Forest and semi natural areas. Scrub and/or herbaceous vegetation associations. Transitional woodland-shrub 

331 - Forest and semi natural areas. Open spaces with little or no vegetation. Beaches, dunes, sands 

411 ï Wetlands. Inland wetlands. Inland marshes 

511 - Water bodies. Inland waters. Water courses 

512 - Water bodies. Inland waters. Water bodies 

 

On the other hand, according to Stewart and Oke (2012) and Saviĺ et al. (2013a), developed a climate-based 

classification system based on the earlier studies from the last decades, as well as a thorough review on the empirical 

heat island literature and world-wide surveys of the measurement sites with their surroundings. This methodology was 

used for describing the local physical conditions around the temperature and relative humidity measuring field sites on 

the territory of Novi Sad and its surroundings. The elements of this system are the ñlocal climate zonesò (LCZs) and in 

Novi Sad is defined seven LCZs. 

 

 

STUDY AREA 

Novi Sad is located in the northern part of Serbia (Vojvodina Province) (45
Ü
15ô N, 19

 Ü
50ô E). The investigated area is 

plain (mostly from 80 to 86m a.s.l.) on Holocene sediments with a gentle relief, so generally, the climate is free from 

orographic effects (Unger et al. 2011a; 2011b).  
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According to Koppen-Geiger climate classification, the region around Novi Sad is categorised as Cf climate (temperate 

warm climate with a rather uniform annual distribution of precipitation) (Kottek et al., 2006). In Novi Sad, the annual 

mean air temperature is 11.1
Ü
C with an annual range of 22.1

Ü
C. The mean annual precipitation amount is 615 mm (based 

on data from 1949 to 2008). Novi Sad is the second largest city in Serbia and has a population of 285.756 inhabitants 

(data from 2009) in a built-up area of approximately 60 km
2
 (Saviĺ et al. 2013b). 

RESULTS  

A GIS analysis of Corine Land Cover impacts on UHI  

Based on previous research of Unger et al. (2011a, 2011b) and Popov and Saviĺ (2010) there are nine different zones of 

annual mean UHI temperature intensity in area of Novi Sad (0ÜC, +0.5ÜC, +1ÜC, +1.5ÜC, +2ÜC, +2.5ÜC, +3ÜC, +3.5ÜC 

and +4ÜC). Evaluation of zones is based on quantification of land cover patches in each zone, and this research is 

focused on the comparison of artificial surface impacts on each. The main result is land cover patches analyse with 

highlight on artificial surfaces impact on increasing temperatures in Novi Sad (Figure 1).  

 

Figure 1. Annual mean UHI temperature intensity and CLC of Novi Sad 

The zone of 0ÜC of UHI intensity occupies 37.11ha, and it is 0.64% of the total urban area (Table 1). This is external 

zone and the smallest one, with climate conditions the most likely as rural area in Novi Sad surroundings. 

Number of patches (NP) in 0ÜC zone is 7. That is 3.78% from all patches in research area. That means this zone is 

moderate fragmented compared with other zones. Total area of artificial surfaces (112, 121, 141) encompass 36.12% of 

0ÜC zone. 
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Table 1. 0ÜC zone of UHI temperature intensity 

Class NP CA % 

242 1 12.6 33.96 

141 1 10.31 27.80 

411 1 6.69 18.05 

112 1 2.70 7.29 

311 1 2.48 6.66 

511 1 1.94 5.22 

121 1 0.39 1.03 

Note: NP ï number of patches; CA ï class area; MPS ï mean patch size 

 

The area of 0.5ÜC zone occupies 661.46 ha, that is 11.35% of the total urban area (Table 2). 

NP in 0.5ÜC zone is 43. That is 23.24% from all patches in research area. That means this zone is extensively 

fragmented compared with other zones. Total area of artificial surfaces (112, 121, 141, 142, 122) encompass 26.76%. 

Even this is smaller than in the 0ÜC zone, the impact of artificial surface is more evidence because there are five 

artificial surfaces patches. 

 

Table 2. 0.5ÜC zone of UHI temperature intensity 

Class NP CA % 

211 6 170.81 25.83 

511 1 102.28 15.45 

242 7 95.76 14.48 

112 4 85.57 12.94 

121 5 52.41 7.93 

311 3 32.70 4.94 

141 2 28.08 4.25 

231 4 27.57 4.17 

411 3 23.50 3.55 

324 2 16.47 2.49 

243 2 8.33 1.26 

142 1 7.75 1.17 

331 1 7.03 1.06 

122 1 3.13 0.47 

512 1 0.069 0.01 

 

 

The area of 1ÜC zone occupies 975.35 ha, that is 16.74% of the total urban area (Table 3). 

NP in 1ÜC zone is 44. That is 23.78% from all patches in research area. That means this zone is extensively fragmented 

compared with other zones. Total area of artificial surfaces (112, 121, 141, 142, 122, 123) encompass 54.36%. 

Comparing with previous zone, percentage of area under the artificial surfaces is higher for 27.6% and temperature is 

higher for 0.5 ÜC. 
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Table 3. 1ÜC zone of UHI temperature intensity 

Class NP CA % 

112 4 325.41 33.36 

242 8 128.17 13.14 

121 6 120.00 12.30 

211 6 93.26 9.56 

511 1 84.68 8.68 

141 3 67.94 6.95 

243 3 46.23 4.73 

311 1 30.96 3.17 

324 3 29.96 3.07 

231 2 13.44 1.37 

331 1 11.58 1.18 

142 1 9.22 0.94 

122 1 6.57 0.67 

512 1 5.67 0.58 

411 1 1.22 0.12 

123 1 1.00 0.10 

321 1 0.035 0.01 

 

 

The area of 1.5ÜC zone occupies 886.79 ha, that is 15.22% of the total area (Table 4). 

NP in 1.5ÜC zone is 36. That is 19.46% from all patches in research area. That means this zone is extensively 

fragmented compared with other zones. Total area of artificial surfaces (112, 121, 141, 122, 123) encompass 77.47% of 

1.5ÜC zone. Comparing with previous zone, percentage of area under the artificial surfaces is higher for 23.11%. 

 

Table 4. 1.5ÜC zone of UHI temperature intensity 

Class NP CA % 

112 4 513.68 57.92 

121 5 90.82 10.24 

242 7 45.85 5.17 

243 3 43.13 4.86 

511 1 42.58 4.80 

141 2 35.69 4.02 

122 3 35.27 3.98 

324 2 27.41 3.09 

211 4 23.25 2.62 

311 1 13.45 1.52 

123 1 11.59 1.31 

512 1 2.96 0.33 

331 1 0.95 0.11 

231 1 0.16 0.02 

 

The area of 2ÜC zone occupies 852.22 ha, that is 14.63% of the total urban area (Table 5). 

NP in 2ÜC UHI zone is 27. That is 14.59% from all patches in research area. That means this zone is moderate 

fragmented compared with other zones. Total area of artificial surfaces (112, 121, 122, 123, 141) encompass 90.95% of 

the zone. Comparing with previous zone, percentage of area under the artificial surfaces is higher for 13.48%. 
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Table 5. 2ÜC zone of UHI temperature intensity 

Class NP CA % 

112 3 572.49 67.17 

121 5 145.21 17.04 

122 3 34.56 4.06 

511 1 32.96 3.87 

242 4 24.08 2.83 

123 1 16.70 1.96 

243 3 9.76 1.15 

141 1 6.17 0.72 

324 2 3.94 0.46 

211 2 3.27 0.38 

512 1 2.33 0.27 

311 1 0.75 0.09 

 

The area of 2.5ÜC zone occupies 914.32ha (Table 6), that is 15.69% of the total area. 

NP in 2.5ÜC zone is 12. That is 6.49% from all patches in research area. That means this zone is less fragmented 

compared with other zones. Total area of artificial surfaces (112, 121, 122, 123) encompass 96.06% of the zone. 

Comparing with previous zone, percentage of area under the artificial surfaces is higher for 5.11%. 

 

  Table 6. 2.5ÜC zone of UHI temperature intensity 

Class NP CA % 

112 2 694.49 75.96 

121 4 126.56 13.84 

122 2 39.62 4.33 

511 1 25.04 2.74 

123 1 17.63 1.93 

242 2 10.98 1.20 

 

The area of 3ÜC zone occupies 705.79 ha, that is 12.11% of the total urban area (Table 7). 

NP in 3ÜC zone is 10. That is 5.41% from all patches in research area. That means this zone is less fragmented 

compared with other zones. Total area of artificial surfaces (112, 121, 122, 123) encompass 99.98%. Comparing with 

previous zone, percentage of area under the artificial surfaces is higher for 3.92% and temperature is higher for 0.5 ÜC. 

Table 7. 3ÜC zone of UHI temperature intensity 

Class NP CA % 

112 2 466.74 66.13 

121 4 187.73 26.60 

122 2 48.49 6.87 

123 1 2.72 0.39 

511 1 0.11 0.02 

 

The area of 3.5ÜC zone occupies 586.71ha, that is 10.07% of the total area (Table 8). 

NP in 3.5ÜC zone is 5. That is 2.70% from all patches in research area. That means this zone is less fragmented 

compared with other zones. Total area of artificial surfaces (112, 121, 122) encompass 100% of the zone. Comparing 

with previous zone, percentage of area under the artificial surfaces is higher for 0.02%. 
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   Table 8. 3.5ÜC zone of UHI temperature intensity 

Class NP CA % 

112 1 553.96 94.42 

121 3 24.92 4.25 

122 1 7.83 1.34 

 

The area of 4ÜC zone occupies 206.19 ha, that is 3.54% of the total urban area (Table 9). 

NP in 4ÜC zone is 1. That is 0.54% from all patches in research area. That means this zone is less fragmented compared 

with other zones, i.e. this zone is not fragmented at all. Total area of artificial surfaces (112) encompasses 100%. 

Comparing with previous zone, percentage of area under the artificial surfaces is the same and temperature is higher for 

0.5 ÜC. 

 

Table 9. 4ÜC zone of UHI temperature intensity 

Class NP CA % 

112 1 206.19 100 

 

 

A GIS analysis of overlapped LCZs and UHI  

Based on research of Stewart and Oke (2012), collected metadata from field works and secondary sources (e.g. aerial 

photographs, topographic maps, published tables of property values, etc.) were used for the definition of LCZ types. 

Each LCZ has to have minimum diameter of 400-1000 m so it does not overlap with surrounding LCZs of different 

structure or cover. Using above mentioned data and methods, seven LCZ types were defined on the territory of Novi 

Sad and its surroundings (Figure 2).  

 
Figure 2. LCZs in Novi Sad 

 

Defined LCZ types are as follows: LCZ 2, LCZ 3, LCZ 5, LCZ 6, LCZ 8, LCZ 9, LCZ 10. All mentioned LCZs belong 

to "built types". 

Overlapped LCZs and UHI shows that the LCZ 5 (open midrise) has the highest share in 4ÁC, 3.5ÁC and 3ÁC UHI 

(74.21%, 38.87%, 26.9% respectively) (Table 10). LCZ 6 (open low-rise) has the highest share in 2.5ÁC, 2ÁC, 1.5ÁC, 

1ÁC and 0ÁC UHI (52.6%, 56.11%, 64.07%, 54.74% and 74.79% respectively). LCZ 9 (sparsely built) has the highest 

share in 0.5ÁC (52.87%). 

Comparing percentage of LCZs in UHI zones it can be concluded that the highest share have zones LCZ 5 and LCZ 6 - 

zones determined as ñopenò (open midrise and open low-rise). 
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Table 10. Overlapping UHI and LCZs in Novi Sad 

% LCZ 2 LCZ 3 LCZ 5 LCZ 6 LCZ 8 LCZ 9 LCZ 10 

4ÁC 11.21 14.58 74.21 - - - - 

3.5ÁC 38.39 15.76 38.87 1.44 5.54 - - 

3ÁC 14.8 10.13 26.9 18.74 19.92 - 9.51 

2.5ÁC 3.26 3.87 23.57 52.6 15.94 0.28 0.48 

2ÁC 2.07 4.15 16.04 56.11 9.95 2.2 9.48 

1.5ÁC 0.99 3.04 7.67 64.07 7.11 12.15 4.97 

1ÁC 0.03 1.35 2.97 54.74 9.16 26.83 4.92 

0.5ÁC - - - 40.48 4.45 52.87 2.2 

0ÁC - - - 74.79 - 25.21 - 

 

Obviously, the highest temperatures are not mostly noticed in LCZ 2 and LCZ 3 (zones determined as compact), which 

means that a new method of defining LCZ have to be supported by high quality monitoring network stations (recorded 

minimum one parameter ï air temperature). 

Therefore, in the future, it is planned to use GIS methods developed by Department of Climatology and Landscape 

Ecology (University of Szeged) for more accurate LCZ mapping of Novi Sad and its surroundings. After this, final 

urban meteorological station sites will be determined and the deployment of meteorological sensors will occur. This 

type of monitoring networks developed in Novi Sad and Szeged and the associated continuous data recording, 

transmission and processing, as well as the real-time public display of the processed data in a spatial (map) form would 

mean a unique and pioneering innovation development in Central Europe. 

CONCLUSION 

According to the results of the urban heat island pattern in Novi Sad the main conclusions of this study are as follows: 

This research examined land cover patches by a set of landscape metrics for area and size and annual mean UHI 

temperature intensity zones. Evaluation of artificial surface ratio values by temperature zones varies from 26.76% to 

100% in densely built-up downtown, and temperatures vary from 0ÜC to +4ÜC. The impact of artificial surfaces on 

increasing temperatures is evident, because in almost all zones (except 0.5ÜC zone), increasing of percentage of area 

under the artificial surfaces indicates the increasing temperatures in the same area. Results show that total area of 

temperature zone is opposite proportional with increasing of temperatures, which indicates that artificial surface impact 

is more effective in smaller zones.  
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Abstract 

The paper describes the validation of selected territorial elements and registration units stored in the basic register of 

territory identification, addresses and real estates (RTIARE). The register, maintained by the Czech Office for 

Surveying, Mapping and Cadaster (COSMC), was launched in middle of 2012 as a key element of the e-government in 

the Czech Republic from the geographical information point of view. The data in RTIARE should serve as the reference 

data for other information systems and therefore there is a strong demand on their topological correctness and 

completeness. In cooperation with COSMC the set of rules that must be kept in the data have been defined. It must be 

said that COSMC has already done some controls of these data however the geometries of spatial features have never 

been used so far. The paper presents several checks that have been done to eliminate the inconsistencies in RTIARE. As 

RTIARE runs on Oracle Spatial the capabilities of this technology were used during the validation as much as it was 

possible. The using default Oracle Spatial functions bring strong advantage in spatial queries evaluation. However due 

to the complexity of some geometrical tasks it was necessary to implement some additional functions as PL/SQL scripts.  

All these techniques and scripts described in the paper are going to be used in the production environment of RTIARE. 

1 INTRODUCTION  

The RTIARE was established in the Czech Republic in 2009 and according to the law its administrator is the Czech 

Office for Surveying, Mapping and Cadastre in Prague (COSMC). The basic Register of territory identification, 

addresses and real estates (RTIARE) serves for the registration of information about territorial features, information 

about territorially evidence units, addresses, territorial identification and information about purpose-built territorial 

features. The register also contains information about the state territory and lower territorial units, information about 

parcels, building objects, address points, parts of municipalities, streets and other public areas and information about 

reference relations. The register is public so it can be used by public administration and public sector as well. 

The aim of the register is to provide the reference data for other systems of e-government and public sector. According 

to the law the data which are stored in RTIARE are considered as reference. Among others it means that RTIARE data 

are topologically valid. It is true for most of data however some topological inconsistencies occur. It is caused by the 

fact that the data are imported into RTIARE from the Information system of cadaster (ISC). The data in ISC are still 

under a topological cleaning (Janecka (2009); Janecka (2008a); Janecka (2008b); Bartos (2010)). 

2 CONTROLS OF RTIARE  DATA DONE BY COSMC  

The Czech Office for Surveying, Mapping and Cadastre has made some controls so far however the geometry of the 

features has not been used except case a) (see below). In particular COSMC has done the following controls (without 

using geometries, just using attribute data): 

 

¶ a) a control of building objects (duplicate definition points of building objects), 

¶ b) a control of streets, 

¶ c) a control of building objects without relation to the parts of municipalities, 
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¶ d) a control of address points without a definition point, 

¶ e) a control of streets without related address points, 

¶ f) a control of unrelated address points on the building objects with entrances. 

 

The outputs of these controls are identified errors which should be repaired by operators. The detail information about 

the above mentioned controls can be found in (COSMC, 2014a). 

3 CONTROLS BASED ON GEOMETRIES  

All the controls are based on a distance analysis. For each control the procedure and table for storing the results of the 

controls were created. The distance analysis is based on the sdo_distance  function that is available by default in 

Oracle Spatial. 

 

The algorithms for following controls were proposed and implemented: 

 

¶ the relationships of address points to the streets and their remoteness, 

¶ the finding of duplicities in address points with relation to various street, 

¶ the control of streets focused on the discontinuity (duplicate streets). 

3.1 Source data processing 

The data from RTIARE are available in the specialized exchange format. Some freely available tools for processing this 

exchange format of RTIARE exist. In the research the tool (ARCDATA, 2013) transforming the exchange format into 

the ESRI geodatabase data format was used. In particular, the exchange format processing was done as follows: 

 

1. Import of exchange format into ESRI geodatabase 

2. Conversion of geodatabase into shapefile  

3. Loading of shapefiles into Oracle database (separate tables with raw source data) 

4. Creation of the data model (using Oracle Spatial capabilities) 

5. Import of data into Oracle Spatial data model 

 

As the testing dataset the data for Pilsen city (the fourth biggest city in the Czech Republic) was used. The testing 

dataset was processed as described above. The final (simplified) data model is captured on figure 1. 

 

 

Fig. 1: The (simplified) data model of RTIARE. 
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3.2 The relationships of address points to the streets and their remoteness 

The aim of this control is finding all the address points which are very probably wrongly located. The decision if the 

address point is located correctly or not is based on the calculated distance between the definition point and connected 

street. 

Unfortunately not all address points have a definition point. In the time the research was done there were approximately 

122 300 of address points without the definition point. The total count of all address points in RTIARE is 2 895 366 

(valid to 15
th
 April 2014) and is still increasing. If the definition point of address point exists then this point is used for 

the control. If the definition point doesnôt exist then the control counts with the definition point of the building object, 

which the address point is connected with. If such definition point doesnôt exist then the definition point of the parcel on 

which the building object is located is used (see figure 2). 

 

 

(a) 

 

(b) 

 

(c) 

 

Fig. 2: (a) definition points (green dots) of address points, (b) definition point (red dot) of the building object and (c) 

definition points (red dots) of the parcels on which the building object is located. 

3.2.1 Practical implementation 

At the beginning the table tab_StreetsAddrPlaces with attributes addrPlace , distance , way and 

evaluation  was created. The attribute addrPlace  contains a code of the address place. The attribute distance  

contains the calculated distance between the definition point and street. The attribute way gives information about the 

type of definition point which was used for the distance analysis. The attribute evaluation  express if the calculated 

distance fulfills the distance criterion.  

 
First, the list (a cursor database object) containing the codes of address points, definition points of address points, 

definition lines of streets and codes of municipalities was defined. Furthermore, such created list is gone through and 

for each address point the distance is calculated by one out of the three following ways: 

 

¶ Way 1 

If the definition point of the address point exists then the distance is calculated using the geometry of this 

definition point. 

The maximum allowable distance is 50 m (a priori set threshold value). 

¶ Way 2 

If the definition point of the address point doesnôt exist, but the definition point of the building object exists, 

then this definition point is used for calculating the distance. 

The maximum allowable distance is 70 m (a priori set threshold value). 

¶ Way 3 
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If neither definition point of address point nor the definition point of building object exist but the connection 

between the building object and parcel exists, then for the calculation of the distance the definition point of 

parcel is used.   

The maximum allowable distance is 100 m (a priori set threshold value). 

 

The calculated distance is compared with the maximum threshold value and stored into the 

tab_StreetsAddrPlaces table. 

 

The testing data contained 23 772 of address points (records) with the defined streets which also have the definition 

line. The way 1 was used for the most of records (23 373). The way 2 was used for 277 records and the way 3 for 17 

records. The distance for the remaining records (105) was not calculated due to the missing connection between the 

building object and parcel. The figure 3 shows that approximately 91.4% of all address points is in a distance smaller 

than 50 m. 

 

 

Fig. 3: Address points and their distances from the street. 

For 49 address points the extreme remoteness from the street was discovered. It means that for these address points very 

probably some other streets in shorter distances exist. If this is true then the building object should get a new address 

point. 

To consider better the correctness of location of address points the table 1 was created. This table takes into account the 

way of calculation. 

Tab. 1: Control evaluation. 

way distance evaluation number of address points 

1 < 50 m satisfy 21 415 

 > 50 m donôt satisfy  1 958 

2 < 70 m satisfy 219 

 > 70 m donôt satisfy  58 

3 < 100 m satisfy 16 

 > 100 m doesnôt satisfy  1 
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The address points which exceed the given threshold should be controlled if their location is right and eventually should 

be replaced to the correct position (i.e. closer street). 

3.3 The finding of duplicities in address points with relation to various street 

According to the law one building object can have one or more of address points. These address points should be 

located at entrances to the building. Theoretically it is not possible that two address points are located at the same 

position or are in a very short distance. The aim of this control is to discover all badly located address points and the 

address points that are in a very short distance from each other. One typical scenario of such error is captured on fig. 4. 

 

Fig. 4: The building object which has two entrances (blue lines) and two (identical) address points (green dot). 

3.3.1 Practical implementation 

At the beginning the table tab_AddrPlaces with attributes addrPlace1 , addrPlace2 and distance  was 

created. The table serves for storing the couple of address places and a distance between them. 

 

First, the list (a cursor databases object) containing all building objects with more than one address point was defined as 

demonstrates example 1. 

 

Example 1: 
CURSOR c_list IS   

  SELECT building_objec t  

  FROM address_point  

  WHERE definition_point IS NOT NULL  

  GROUP BY building_object  

  HAVING COOUNT (address_point.code) > 1;  

 

The cursor is gone through and for each building object two identical lists of address points belonging to this building 

object are created. These two identical lists make a symmetrical matrix. The distances are computed for the all matrix 

elements above the main diagonal. Each computed distance is then stored inside the tab_AddrPlaces table. 

 
Example 2 shows a part of PL/SQL source code for computation of all combinations of address points belonging to the 

same building object. 

 

Example 2: 
--  open cursor  

OPEN c_list;  

LOOP 

  FETCH c_list INTO building;  

  EXIT WHEN c_list%notfound;  

  --  open the list1  

  OPEN list1 FOR  

    SELECT code, definition_point  

    FROM address_point  
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    WHERE definition_point IS NOT NULL  

    AND building_object = building;  

  LOOP 

    FETCH list1 INTO addr_point, geometry;  

    EXIT WHEN list_1%notfound;  

    --  open the list2  

    OPEN list2 FOR  

      SELECT code, definition_point  

      FROM address_point  

      WHERE definition_point IS NOT NULL  

      AND building_object = building;  

    LOOP 

      FETCH list2 INTO addr_point2, geometry2;  

      EXIT WHEN list_2%notfound;  

      --  computation  of the distance and storing into the tab_AddrPlaces table  

      IF  list2%rowcount > list1%rowcount THEN 

        distance:= sdo_geom.sdo_distance(geometry,geometry2,0.1,NULL);  

        INSERT INTO tab_AddrPlaces VALUES (addr_point,addr_point2,distance);  

      END IF ;  

    END LOOP;  

    CLOSE list2;  

  END LOOP;  

  CLOSE list1;  

END LOOP;  

CLOSE c_list;  

END;  

 

The minimal distance (threshold) was set on 1 meter. The address points (for one building object) in a distance shorter 

then this threshold are considered as identical. There were 3093 building objects with more than one address point in 

the testing dataset. 4855 distances were calculated and 849 out of this amount were shorter then threshold. Such cases 

should be further repaired. 

3.4 The control of streets focused on the discontinuity (duplicate streets) 

According to the law the names of the streets in one municipality must be unique, i.e. no two streets have the same 

name. However, in real data, it happens that two or more streets (in one municipality) have the same name. In such 

cases the municipalities should rename such streets. These duplicities in names may cause serious troubles e.g. during 

the navigation of ambulance. 

 

There are several ways how the duplicities arise: 

 

¶ Case 1 

More adjacent municipalities with some equally named streets are joined together. As a consequence the 

duplicities arise. In this case the streets with the same name will be located in various parts of (united) 

municipality (see fig. 5). 
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Fig. 5: The streets (red lines) with the same name within one municipality. 

¶ Case 2 

It can happen that local authority, which is responsible for naming the streets, decides to name a street with 

already existing name. In such case the local authority goes against the law. 

¶ Case 3 

If the e.g. highway development crosses the existing road, then one part of the original (divided) road should 

rename (see fig. 6). 

 

 

Fig. 6: A newly built street can cause the duplicity in names of streets. 

¶ Case 4 

That is the case that one long street exists and then it is decided about renaming of particular parts of the street. 

If not all parts are really renamed then several discontinuous parts of the original street can remain (see fig. 7). 

 

 

Fig. 7: The renaming of streets can cause the duplicity. 
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Czech Office for Surveying, Mapping and Cadaster made the control above the RTIARE however the control used only 

the attribute data, not geometries. The municipalities could use the results of this control but not all duplicities were due 

to the used method (only attribute data) identified.  

3.4.1 Practical implementation 

From the geometrical point of view this problem can be seen as finding of all discontinuous streets. It was realized that 

in most cases particular segments of the street are not stored in order, in which they connect to each other in the real 

world. So it is not enough to go through the particular segments of definition line and test if the following segment 

connects to the previous one.   

 

First, the list (a cursor databases object) containing the codes and definition lines (of the streets) consisting from more 

than one segment was defined as demonstrates example 3. 

 

Example 3: 

 
CURSOR c_list IS  

  SELECT code, definition_line  

  FROM streets  

  WHERE sdo_util.getnumelen(definition_point) >= 2;  

 

There were 820 streets with the definition line consisting from more than one segment in the testing dataset. To decide 

from how many discontinuous segments the street consist of and which segments form the street the table 

tab_streets_comp  with four attributes was defined. These four attributes are: num_segment , assigned , 

distance  and part_geometry . The attribute num_segment is an order number of the segment from the street 

geometry. The attribute assigned  determines a part of the street to which the line segment was assigned. If all the 

segments have the assigned value 1, then it means that the street consists of one continuous line. The attribute 

distance  stores the minimal distance between the previous segment and the actual segment. 

The c_list  is gone through and for each street the specific number of rows in tab_streets_comp is created. 

The number of created rows is equal to the number of segments from which the particular street consists of. The first 

segment has the assigned  value 1 (i.e. the first part of the street). Then the rest of the segments is explored and the 

distance between the stored segment and unassigned segments is computed. If the computed distance for some 

unassigned segment is zero, then this segment is assigned to the particular segment (with the assigned  value 1). If 

there is no zero distance for all unassigned segments then a new part of the street is created. The cycle ends in the 

moment when all the segments have assigned the number of particular part of the street. 

The highest number of particular part of the street (stored in assigned attribute) indicates from how many 

discontinuous parts the street consists of. For all discontinuous parts of the street are also computed the distances among 

themselves. To consider the geometry of the street as acceptable all distances between the streetôs parts must be shorter 

than the threshold value (a priori set 150 m). 

All 820 streets were evaluated and it was found that 87 streets are divided into two or more discontinuous segments. For 

10 streets the distance between two discontinuous parts was bigger than the threshold. These streets must be especially 

controlled and the municipalities responsible for these streets should decide about the renaming of particular streets. 

4 CONCLUSION AND FURTHER WORK  

The proposed and implemented algorithms and procedures described in chapters 3.2 ï 3.4 were successfully tested upon 

the real data. The received results and information which have been gained during the implementation will be used in 

the real production system and will help to increase better topological quality of RTIARE. The future work will be 

oriented on mentioned controls (see chapter 2) which were done by COSMC. These controls were done without using 

geometry which resulted in insufficient results. To receive qualitatively better results it will be necessary also consider 

the geometry of features stored in RTIARE. 
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Abstract 

Nowadays, information is gathered easier and less expensively than ever. On the other hand, more information does not 

always mean better and more efficient information. Combining new information from various sources and previously 

existing data, results in huge amounts of spatial data. Often spatial information received from creators and other users 

is presented in different data formats. Furthermore, even in the presence of certificates, such data may contain serious 

errors in its structure or metadata. This means that if it is to be placed in the data bank without pretreatment and/or 

control, severe problems can eventually occur in its use.  Diverse formats in which spatial data is provided are typical 

usersô problems. Open GIS Consortium Standards are key stones to solving these problems. Another problem is the lack 

of data reporting available spatial information. This can significantly reduce the effectiveness of its use. The concept 

applies to both paper and digital archives. 

Keywords: Spatial data, OGC Standards, Infrastructure for Spatial Information 

BANKS OF SPATIAL DAT A 

Owners of spatial data can be provisionally divided into two categories: creators and users. The first category includes 

large government structures dealing with the creation of digital maps and plans, processing data from remote sensing, 

forming digital elevation models and digital surface models in large volumes. These can also be private companies 

collecting spatial data. What is important for these organizations, is organizing data report to ensure their data safe 

storage, selection and operational transmission to users. 

Larger users have larger areas of interest, which results in significant amount of information. It is important for them 

not only to report and store data, but also to provide quick selection and arrangement of data for a given territory. 

Smaller users also face the need to maintain spatial data bank. Usually, available spatial information is not used 

efficiently. It is not unusual for this to lead to loss of costly information. 

Incoming files for storage can have different formats, different names, but in their essence they are exact copies of each 

other. Take as an example identical data fragment from remote sensing presented in formats TIFF and JPEG. Storage of 

both files is inappropriate. The reverse situation-incoming files for storage have identical names, but essentially differ 

from each other and their replacement is incorrect. 

KB "Panorama" (Moscow, Russia) has developed technology for managing spatial data banks. It is based on the use of 

their own software: GIS "Map 2011" provides access control and preprocessing of data; "Complex for managing data 

bank of digital maps and data from the remote sensing" is responsible for maintaining the bank's spatial information; 

GIS Server and GIS WebService organize access to spatial data; GIS WebServer ensures publication of spatial data in 

the Internet/Intranet. 

The basic principles for operation of the data bank are: 

Incoming data is input in a temporary file and, then, after processing and access control is performed, it is placed in a 

permanent archive, simultaneously creating records in the metadata; 

In accordance with the content the metadata automatically format a peace of available data, which, by means of GIS 

Webserver and GIS WebService can be available for all clients; 

Only an administrator of the bank has access to permanent records; 

Processing query selection and arrangement of received in data can be transmitted to the user or stored in the production 

database, which is accessible to clients through GIS Server or GIS WebService (depending on their access permission). 
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In its essence,  the bank of spatial data is a "complex for managing data bank of digital maps and data from remote 

sensing." It is designed to store, in exchange formats, digital maps and plans of cities, data from remote sensing, digital 

elevation models and digital surface models. 

The software, implemented as a client-server technology, functions with databases PostgreSQL version 9.x in Windows 

operating systems and Linux. 

The main features of the complex are: 

Import control and placement of digital map data and remote sensing in exchange formats; 

Managing the hierarchical structure of the file repository of digital maps and remote sensing data in exchange formats; 

Storing metadata base for digital maps and remote sensing data; 

Visual representation of the status of the data bank amid overview map; 

Quick search for geographical data (region, municipality, location) of the overview map, for its use in overlay 

operations in the selection of the data; 

Automatic selection of digital maps and data from remote sensing of the specified area by specified criteria (scale, 

accuracy, condition of the area, etc.); 

Saving the selected digital maps and images in a specified folder or transmission via FTP protocol for further use; 

Automated forming of reference documents about the state of the data bank and the movement of digital maps and data 

from remote sensing. 

When placing spatial data in the storage, automatic recognition is performed (by information contained in the file itself 

or additionally attached files) about the spatial position of files with the following formats: SXF, RSW, MTW, SHP, 

MIF / MID, TIFF (TIFF with TFW files, or GeoTIFF). 

Along with spatial data exchange formats in the data bank, metadata in XML format can also be stored, prepared in 

accordance with the requirements of the standards "ISO 19115:2003, Geographic information - Metadata" and "ISO / 

TS 19139, Geographic information - Metadata - XML schema implementation". 

The data is secured. Rights and limitations of the users are defined by the system administrator.  

Consumer access to the data bank of digital maps and remote sensing data by web- browsers can be accomplished by 

means of the program GIS Webserver. 

GIS Webserver allows publication of the scheme about availability of digital maps and remote sensing data in the bank, 

review of the metadata tables, execution of queries for selecting data and printing of reports on the data available in the 

repository. 

Maps, as well as most of the popular geoportals like Google, Yahoo, Virtual Earth, Yandex, OpenStreetMap , etc can be 

used as a background for schemes with available data 

INFRASTRUCTURE FOR SPATIAL INFORMATION  

Infrastructure for spatial information (ISI) is a system of basic spatial data, metadata, standards and regulations 

junctions, geo-services for access and sharing of geographic information resources. 

ISI elements can be divided into several interrelated subsystems of software and information resources, constantly 

updated in the process of actualization of spatial data: 

Subsystem for the collection and accumulation of spatial data; 

Subsystem for managing spatial data banks; 

Subsystem for publication of spatial data. 
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In general, a subsystem for collection and accumulation of spatial data provides implementation of technological 

operations about: 

Quality control of digital information; 

Converting in storage formats; 

Forming of spatial databases and metadata bases for spatial information. 

The Professional GIS "Map 2011" software provides implementation of all technological operations at that stage, and 

the "GIS Server 2011" provides a form of distributed data storage and differentiation of access to spatial information. 

Moreover, the program GIS "Map 2011" adds metadata information to a digital map. 

When creating the infrastructure for spatial information, the territorial scope and the need of detailisation are taken into 

account. 

To provide data, different geo-services are used. Cartographical services provide the user with ready-to-use 

cartographic representations of the territory concerned. International standards about cartographic services are WMS 

(Web Map Service) and WMTS (Web Map Tile Service). It is on these mapping services that the work of sites like 

GoogleMaps, YandexMaps and many others is based. Applications of KB Panorama provide access to spatial data 

based on WMS service. For the preparation of tiles (used in geo-service WMTS) the special application ImageCreator is 

used, which provides continuous updates of fragments of images (tiles), characterizing the current state of spatial data. 

Significant advantage when using geo-services is that the end user does not engage in data collection, mapping and 

updates. Instead, they can connect to the service and use it. 

Cartographic services only allow visualization of the data. For further analyses, other mechanisms are required. 

International standards for geo-services providing access to data are WFS (Web Feature Service) and WCS (Web 

Coverage Service). These standards allow not only the map images, but also the spatial object and digital elevation 

models to be obtained, through remote access. The records about spatial objects contain coordinate description and 

attributes and take into account the topology and spatial logical relationships. 

To unify the exchange of spatial data between different systems, the GML-OpenGIS Geography Markup Language 

(GML) Encoding Standard has been developed and adopted as the international standard ISO 19136:2007. 

KB Panorama has developed a specification containing a description of the procedures for using the GML standard. 

KB Panorama has also developed GIS WebFeatureService. It supports mechanisms to create, update, and delete objects 

in the databases of "GIS Server 2011" based on the standard OGC WFS. This allows desktop and web clients to 

visualize and edit GIS spatial data server in real time. GIS WebFeatureService can be installed as an addition to "GIS 

Server 2011", which significantly simplifies the administering. 

GIS WebFeatureService supports the SOAP and REST protocols, which are considered almost mandatory for the use of 

a modern GIS operating on the Internet. Descriptions of spatial objects are transmitted in GML format, in accordance 

with the selected application scheme. To ensure data protection in GIS WebFeatureService, means of data encryption 

are embedded. Data is ciphered with 256-bit key installed for the particular session. This prevents data interception and 

replacement upon delivery in the open channels of communication between the GIS Server and the WFS service. 

Between the WFS service and the customer, data is transmitted in a GML format based on the OGC WFS standard. 

The technology to build infrastructure for spatial information by means of KB Panorama complies with all operative 

legal documents, including (but not limited to) International sets of standards ISO 19100 and the European directive 

INSPIRE. 

GIS IMPLEMENTATION O F THE INFRASTRUCTURE  FOR SPATIAL INFORMAT ION 

In the recent years, there is an increasing need and use of digital maps of the area. This is related to the implementation 

of geographic information systems (GIS), which have provided a fundamentally new approach in dealing with spatial 

data. Present time GIS could be understood as modern computer technology for mapping and analysis of the real world, 

as well as of the events occurring in everyday life and human activity. Establishing a basis for GIS projects allows 

oneself to store not only geographical but also statistical, demographic, cadastral and other types of data, and to apply 

them to a variety of analytical operations. This ensures efficient use of geo-information technologies in the management 

of sites. 
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Such GIS project has been developed by the Russian company "Tsifrovoy rajon" and is embedded in the Moscowôs 

region Ivanovskoe, Russia. 

The district management controls, coordinates and directs activities within its powers stipulated by legislative and other 

normative acts. This ensures a uniform urban policy in the field of construction, land use and environmental protection, 

maintaining safe house environment and technical service conduction, performing current and capital repairs of 

buildings, controlling the activities of the service organization and management companies within the region, etc. 

The average area of the region is a little more than 10 km
2
. Distributed on a territorial basis, information is perceived 

better when objects are depicted on the map. When a particular object is selected, it can be studied from different 

aspects. For example, to review the maintenance paper of a building or to determine its administrative address, to obtain 

data on the administration and management of the building, information about temperature and pressure of the systems 

for hot and cold water supply, heat supply network and many others. 

There is no doubt that, the more detailed a map, the more useful it is. Following the regulations of the Moscow 

government, the city management accepted the use of a single map scale-1:10 000, created and maintained by 

"Mosgorgeotrest". Initially, digital cartographic base contained only the topographical elements represented on maps in 

this scale. Many structural divisions of "Mosenergo", "Mosvodokanal" and others created their own thematic layers. By 

agreement, these layers can be obtained and used for creating digital maps. All information can be used as a reliable 

data for engineering communications, when needed. 

Based on the information gathered, GIS is created on the given region. The main part of the system is installed on 

desktop computers (workspace of specialists). The mobile part of the system is intended primarily for the head and can 

be used on any mobile device. 

The main principles of operation of such a project, created on the basis of GIS, will be examined. 

The main principle of the system is authenticity of the information. It is achieved through continually updating the data 

from primary sources - where information is created. This can be structural or territorial functioning unit and also 

automated workplace for cooperator receiver, whose duties include the renovation of information on specific activity. 

The second principle - efficiency in data transmission. It is the possibility for the head operative and other interested 

parties to receive accurate information online, from the central server where the data is located. Operators deal with 

ensuring high-speed data transmission, as well as stability and reliability of the connection. 

Another important principle of the system is protection of the information. Securing systemsô data privacy is a primary 

concern of any headwork. For this purpose, a password to access information on territorial principle is set - separate 

territory, region, district, etc. 

A comparison between reported and normative documents is implemented in the system, based on the automatic 

calculation of areas, lengths and perimeters of objects from their coordinates. 

The embedded GIS of Ivanovskoe rajon of Moscow consists of two logically interrelated parts. The first part is a set for 

input, processing and control of data. This is the job of employees of state-owned and private enterprises. The second 

part is a complex for publishing  data on the Internet. It is located on the same server as the central database. 

Results from created GIS for a region can be used by residents of the area, the service organization, management 

companies and others. 
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Abstract 

Considering that Kosovo in the last decade has taken a big burst in the regulation of infrastructure in general (national 

roads, historic sites, tourist and recreation sites) and the transition from a communist system where SOEs have existed, 

to a democratic system with private and state ownership then the need for land expropriation in the territory of Kosovo 

is of large. Creation of a GIS model (application) which would help greatly more efficient solution, fast and with high 

accuracy of these matters is the need of time. 

In this paper is presented the work done in the expropriation of over 3000 hectares of land for the Kosovo government 

needs to create a center of winter tourism in the territory of the Republic of Kosovo. For the realization of this task is 

used GIS software packages which allows creation of different maps, statistics and necessary  analyzes for the 

calculation of surfaces and distribution of errors in case of inconsistency of these surfaces between graphical and 

textual database. Data are stored in a spatial data base, whereby they are presented dynamically, accomplished with 

graphics, charts, statistic and forms. 

This system facilitates and accelerates the work largely because many functions (different calculations, equations and 

geometry of parcels) are performed automatically avoiding manual procedures as they have been so far. 

 

Measurements were also made on site using the latest GPS technology with large measurement precision. 

 

Keywords: GIS, GPS, Expropriation, Map, Parcel.    

1 INTRODUCTION  

The development of the touristic center in Brezovice has been recognized as a project of paramount national interest, 

important for the economic development of Shterpce Municipality and to the national economy alike. The forecasted 

area of development shall be provided from the Kosovo government, with a long term rent of land or concession and 

will cover existing objects for skiing and other accompanying properties and facilitates. 

The overall objective of the Kosovo government for the development of the touristic center in Brezovice is to attract a 

private operator/developer to finance, develop and operate in Sharr Mountains of Brezovice for reputed category 

tourism during the entire year and in a recreative structure for local and international visitors. 

Territory of Brezovice is widely known for a winter season and summer season tourism development, with particular 

interest for the winter season, one of the most appropriate sites for skiing and for summer season for recreational 
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purposes, hiking, etc. Numerous and various disciplines have been brought together; one of them was GIS discipline, 

Cartography and Geodesy for the identification of suitable sites and for widening and building new runways in this area. 

From GIS, starting from cartographic and geodetic data, the digital model of the terrain has been processed and 

analyzed, and as a result some other relevant data were established for the definition of this area and its boundary 

(Figure 1), such as: 

¶ Digital terrain model, 

¶ Creation of the slope model, 

¶ Creation of the exposition aspect, 

¶ Creation of the hill shade model, 

¶ Creation of the solar radiation Oct-May, 

¶ Creation of the model for watershed  and snow sliding 

 

 

Figure 1. Digital terrain analysis 

Following the identification of the location, the elaborate of expropriation of an area from 3300 ha. had to be done. In 

our country cadastral system though it is digitalized, a unification or the integration geo-spatial data (boundaries of 

cadastral parcels) has not been conducted with the data in the immovable property rights register, thus for this reason 

the problems with respect to the expropriation are huge. The requirement for creation of a GIS application on 

management and expropriation of these properties was necessary. 

 

2 METHODOLOGY   

2.1 Collection and research ï analysis data 

The research for creation of this application start with the collection of existing data in the Cadastre and property 

Institution and the following data were provided: 

- Coordinates of geodetic referent network 

- Topographic Maps 

- Ortophoto  

- Vectorial cadastral plans (shp, dxf) 

- Register of immovable properties in the format (ms acces, ms exceland hard copies), 

- Certificates of Immovable properties and measurement outlines for all divided parcels, sub-divided if 

discrepancies exist,  

- Data on property claims or similar ones,  

- Data on the manner or the process of the construction of buildings, 

- Factual data on actual use,  

- Geographic data and of cultivation or the destination  

- Other relevant data for buildings 
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2.1.1   Topographic surveying  

Upon the provision of all required data for the realization of the project, geodesic measurements on existing objects 

were conducted, localization of various cultivations within the parcels, other data related to expropriation and 

introduced in the digital mapping. Geodesic measurements are implemented by employing the most recent technology 

of GPS, with an accurate precision of measurements Ñ2 cm. Geodesic measurements are developed by referring to the 

system of positioning for Kosovo-KOPOS.  

2.1.2   Collection of Data  

In such project where a collection of new data and a regular update is a prerequisite, it is necessary to determine the 

easiest method for collection and update. With the modern technology it has been made possible that collection of these 

records to be carried out in the field directly through mobile devices such as PDA. These devices enable to install 

various softwareôs and application for the collection of the data required. One of the very usable and adequate software 

in this field is the product of ArcPAD (Figure 2). 

ArcPAD is an application installed in the devices and that enables access to the database, in maps and GPS. Through 

the ArcPAD the following actions were carried out: 

¶ Collection of data in the field accurately and reliable data (as for objects and its characteristics),  

¶ Collection of geographic data and photography (GPS and digital camera). 

 

                                                   

Figure 2. Surveying software (ArcPAD) 

2.2 Geodatabase design 

 

With all these provided data next step was to design a geo-database that would support all the data provided from the 

institutions and the data collected in the field via geodetic measurements and surveys. Geodatabase design was based on 

some common steps through GIS basic principles with ArcGIS Diagrammer (Figure 3). Geodatabase design involves 

organizing of geographic information in series of data based on layers that can be integrated using geographic location. 

Geodatabase design begins by identifying the data themes to be used, and we must specify the contents and 

representations of each thematic layer. 

Initial steps that we have to take in order to design a geodatabase are as follows: 

¶ Feature and data identification that will be included in geodatabase 

¶ Definition of KosovaREF01 coordinate system and representation of spatial feature 

¶ Definition of table structure and attributes, that means attribute field identification and column type. Also can 

include code list in attribute, connection ï relationship with tables and subtypes, by means of which can be 

ranking and classification of attributes. 

¶ Geodatabase design documentation ï in order to describe geodatabase design we can use different methods as 

drawings, documents and diagram scheme METADATA. 
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¶ ArcGIS diagrammer enables a valid and stable geodatabase design, detail design of each attribute field and its 

type, extension of geospatial feature, code list for attribute, categorization with codes, special table creation 

with textual data, creation of connections between tables with textual and spatial data, integration of raster 

format in server.      

¶ Testing of design and its documentation could be done with diagrams, schema report; however the most 

important thing is xml format through which the placement of the design in the SQL server could be made. 

In geodatabase design it is foreseen to be migrated all collected data before expropriation. It was designed also the 

output features after expropriation. 

 

 
 

Figure 3. Geodatabase diagram (ArcGIS Diagrammer) 

2.3   The process of land expropriation 

Expropriation procedure is performed by using GIS packages which allow digital mapping, statistics and analysis that 

are needed for the calculation of surfaces and distribution of errors in case of inconsistency of these surfaces between 

graphical and textual database. As a basic need is supposed to compile the organization of expropriation process which 

the work will be based on (Figure 4). 
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Figure 1. Process of land expropriation (organogram) 

 

2.3.1   Data Migration (Extract Transform Load) and the analysis 

After data collection and the geodatabase designing, another important step is migration of these data in geodatabase. 

Data types which will migrate in geo-database are: Ms Excel, Ms Access, dbf, Shape file. For extraction and loading of 

these types into the geo-database it has been created a program called ETL tools (Figure 5). 

The program unless it does the migration of the data, also does the transformation, calculation, division or their merger, 

creating reports of how many data are migrated successfully or how many unsuccessfully, for example (Figure 6):  

- The calculation of the differences in the area between graphical and area in textual ownership certificate (Table 

1). 

- Generation of the report for the successful migration of entities 

- Generation of the report for the unsuccessful migration of entities 

- Generation of the report for lack of appropriations in graphic part etc.  
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After executing the ETL model we gain report for successful migration: 

 

 
                              

Figure 2. Model of ETL                                                       Figure 6. ETL report 

 

 

 

 

 

 

 

 

Table 1.   Area differences between graphical and textual data 

 

These errors have subjective and technical character; we handle these problems based on the professional standards, 

best cadastral practices and on the law on expropriation (Table 2).  

 

Parcel_no Area_geom (mĮ) Area_RDPP (mĮ) 

Tolerance (mĮ) 

Ȣᶻ ═▌▄▫□ 
Difference (mĮ) 

═▌▄▫□ ═╡╓╟╟ 

720 46149485 46148579 Ñ 6793 + 905 

 

Table 2. The tolerance of the differences between graphical and textual data 

 

After analyzing errors we conclude that expropriated data meet the condition of allowed error where difference of the 

areas in graphical and textual data is 9ari 05mĮ, value which is within the permissible (Table number 4). 

2.3.2. Creating a Program (tools) for expropriation 

The program for the expropriation of the parcels is made in order that the calculation and division of the parcels inside 

the expropriation zone and those who remain outside the expropriation to be done quickly, easy and accurate. In 

execution of the Tool for expropriation is needed to assign only 4 input parameters (inputs as seen in blue color 

scheme). Input parameters are (Figure 7): 

1. Parcel Before (polygon), 

2. Expropriation footprint (polygon), 

3. Owner (table),  

4. New Owner ïGovernment (value). 

Cadastral zone Parcels Area RDPP (mĮ) Buildings Area(mĮ) 

Berroc II 17 2725832 47 5447 

Verbeshtica 110 12548674 10 3708 

Gotovush± 1 3845025 0 0 

Jazhinc± 10 8594291 1 76 

Shterpca 582 18434758 9 279 

5 720 46148579 67 9510 
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Figure 7. Tools for expropriation 

 

After setting the input parameters, tool automatically makes processing and gives results as follows: 

1. Parcels after expropriation  

2. Owners after expropriation, 

3. Land Culture after expropriation 

4. Buildings after expropriation 

5. Reports. 

The scheme or tool model for expropriation is described as (Figure 8): 

¶ 1
st
 step: it defines the polygon of the expropriated border with parcel polygons and as result we gain a traits 

class with cute polygons. 

¶ 2
nd

 step: from the class of cut polygon distinction we do partition in two feature classes of polygons that are 

inside and outside the expropriation border. 

¶ 3
rd
 step: from the feature classes of polygons that is inside the expropriation border we unify to new owner 

(expropriating authority) 

¶ 4
th
 step: from the feature of the polygon classes outside the expropriation we unify with the old owners before 

the expropriation 

¶ 5
th
 step: we unify these two feature classes 

¶ 6
th
 step: we define the new parcel numbers and we calculate the expropriated area from ownership certificate 

All those steps with this tool we can do by one command. 

After executing the tool we gain these results: 
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Figure 8 Maps of parcels after expropriation 

Based on the border of the expropriation zone from total of 720 parcels which are subject of expropriation process, 

turns out that 644 parcels will be expropriated completely (therefore all these parcels are completely inside the 

expropriating border), while 76 parcels are intersected with the border of expropriation area where are created 178 

parcels, from them 91 parcels are inside the border of expropriation area and 87 parcels remain outside of expropriation. 
It is worth to mention that 87 parcels which are outside the border of expropriation area (Table 3), their new status is in 

full compliance between graphical with the part that will remain in ownership certificate. 

 

Parcel analyses out of expropriation 

Parc_no DǊŀǇƘƛŎŀƭ ŀǊŜŀ όƳчύ w5tt ŀǊŜŀ όƳчύ ¢ƻƭŜǊŀƴŎŜ όƳчύ 5ƛŦŦŜǊŜƴŎŜ όƳчύ 

87 12471990 12471990 ҕ3532 0 

 

Table 3. Parcels out of expropriation border 

 

While to the expropriating authority now belongs 644 parcels which should be completely expropriated and 91 which 

are created by dividing with the line of expropriation, it means there are 735 parcels for expropriation. The non-

compliance between the graphic area ownership certificate remains inside the expropriation (Table 4). 

 
 

Analysis of expropriated parcels 

Parc_no 
Graphical area 

(mĮ) 
RDPP area (mĮ) Tolerance (mĮ) Difference (mĮ) 

735 33677495 33676589 Ñ5803 +905 

 

Table 4. Parcels within expropriation border 

 

From the total of 67 buildings that are within the parcels subject of expropriation, the expropriation border includes 65 

buildings, while 2 buildings remain outside of expropriation border. Below it is presented a table of the new situation in 

table format and map of the parcels after expropriation (Table 5). 
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New situation based on cadastral zones 

 Included in expropriation  Out of expropriation 

Cad zone 
no 

Cad zone 
name 

Parc. 
no 

RDPP area 

(mĮ) 

Build. 
no 

Area 
ōǳƭŘΦ όƳчύ 

Parc. 
no 

RDPP 

area (mĮ) 

Build. 
no 

Area 
ōǳƭŘΦ όƳчύ 

72717005 Berroc II 17 2725832 47 5447 0 0 0 0 

72717014 Verbeshtica 116 10907855 8 3054 23 1640819 2 654 

72717023 DƻǘƻǾǳǎƘš 1 2141 0 0 1 3842884 0 0 

72717043 WŀȊƘƛƴŎš 11 4423028 1 76 3 4171263 0 0 

72717094 {ƘǘšǊǇŎŀ 590 15617733 9 279 60 2817024 0 0 

   735 33676589 65 8856 87 12471990 2 654 

 

Table 5. New parcels after expropriation 

 

2.3.3. Situation after expropriation, drawings, tables 

The system makes it possible to generate reports, drawings, and tables, directly from the processed data after 

expropriation is completed. 

Creating ownership registry reports. The registry contains information table with parcel before and after 

expropriation (Figure 9), cadastral parcel sketch in map format (Figure 10), buildings within the parcel with the 

appropriate information (Figure 11).  

 

 

Figure 9. Cadastral parcel information before and after expropriation 
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Figure 10. Sketch of cadastral parcel                                 Figure11. Sketch of the building within the parcel 

 

Creating a statement for parcels that are expropriated.  

After creating of ownership registry and table of expropriation, it is created the statement of the parcels that will be 

expropriated in order to appear more general information for parcels that are in expropriation (Table 6). This statement 

may serve for purposes of preparing the relevant documentation for parcels that will be expropriated and for other 

preparatory purposes. 

 

Table 8. Statement of the parcels that will be expropriated 

  



5
th
 International Conference on Carthography and GIS. June 15-20, 2014, Riviera, Bulgaria 

ISSN: 1314-0604, Eds: Bandrova T., Konecny M. 

45 
 

3 CONCLUSIONS 

In the past when no technology methods were using in Kosovo, expropriation process was much harder than now. Maps 

were created on papers and register for properties and owners were on some manuals, displaying the old and new 

situation with few information. After the 2000s where some CAD software starting to be implemented for land 

expropriation projects, the way of working also started to be more easier, appropriate and accurate. After these years 

until now many of CAD and GIS software versions were developed. Most of projects related to land expropriation were 

realized by CAD software, where maps where created separately from textual data. 

After the Kosovo war, country started to be built, many infrastructure projects were implementing, and as a result there 

were also many land expropriation projects. Seeing the immense need for implementing many land expropriation 

projects we started to apply GIS software, because there were some very good tools for such projects. ArcGIS enables 

to design a geodatabase with all available data, managing, analyzing and mapping them in the best possible way.  

The best GIS application was created for Brezovica land expropriation project. Through this we have realized the 

project in a record time and with high professionalism. The result were 3367 ha expropriated, and 735 parcels with new 

cadastral borders. Based on that, we think that using GIS application for land expropriation projects it is not anymore 

only a solution, but the best ever solution used in Kosovo. 
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Abstract 

The region of North-West Bohemia (the Czech Republic) is a heavy industrialized region with chemical, mining and 

other types of heavy industry. The open-pit mines have a deep impact on the surrounding environment as they are 

affecting a large area. They are totally changing the shape of the landscape, its structure and hydrological network. 

Large water dams, built as sources of drinking water, open-pit mine reclamations, for river regulations or as water 

sources for chemical industry are the other type of human structures affecting a wide area. As a case study was selected 

the open-pit mine Tuġimice and the water dam Nechranice located next to each other. Wide range of various maps (ca. 

1720 ï 1981) were processed, georeferenced and hand digitized. The reconstruction and analysis of this area of interest 

is focused on three main topics ï georelief, land-use and hydrological network. All the resulting data are offered to the 

public as a web-mapping application built using the ArcGIS API for Flex technology.  

INTRODUCTION  

In the region of North-West Bohemia (the Czech Republic) have been for the last 100 years affected almost all the parts 

of the environment. The open-pit brown coal mining followed by the heavy industrialization and huge water dam 

structures has completely changed the shape of the landscape. The georelief is dramatically changed during the open-pit 

mining followed by land-use change, hydrological network displacement and settlement extinction. The anthropogenic 

activity is thus influencing not only landscape structure but as well the social, cultural and historical sphere of the 

environment. [13] The main aim of this research is to describe in detail the development of our study area that is 

influenced by the anthropogenic activity in the two very significant ways ï open-pit mine Tuġimice, surrounded by 

reclamations and power plants and water dam Nechranice located almost at the edge of the coal mine. 

 

Fig. 1 The Tuġimice brown-coal mine 

The area of interest (140 km
2
) is located in the south-west part of the Most brown coal basin (see Fig. 2) in-between 

towns KadaŔ and Chomutov. The active brown-coal mine N§stup Tuġimice is covering ca 14 km
2
 and the water dam 

Nechranice 13.4 km
2
.  The brown coal mining in this region began in the end of the 18

th
 century using the primitive 

ways of mining. The intensive open-pit mining has started after the 2
nd

 World War. In the 1960ô ï 1970ô were built in 

the close surroundings to the brown-coal source four large power plants ï Tuġimice 1 (output 660 MW, shut down in 

1998), Tuġimice 2 (800 MW), Prun®Śov 1 (440 MW) and Prun®Śov 2 (1050 MW) [1],[2]. The water dam Nechranice 

(built in 1960ô)  is situated ca. in the middle of OhŚe river flow (103.4 km) containing the total volume of 9.5 million m
3
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of water (one of the Europeôs biggest rockfill dams) and  having the longest damming in the Central Europe (3280 m). 

The main purpose of this water dam is the water supply for the surrounding industry, power plants and large area 

irrigations [12], [14]. 

 

Fig. 2 Area of interest - current state (2012) and landcape before industrialization (year 1953). Red dots are indicating 

currently extinct settlement. 

Within this paper we would like to present methods for reconstruction of landscape changed by the human activity ï 

this includes Digital Terrain Models (DTM) showing the georelief transfigurations in the different periods of brown-

coal mining, hydrological network and land-use reconstruction based on the old maps and web based information 

system presenting all the obtained results. 

DATA AND METHODS  

The complex reconstruction of area of interest requires processing of large amount of data. The landscape development 

analysis is mainly focused on the three following topics ï hydrographical network reconstruction, land-use 

reconstruction and georelief reconstruction. The work-flow is presented on Fig. 3. 
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Fig. 3 Processing scheme of the reconstruction process 

Processed data 

Old maps of different scale and age are used for purposes of this project. We have covered the area of interest with well 

distributed time-line of the old maps. The oldest processed map is the M¿llerôs map of Bohemia (ca. 1720) followed by 

the 1
st
, 2

nd
 and 3

rd
 Military survey of Habsburg empire (1792, 1894, 1938). The Military survey is presenting the natural 

development of the area until the heavy industrialization. This time-line is well supported by the Stabile cadaster maps 

(1842, 1:2880) containing detailed information about the land-use. 

The time period of heavy industrialization is covered by State map and State map derived in the scale 1:5000 (SMO5) 

from the years 1953, 1972 and 1981. The map contains two main compounds ï hypsography (derived from Base map 

1:10 000) and planimetry (derived from cadastral maps). The hypsography has 1 meter contour interval and thus is well 

suitable for georelief reconstruction analysis. 

 

Fig. 4 Example of processed maps - 2
nd

 Military Survey and Stabile cadaster maps 

Processing (georeferencing) the old maps requires individual approach as each map has to be handled based on its 

characteristics. Different georeferencing methods were applied for obtaining results sufficient for the purposes of our 

project. The most problematic was the georeferencing of the 1
st
 Military survey maps as these maps have no geodetic 

basements. A unique method introduced in [1] based on polynomial transformation was used for georeferencing the 1
st
 

Military survey map sheets preserving the neighboring map sheet continuation. Georeferencing of the other data sources 

was based on large set of identical points (2
nd

 and 3
rd
 Military survey, Stabile cadaster maps) or on the knowledge of the 

map corner coordinates (SMO5 maps). All maps were georeferenced into the Czech national S-JTSK coordinate system 

[5] and visualized by ESRI file geodatabase mosaic dataset which is used to mask the map frame information producing 

a seamless map. An example showing processed maps is on Fig. 4. 

Several datasets of current data were used to complete the processed time-line. The ZABAGED (Fundamental Base of 

Geographic Data) [6] was used for the land-use analysis, DIBAVOD (Digital Base for Water Utilization Data) [4] for 
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hydrological network reconstruction and the Digital Terrain Model of the Czech Republic of the 4th generation (DMR 

4G) [5] for georelief reconstruction. 

Georelief reconstruction and analysis 

Reconstruction of the original shape of the landscape is a very important part of this project. During the years of 

intensive open-pit mining the georelief has been changed in a very dramatic way, which is affecting not only the 

landscape structure but as well the hydrology network and surface water run-off ([1], [10]).  

The georelief is reconstructed using different types of elevation data ï contour lines and elevation points contained in 

the old maps and photogrammetrical processing of old aerial imagery. The current data sources as LIDAR survey, GPS 

point measurements and traditional survey or up-to-date contour lines can be used for the representation of the current 

georelief. Various interpolation methods were tested ([9], [11]) for obtaining the results of sufficient quality. 

Four different time-periods were reconstructed based on the input data. The original untouched georelief is derived 

using the hand digitized contour lines from the SMO5 maps ï year 1953. The contour lines have 5 - 10 meter interval 

based on the terrain characteristics. The second derived DTM is from the 1970.ô where the Nechranice water dam is 

already built and the OhŚe river canyon over flooded. The SMO5 from the 1980.ô are showing the beginning of the 

brown-coal mining. The part with the Nechranice dam is missing as the original maps sheets were missing in the map 

archive. Nevertheless there is no major change of the georelief in the missing part. The current state of the georelief is 

reconstructed using the DMR 4G data. These data represents a picture of natural or by human activity modified terrain 

surface in digital form as heights of discrete points with X, Y, H coordinates in regular 5 x 5 m grid. These data were 

obtained using the LIDAR technology [5]. The resulting DTMs for the year 1953 and 2012 are presented on Fig. 6. 

 

Fig. 5 Hand digitized contour lines used for the DTM reconstructions 
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Fig. 6 Georelief reconstruction in the area of interest. Year 1953 (left) and 2012 (right). 

The project results will be part on an exhibition presenting the landscape changes in the Đst² region to the public. The 

reconstructed DTMs (the original and current state) were printed using the ZPrinter
È
 450 (a 3D printer) in tiles 20 x 25 

cm in the scale 1:50 000. The resulting tiles will be seamlessly covering the Most basin in areas with the georelief 

change. Printed tiles of the area of interest are presented on Fig. 7. 

The analyses of reconstructed georelief are helping in understanding the landscape transfigurations and the total 

influence on the surrounding environment. The differential analysis is describing how is the material transported within 

the area of interest ï during the coal mining process is the top soil layer transported to deposits and further on used for 

reclamations. This process is well described on the analysis results ï the green areas are representing the removed 

(mined) material and the orange areas are representing were the material was added and in the case of the Nechranice 

dam the water depth. The white areas are subject to no change. Example of differential analysis result is on Fig. 8. 

 

Fig. 7 Reconstructed georelief printed on a 3D printer 
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Fig. 8 Differential analysis - years 1953 and 2012 

Hydrographical network reconstruction 

Within the hydrological network reconstruction were hand digitized all the streams and water bodies available on 

processed maps (see Fig. 3). All the elements were identified and digitized using the interpretation key for the 

corresponding map resulting in a vector layer for year processed map. The water streams and water bodies are drawn in 

different ways throughout the processed maps. The M¿llerôs map of Bohemia contains more illustrative representation 

than real information facts. On the other hand is within the frame of the 1st Military Survey the hydrological network 

mapped in a very high detail. In the there are big rivers and as well smaller streams, creeks, drainages, big and small 

lakes. The younger maps do not contain such detailed information about the hydrological network. Maps of the 2nd and 

3rd Military survey contain almost the same elements of the hydrological network. In the later issued of the SMO5 

maps are present natural water streams and as well the artificial ones. The large georelief transfiguration has changed 

the natural water run-off within the watershed. We may expect that due the water pumping within the open-pit mines 

has changed the relations within the underground water and thus the natural circulation was affected.  

The information about the current hydrological network was obtained from Digital Base for Water Utilization data. 

Within our area of interest are located five water streams ï and except the river OhŚe have all other ones the character of 

a creek or a brook. In the region are almost no natural water bodies. The most of them (including the water dam 

Nechranice) were created by the anthropogenic activity. One of the artificial water streams within the area of interest is 

the Ore Mountain supply conduit. This conduit is built as a system of water channels and pipes preventing the open-pit 

mines from being over-flooded by the runoff water from the mountains.  The second one is Industrial conduit 

Nechranice supporting the surrounding industry, energetic and agriculture with the OhŚe river water. Example of 

hydrographical network reconstruction is presented on Fig. 9. Due to limited space within this article are all the 

processed data published within an online web-mapping application accessible at: 

¶ http://mapserver.ujep.cz/Projekty/NAKI_mapy/Nechranice/ 
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Fig. 9 Hydrographical network reconstruction - 1
st
 Military survey and  the current state 

Land-use development analysis 

Comparing the land cover from the past with the current state is one of the most effective indicators of landscape or 

land-use change. The land-use layer digitized from the Stabile cadaster maps (1826 ï 1843) together with the 

ZABAGED data were used for such an analysis in this region (area of 58.2 km
2
). See results in Tab. 1. 

Tab. 1Land-use analysis results 

Land - use 

Representation 

1824-1843 2012 

Area Area  

(km
2
) %  (km

2
) %  

Agriculture land 46,536961 80 9,860094 17 

Forest 0,591932 1 4,145505 7 

Grass fields and pastures 5,279880 9 4,214509 7 

Water bodies 1,649657 3 12,840478 22 

Gardens 0,432399 1 1,394669 2 

Hop-fields 0,131124 0 X X 

Buildings 0,635529 1 0,829939 1 

Power plant X X 1,888307 3 

Open-pit mining X X 20,682107 37 

Sedimentation basin X X 2,378027 4 

Other 2,976153 5 X X 

Total 58,233635  58,233635  

 

The most land was used for agriculture purposes in the past ï 80% of the land cover was used as fields, arable land with 

fruit trees, vine-yards or temporary fallow land. The second biggest land-use group os the grass fields and pastures 

covering 9% of the total area. In the nearness of water bodies we can find the grass fields in the form of wetlands. The 

water bodies are covering 3% of the area of interest and the settlement was mostly located along the rivers. Not so many 



5
th
 International Conference on Carthography and GIS. June 15-20, 2014, Riviera, Bulgaria 

ISSN: 1314-0604, Eds: Bandrova T., Konecny M. 

53 
 

forests were present in this region. The Stabile cadastre maps are not to be used for forestry but anyway they contain the 

information about the forest structure ï in our case were all the trees deciduous. The garden group contains the 

decorative gardens, fruit and vegetable gardens located close the settlement. The group Other is covering gravel-pits, 

quarries, barren land, arable land, bare rocks, communications and other unspecified areas. Within the fields were in the 

Stabile cadaster maps identified frequent temporary formations in the form of elongated landscape elements. They are 

marked as pastures, grass fields with trees or unidentified. This could be the vegetation along the side ditches and roads, 

groves, windbreakers, hedgerows and terraces or other natural obstructions. Thanks to all this parts of the landscape was 

the agriculture land in this region very rugged. The current landscape has changed a lot and has lost its heterogeneity. 

 

Fig. 10 Land-use reconstruction ï left year 2012, right year 1842 

Nowadays is the most part of the area of interest covered by the open-pit brown coal mine which is on the first sight 

visible from the aerial imagery (see Fig. 2). Although a lot of rivers and other water bodies were removed the total area 

of water bodies has raised to 22% - thanks to Nechranice dam construction. These two main groups were created at 

expense of agriculture land ï which has lowered from 80% to only 17%. Visible is as well the disappearance of other 

types of the original land cover ï grass fields and pastures. By removing the original vegetation and the soil profile on 

such a large area has caused the decrease of plant evaporation and removal of water supplies in the soil profile. This has 

caused a substantial change of climatic conditions. Other type of land-cover has disappeared as well ï hop-fields, 

gravel-pits, quarries, rocks, etc. Interesting is the fact the area covered by forest has risen up to 3.6 km
2
 and 2 km

2
 is 

covering the power plant. See the reconstruction maps on Fig. 10. 

INFORMATION SYSTEM  

The main purpose of this project is to present landscape development analysis in the selected region. To make the data 

accessible to a wide range of users are the results accessible online. All the data are published using the ESRI 

technology and are stored in a file geodatabase  and published by ArcGIS for Server 10.2. The data may be accessed in 

two different ways ï as a web mapping application and ArcGIS Rest Services. Only data with valid license are offered 

as ArcGIS Rest Services. OGC map services are considered to be used as well. 

The basemap layers (old maps, orthophotos) are published as tiled (cached) services allowing faster data viewing by the 

end users. The operational layers (vector layers, DTMs) are published as dynamic layers so they are easily transformed 

into another coordinate system within a desktop GIS. All the published data are protected, so the user is allowed to 

view, query or print the data, but not to save them to the hard drive. This allows the user to work with variety of 

processed maps. 

The web mapping application offers the user to view and visually analyze all the processed data for the area of interest. 

The application is built using the ArcGIS API for Flex and is based on the ArcGIS Viewer for Flex. This technology is 

very flexible and presents the data in very effective and feasible way. The application is accessible at : 



5
th
 International Conference on Carthography and GIS. June 15-20, 2014, Riviera, Bulgaria 

ISSN: 1314-0604, Eds: Bandrova T., Konecny M. 

54 
 

¶ http://mapserver.ujep.cz/Projekty/NAKI_mapy/Nechranice   

 

Fig. 11 Web-mapping application environment 

Within the web mapping application the user can view the processed maps as the base layers, switch between them and 

change their transparency. This allows the user to visually compare the presented base maps. There are implemented 

other tools for visually comparing the data ï for example the swipe tool or the ñmagnifying glassò. The user is allowed 

to export the currently viewed data to different graphic formats. See Fig. 11, Fig. 12 and Fig. 13. 

 

Fig. 12 Land-use reconstruction within the web-mapping application (attribute query) 
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Fig. 13Landscape development visual analysis within the web-mapping application 

CONCLUSIONS 

In this paper are presented methods for reconstruction and analysis of landscape influenced by anthropogenic activity. 

Here we focus on georelief and hydrological network reconstruction and land-use development analysis. 

The georelief is reconstructed using the elevation information contained in the old maps. The time-line beginning in the 

year 1953 until the current state was processed. The contour lines were hand-digitized and further on interpolated into a 

DTM. The current state of the georelief was derived from LIDAR data. The georelief development analysis is 

performed using a differential analysis showing the major changes within the area of interest. The resulting DTMs are 

printed on a 3D printer for presentation purposes. 

The hydrological network and the land-use are both affected by the industrialization and open-pit mining. Within this 

paper was hand digitized a complete time-line of hydrological network development since 1720 until nowadays. Several 

maps had to be processed (georeferenced) for obtaining the hydrological network in the vector form. The land-use 

analysis was performed using the Stabile cadaster maps and the current ZABAGED data. The results are presented in a 

table showing the land cover in the different periods. 

All the data processed within this paper are presented as a web mapping application built using the ArcGIS API for Flex 

environment. The user can view the data, make the overlay analysis and change the transparency of the layers. The 

application is accessible at http://mapserver.ujep.cz/Projekty/NAKI_mapy/Nechranice. 

The further research in this region will be focused on DTM derivation preciseness, photogrammetrical processing of old 

aerial imagery and detail hydrological network analysis. This includes analysis of the over-flooded river bank 

sedimentation with the use of underwater radar.  
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Abstract 

The incident occurred on the spatial information orientation, research is relatively weak, and emergency is closely 

related to the geographical location, if we can realize the fast matching between sudden events description information 

and spatial information, completing the event space positioning not only has important practical significance but also 

has important theoretical significance. This paper discusses the emergency text description information habits and the 

space information organization, puts forward several spatial information matching method based on location of 

emergencies, and implement a prototype system of emergency space location information. 

Keywords: Unexpected events; positioning; spatial information; information matching  

1 INTRODUCTION  

Emergency usually refers to the sudden events which are difficult to foresee and prevent, including natural disasters, 

man-made disasters and other injury events which happen suddenly or accidently, such as fire, lightning, earthquake, 

flood and so on. [1] The current domestic and international research for emergencies is mainly concentrated on the 

theoretical study of emergencies and research on some application fields related to emergencies, including prediction, 

evaluation and the construction of mathematical analysis model etc, but both the Spatial information orientation of the 

unexpected events location and the spatial information orientation release are relatively weak. According to relevant 

statistics, more than 90% Unexpected events are often closely associated with geographical location, if the information  

of unexpected events location is quickly marked on the map, the user can visually, vividly understand the geographic 

environment condition surrounding the unexpected events location, which can provide scientific, effective method for 

the leadership decision-making. Through the statistical query to the distribution geographic information of the places 

surrounding where the events occur, it also can provide scientific basis for the rescue and the rescue plan after disaster. 

In recent years, because various kinds of unexpected events have occurred frequently, the emergency response has 

become an important test of the government's ruling ability. Emergency response is a system engineering, and the 

informationôs collection, collation, processing and distribution is one of the most important link of it. Collecting 

information timely, objectively, and accurately, extracting the useful information fast and efficiently, and providing the 

full and accurate reference data for analyzing situation and developing strategy have not only become an important 

aspect to improve the ability to respond to emergencies, but also an important indicator to measure the capacity to cope 

with the unexpected events. Currently, the description about the unexpected events are some news reports and some text 

information released by relevant government departments. How to relate this general text description information with 

geospatial information, construct a series of the spatial information orientation matching method based on emergency 

and realize geographic information fast positioning mechanism based on emergency have an important practical 

significance and theoretical significance. 

mailto:libin@casm.ac.cn
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2 THE CHARACTERISTIC S OF SPACE POSITIONING INFORMATION MATCH ING BASED 

ON SUDDEN INCIDENT  

Mentioned above, more than 90% of the incidents are closely related with spatial location, and the description on 

location where the events take place is general text information, how to relate the general text description information 

with the corresponding spatial geographic information in order to achieve the purpose to realize the spatial information 

rapid orientation of the places where events take place through the text information not only needs the thorough 

understanding the organization method of spatial information, but also masters the universal law of the text description 

information  on unexpected events place, from which the corresponding relationship between the two can be 

established, and then realize the emergency rapid positioning in spatial information, complete the display of geographic 

information on emergencies and expand the geographic information for emergencies service range.  

2.1 The organization characteristics of spatial information aiming at the unexpected events 

Spatial information generally refers to the one that is related with the spatial location and space relation, which usually 

has the following five characteristics: (1) spatial characteristics (2) structural characteristics (3) topological spatial 

relationship features (4) classification and coding features (5) massive data characteristic.  

The spatial information aiming at emergencies not only has the characteristics of the general spatial information, but 

also has its own particularity. (1) with different degree of spatial information needs. According to the different 

description on the places where unexpected events take place, the level of detail to locate the spatial information is 

different, for example when countries report floods, the usual way of the description is that most areas of south china 

and the west of Huaihe suffer heavy rain, which is a severe flood disaster. This situation needs spatial data of small 

scale to display a nationwide flood disaster, but for a place of earthquakes and other natural disasters, it should be 

through the 1:50000 or 1:10000 in large scale data to describe the surrounding geographic information of events, and 

for some specific city emergencies such as fire in a shopping mall, you need to locate a map of the city using large scale 

1:5000 1:1000 or better. Therefore, the spatial data of emergencies, should be managed in parallel according to the 

scale, and different scales of data should be stored in parallel. (2) the different needs of spatial data. Different abrupt 

events need to display different spatial data, such as landslides, landslides and other natural disasters which require 3D 

data of the related events, floods and other disasters which need relevant image data, and the relevant two-dimensional 

vector data can meet the needs when the animal and plant epidemic situation which are similar to bird flu break out. 

2.2 The characteristics of text description information of the unexpected events 

The author carried out a large number of statistics and analysis about the reports related with emergency through the 

Internet, newspapers, radio, television and other media , finding the emergency information describing the place has 

certain rules, generally several ways are used to describe it, (1) described in place, or by the names and direction, offset 

amount of description, such as landslide event, which occurred in Southeast 30 km and  a serious traffic accident 

happened at the place 50 kilometers away from east of a national highway toll station, killing 5 people and injuring 30 

people; (2) Describe in the ways of place names and commonly known as, for example, Shanghai, Hangzhou Ning the 

outbreak of avian influenza (large area; 3)according to the specific events and longitude describe, for example, 108 

degrees east longitude, latitude 36 degrees on the Richter 5.8 earthquake;(4) according to the scope of administrative 

divisions, such as Hubei, Henan, Sichuan, Anhui, Chongqing, Jiangsu, Zhejiang and other places has the rainstorm, 

among which the flood disaster in Sichuan Province  was serious.  

2.3 The characteristics of spatial information orientation of emergent events 

According to event type, event development and degree of event influence, different emergencies are different in the 

range of information and positioning mode on the spaces involved, some emergencies locations only need one point 

elements to represent, such as landslides, a mine collapse, while some emergencies need a planar range to describe, 

such as a river basin flood scope, a river from chemical pollution range. Even in the same event, it may not also be 

consistent due to localization in the spatial data with different scales. For example, the spatial data of a river basin flood 

disasters in small and medium scale can be labeled as linear elements, which indicates that a flood happens in this river. 

However, it should be expressed as a planar range when it appears in the large corresponding scale spatial data, which 

should focus on the affected range of water disaster. 

3 A MATCHING METHOD OF TEXT INFORMATION AND SPATIAL INFORMAT ION 

According to the above analysis on the organizational characteristics aiming at emergency spatial information , the text 

description information of event places and the characteristics of unexpected event space location information, the 
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author realized the matching method by place name location, name localization, latitude and longitude positioning, 

positioning and other four kinds of administrative emergency rapid positioning. In the four methods, the latitude and 

longitude of text description is relatively simple, because the latitude and longitude of text information has already 

provided the specific location of the spatial information, so according to the longitude and latitude information 

described, you can rapidly position the space data, but what the other three ways provide is all relevant place name 

information,  which does not contain the spatial information corresponding to these information, to match the text 

information and spatial information, it is needed to construct the correlation matching channel, matching of text 

information and spatial information through this channel, methods is the establishment of different matching database, 

for example, commonly known as the place name database name data base, data base establishment of administrative 

division, the relation between place names, place names, commonly known as the administrative division and 

geographical coordinates through the database. Place text information retrieval using the geographic coordinates, then 

the geographic coordinate to corresponding to spatial data. It should be pointed out that, whether it is the matching 

coordinate information of location in the database or the spatial data which need to be positioned, there are coordinate 

system, projection difference between different coordinate system, projection, data must be matched by the coordinate 

conversion to, and  it is one of the key of realization of coordinate conversion between geographic coordinates data and 

spatial data match in the database and spatial information orientation specific implementation. 

The following introduce the specific implementation of each method: 

3.1 Place name location, direction and offset 

To achieve the matching of place information and spatial information, first it need to establish the matching relationship 

between geographic information and spatial data, the author adopts the method to establish the place name database, 

through the establishment of database of place names, we associate place names of text information with the names of 

the geographical coordinates. In the place name database, all the place names coordinate data should be based on the 

same kind of projection coordinate system, but according to the above, the spatial information aiming at unexpected 

events should be managed in parallel of spatial data, different scale map projection and coordinate system is not the 

same. The coordinate information retrieved by the geographical names database is not applicable to the corresponding 

space information, it also does coordinate projection corresponding conversion before it is positioned. The place name 

database coordinate information can be transformed   according to the projection parameters of spatial data, and then we 

can position it in the spatial information according to the coordinate information localization, which has been already 

transformed. 

Through statistics of the text description information of emergency events, the author found that the incident, a 

considerable part of the description information, is not simple positioned in some places, but is based on a relative 

orientation deviation information. Therefore, in order to meet the demand of positioning system, the migration options 

on the East, Southeast, South, southwest, West, north, northwest, northeast and other eight directions based on the 

increase in the place name location. According to the coordinate information retrieval in the database with the direction 

of the offset calculated accurate coordinate information for locating. In addition, to consider the use of convenience for 

the user, improve the query speed of place names, the author makes name database managed according to the national 

administrative division code management, to provide users with the province, ground, county three levels of matching 

relationship, and provides a fuzzy query function, the specific interface see left below 1. 

3.2 Geographical localization 

As described above, a lot of text description about events places also use the names called to realize this matching 

method, the author makes the place known as the collection, collation, commonly known as the database establishment 

of names, place names and the names of management as commonly known as the geographic coordinate data. The text 

description information about names commonly known as retrieval, draw the corresponding coordinate information, in 

order to realize the rapid positioning to the function of spatial information, the specific interface as shown in figure 2. 
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Figure 2 

 3.3 Position the latitude and longitude direction, and the offset 

Unexpected events occur if they use the latitude and longitude of description is relatively simple, according to latitude 

and longitude we can convert fast positioning by coordinate projection corresponding to spatial data, it should be 

pointed out here that if, with the direction of migration based on the longitude and latitude location, you need to do 

some processing, as everyone knows, the earth where we live  is an ellipsoid, latitude and longitude is the division of 

people to mark the location of human on the earth, in different latitude and longitude of circumstances, even if the 

number of kilometers deviated in the different directions is the same, the actual distance is far, so if you need to be 

offset in the direction of latitude and longitude, you must change the longitude and latitude into geodetic coordinate 

calculation of offset position, then convert longitude and latitude so that it may be accurate positioned, the specific 

interface longitude and latitude location see figure 3. 

 

Figure 3 

3.4 Administrative regionalization positioning 

Our administration is managed in accordance with the level of province, ground, county, don't classify administrative 

division, the establishment of the national administrative division code unified on administrative division at all levels, 

thus to establish administrative database according to the administrative divisions, it is very necessary to realize 

administrative position  according to the administrative division. System for the administrative established a database of 
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all administrative divisions in strict accordance with the administrative division code management, the administrative 

division, administrative division code and its geographical coordinates association. According to the specific 

administrative division positioning interface below 4. 

 

Figure 4 

 4 CONCLUSION AND PROSPECT  

Making use of Several methods used for spatial information mapping matching, the author developed a positioning 

system Emergencies Based on spatial information, through the system, we can rapidly position the general text 

description information to the corresponding geographic information to realize the display of the space information of 

event places.  

Describe the information I just will burst event on the general analysis of consolidation, but the text of event 

descriptions are not simple these methods can cover, and are different types of emergencies, describe the way all has the 

different characteristic, according to different types of emergencies we should have specific matching method 

information, so it is necessary to have the matching method of event places further analyzed, sorted, refined. 

 For spatial information matched, completing the function of emergency spatial information positioning is the 

realization of the emergency geographic information display, on the basis of rapid positioning events, we should also 

continue to rich other details event information, we can make geographic information statistics and analysis on event 

places, in order to let the system  provide favorable geographic information support and rich leadership decision-making 

basis for emergency disposal and rescue. 
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Abstract 

Spatial information systems use of during the planning process allow formulating models reflecting the current 

situation and performance of tasks formulated for the planned space transformation in the organised and formal way.  

Functionality of GIS desktop tools allows conducting complex analyses and creating full-value cartographic 

presentations. Depending on the level of access awarded, the service user may edit record attributes or view complete 

(restricted) information concerning the selected object and layer. 

The map service adjusted to the needs of planning data presentation will facilitate access of all the interested parties to 

the information, allow interactive contact and rapid data update decreasing at the same time the communication costs. 

The solutions proposed are consistent with the idea of building the information society the main assumption of which is 

to allow all the interested parties uninterrupted access to information of all types. 

 
Keywords: GIS tools, map services, spatial planning, MapInfo Professional  

 

INTRODUCTION  

Spatial planning is one of the disciplines characterised by high level of interdisciplinary elements in both the theoretical 

and practical aspect. Moreover, planning the use of areas we should aim at mutual consistency, complementarity and 

cohesion of the spatial data sets used. 

Maintaining balance between the spatial order, environmental rationality, public acceptance and economic effectiveness 

represents also an exceptionally difficult and complex task. Hence, during the recent years, the increasing focus has 

been placed on informing the public on current bases about the changes taking place in the spatial development plans 

and making that information available in the form of Internet-based map services. Access to spatial information 

influences the development of regions. It translates directly into the economic value of space. It also has strong 

influence on numerous areas of human activities such as economic development, investment projects, nature protection, 

security and others.  

Spatial planning can be characterized as a conscious human action, which is aimed at introducing a specific order in 

space (Korenik and Sğodczyk, 2005). The legal basis of the process of spatial planning in Poland is the Act of 27 March 

2003 on Spatial Planning and Development (Journal of Laws 2012, pos. 647 , with amendments). The system of spatial 

planning is implemented at three levels: national, provincial and municipal. At each level there are guidelines, which 

determine the spatial policy and the development of instruments defining the policy. The Law on Spatial Planning and 

Development also contains detailed regulations guaranteeing every citizen the opportunity to participate in the planning 

process at the municipal level. At the local level it provides two main documents: study of conditions and directions of 

spatial development and local development plan. 

Among the studies concerning spatial management, spatial development local plans established by local governments as 

local laws, are particularly important. The local development plan in the schema of planning document circulation and 

decision-making process is the most important element in the scale of  municipality (Heğdak et al., 2013). The local 

plan, due to its contents, is usually particularly interesting for the local community - it defines in detail  planned courses 

of road sections,  location of land for building, etc. In case of absence of  local development plan the determination  of  

principles of land use and zoning is made on  basis of a decision about zoning and land use. The study presents a 

peculiar concept of spatial development of a municipality and it is always preceded by adoption of a local development 

plan. The system, constructed in this way, allows socialization of spatial planning process. 

mailto:krystyna.kurowska@uwm.edu.pl
mailto:hubert.kryszk@uwm.edu.pl
mailto:ewa.kietlinska@imagis.pl
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When preparing the aforementioned documents applies strictly defined by law scheme on how to inform citizens about 

ongoing work. A prefect, a mayor or a president of a city are required to actively inform the public about  beginning of 

each preparation of planning documents. Typically, this is information about beginning to undertake work and  period 

of so-called insight to the public (at least 21 days) and during this time public discussions about the draft plan adopted 

solutions and consultations are held. Prefects, mayors and presidents have also obligation to set up a deadline in which 

individuals, corporations and other business units will have the opportunity to comment on the draft plan. All 

appointments and deployments should be made available to the local public in good time and in the way described in 

the Act. 

Access to the above-described information is however often difficult. Planning documents, in most cases, are only 

available in a local government office where you can see details of a project and read the accompanying documents. 

Sometimes graphic and narrative projects are also available on  BIP pages, what substantially simplifies access to plans 

for local community. Also on BIP websides there are deadlines specified by which proposals and comments on the final 

form of a spatial development plan can be made. Thus, to be able to actively participate in decisions that shape the 

nearest environment, you must keep track of newsletters not to miss a relatively short period in which the citizen has the 

opportunity to participate in the planning process. In practice, announcements and invitations published in this way turn 

out to be ineffective. This is mainly due to the fact that local and territorial governments are unable to meet the demands 

and needs of local communities and investors seeking a specific location in given territory. Technological progress 

forces them to become more flexible and open to citizensô needs.  

Spatial planning is one of few areas that both the theoretical and practical aspects are largely interdisciplinary. 

Developed by KoŦmioski and Piotrowski general definition of planning is that: planning is a process of determining the 

directions of conscious actions and making decisions based on objectives, facts and well thought out assessments. 

(KoŦmioski and Piotrowski, 2000). Extremely difficult and complex task is to maintain a balance between spatial order, 

ecological rationality, social acceptance and economic efficiency. This is especially important in case of local 

governments, whose primary task is to create spatial and socio-economic development. Activation of local communities 

in the process of creating space seems to be , therefore, an indispensable factor in the case of spatial planning. 

The development of information technology and the information society seems to be the best solution in terms of 

allowing residents to interact in the formation of the plan. Spatial planning, spatial analysis and geovisualisation 

(presentation of geographical information on maps, sections, models) are useful data extracted from geoinformation 

web services. These services are also known as geospatial services, spatial data services or geodata services (Sudra, 

2012). Geo-information services are an implementation of GIS technology on the Internet. They allow users access to 

spatial data regardless of the hardware platform and software. Thanks to modern technology, users can enjoy access to 

data anywhere in the world. 

GIS IN SPATIAL PLANN ING 

Spatial planning coordinates the processes associated with social, economic, environmental and cultural spheres in one 

cohesive space. It seems therefore natural to use tools that allow collection, processing and analyzing the input data. 

This type of functionality is provided by the GIS (Geographical Information System). According to the definition: 

Geographic Information Systems (GIS) are used to capture, collect, integrate, analyze, verify, transfer and share spatial 

data (geospatial) describing our world and the occurring phenomena. GIS allows taking control over all information of 

spatial nature (geoinformation). (http://pdf.helion.pl/gis2/gis2-2.pdf) 

Correct placement of various kinds of interdisciplinary information,  in one relational database, makes   the planning 

process much easier. The ability to use data in different formats and forms (vector data, raster WMS) increases the 

effectiveness and attractiveness of the tool. The accuracy of the scale developments achieved by GIS systems makes 

them the most effective tool for the preparation of local development plans or studies of conditions and directions of 

spatial development planning. 

The biggest advantage of GIS seems to be, however, the possibility of their use for public consultation process relating 

to the planning proceedings (often referred to as PPGIS). Extensive simulation and analysis possibilities, characteristic 

for this type of system, let users publish and visualize data in an accessible way. Information directed to the potential 

recipient should be clear, understandable and easily digestible. It is not without significance, in this case, the possibility 

of adding attribute information for each object and layers displayed, at any given time, on the map. The possibility of 

choosing any method of visualization also increases the readability of the project. Data visualization in GIS systems 

makes them available to the public consultation and allows multithreaded analysis of planning documents. 

In the Web-based environment with basic GIS functionalities, the map becomes dynamic, interactive and accessible to a 

wide selection of users as a visual communication tool (Dragiĺeviĺ, 2004).  
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INSPIRE 

Technological revolution intensive progress in recent years and rapid development of network services resulted in a 

significant increase in demand for organized and structured data in an electronic form. In addition, technological 

development has significantly influenced popularization of computerization and easier access to information technology 

which is effective and efficient in operation. In parallel, the constant development of measurement techniques (eg, GPS, 

LIDAR) allowed automation of the process of acquiring spatial data. 

Only the latest solutions and technologies are able to conduct the tasks related to the management of information 

resources, their storage and sharing. In a way, these technologies have made a breakthrough in the collection and 

processing of spatial information. 

Trying to keep up with the constantly growing demand for information for citizens, investors and public institutions, as 

well as seeking to organize and systematize information about space at both local and global level, on March 14th, 2007  

European Parliament and European Council adopted the Infrastructure for Spatial Information in the European 

Community (Directive 207/2/WE - INSPIRE) . Transposition of this Act implementing Directive on national levels , is 

the law on spatial information infrastructure (No 76 of 2010, item 489) enacted on March 4, 2010. IIP must therefore 

act in accordance with local, Polish needs and at the same time be a part of the European system , which is designed to 

ensure proper co-operation between Member States. 

All the European Union countries are required to build solutions and structures for managing spatial data at any level, 

structures that will enable  integration and sharing of resources from various sources. The structures will allow wide 

range of users to select and search  information and use data with every application. The above-mentioned requirements 

define the main objective of INSPIRE, which is to create a pan-European access to spatial information . The main idea 

is to increase and improve the mechanisms for access to the data, thereby providing information to the public. The data 

is made available to consumers in the form of locally and globally built Geoportals. Of particular importance in this 

regard is section 19 of the Directive: Experience of Member States shows that for the successful implementation of 

infrastructure for spatial information it is important to make available free to the public a minimum number of services. 

Member States should therefore make available free of charge , as a minimum , search services and, under certain 

specific conditions, viewing spatial data sets  

(http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2007:108:0001:0014:pl:PDF ).  

Issues relating to spatial planning and infrastructure for spatial information are interconnected at two levels. First, the 

IIP is an extremely rich source of information about the area, which is necessary for the scheduler in the process of 

creating the master plan. In the near future IIP - with their data resources, methods and technologies, standards and 

processes, will be a basic workshop for each planner. On the other hand, spatial development local plan in itself is a 

very important information. Consistent with the objectives of the Directive, this information must be open and 

accessible to every citizen of the European Union. According to the records of INSPIRE spatial planning is defined as 

"the territory characterized according to its current and future planned functional dimension or socio-economic 

purpose (e.g. residential , industrial, commercial , agricultural, forestry , recreational)". 

Act IIP, INSPIRE Directive and the implementing regulations (existing and planned), in the field of spatial 

development, directly or indirectly define the conceptual framework of legal, organizational and technological 

solutions. It seems natural to use GIS in spatial planning . Due to the characteristics of the system, which allows 

integration of both spatial and descriptive data, the user is able to formulate models that through structured and formal 

way reflect both the status quo and the planned transformation of the space. 

Well-defined and described structure implemented by INSPIRE will allow to use more formal methods of designing. 

Experience and workshop on the other hand, which have been the basis for planning transformation of the space so far 

will no longer be as important as in the up to date planning process . 

The combination of GIS and mapping portals that provide local communities with planning developments will allow for 

full digitization of data. Written information attached to each set and object that defines in detail assignment of 

individual areas (residential, industrial, commercial, agricultural , etc.) will allow comprehension of map data to 

individuals without specialist knowledge in planning, and direct access to information using internet browsers breaks 

the barrier of their inaccessibility and  will allow access to planning materials for a  wide range of recipients. 

Pod wzglňdem operacyjnym , aktywne podejŜcie w planowaniu sŃ promowane ze wzglňdu na wydajnoŜĺ i skutecznoŜĺ, 

waluty, znaczenie , reakcji i ich rzekomej niskiej cenie . Udziağ spoğeczeŒstwa powinien r·wnieŨ wspieraĺ poczucie 

wğasnoŜci i zaangaŨowania planu jego realizacji (McCall and Dunn, 2012). 

http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2007:108:0001:0014:pl:PDF
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WEB GIS 

Web GIS is an extension or application based on client / server model, in which spatial data is available in publicly 

accessible environment 

(http://www.researchgate.net/publication/220387889_Multicriteria_Spatial_Decision_Analysis_in_Web_GIS_Environ

ment/file/32bfe50f7bcb95a81d.pdf ). The development of innovative Web-based Geographic Information Systems 

(Web GIS) applications for visualizing spatial data over the Web often implies custom software implementation 

(Iosifescu and Hurni, 2013). The development of service-oriented architecture has stimulated construction of 

geoinformation systems for searching and visualization of spatial data. The basic assumption of the system is the 

possibility of user interaction with the content of a displayed map, for example selection of an appropriate background  

map , changing a display screen, obtaining information about chosen subjects. This could be, for example, information 

about destination of different areas, presence of protected areas, number and capacity of investigated population. It is 

still problematic to process spatial data facilitated by the services. A breakthrough in the development of GIS systems 

can be cloud-based processing system providing resources through the services of the IT infrastructure (Wojnowski, 

2010). 

WebGIS systems seem to meet 100% the stated here requirements. A recipient using a web browser and simple tools 

accesses spatial databases and advanced GIS tools. Typically, such systems are built on the basis of a 3-tier architecture 

, which consists of: 

- user interface, 

- an application server, 

- a database.  

 

Figure 1. General scheme of Web GIS. 

 

A system user sends a request to the server to provide a map, giving exact parameters under which it is to be displayed 

(such as area, size, scale, etc.). At the time when the server receives a request, the application server runs all necessary 

programs and resources dating back to the database to generate a new map image. Because the map is generated 

dynamically, the user has the possibility to decide on the content of the map. Data sources are of course endless, 

depending on the specifics of the system they can display any map material in any format and size : raster , vector 

collections, databases, the results of GIS analysis and other background maps derived from any source on the network. 

To create a more advanced system it is required to enhance the map service by implementation of additional database. 

A frequently used method is geotagging what is the process of combining geographical coordinates with other data such 

as news, documents, or other information associated with the user-specified geographic coordinates . 

The advantages of the presented solution is undoubtedly the speed of the system - the data is stored and processed on 

the server, which typically has  much greater computational capabilities than the users' computers.  Another advantage 

is the ease of use - for viewing map data you only need a simple Web browser. There is no need to install additional 

plug-ins or applications. 

Interesting solution in Web GIS systems is the use of an average customer, which in many respects works similarly (the 

data is processed on the server, the software displays only the result of processing). However, it requires the user to 

install special plug-in that allows you to use much more advanced functionality (supporting different data formats, the 

ability to interact with the map, advanced GIS). The third, last and probably not used in Web GIS service type of 

http://www.researchgate.net/publication/220387889_Multicriteria_Spatial_Decision_Analysis_in_Web_GIS_Environment/file/32bfe50f7bcb95a81d.pdf
http://www.researchgate.net/publication/220387889_Multicriteria_Spatial_Decision_Analysis_in_Web_GIS_Environment/file/32bfe50f7bcb95a81d.pdf
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application is a thick client, which assumes that the server is the only provider of data, and the whole process of 

processing takes place on your computer. 

In the context of spatial planning and involving local communities in the process of creation of local development plans 

ideal solution would be to allow comments to be analyzed on this very stage. Exposure of the project in the form of 

cartographic visualization, evaluated by the community, helps to meet their expectations for the directions of landscape 

transformations. Confrontation of map image with conclusions after discussions about  proposals provide a basis for 

appropriate management of space in a given area. More and more institutions implement the service of browsing 

development plans and feasibility study. A simple example of such implementation of this solution is a portal built by 

the City of Siemianowice ślŃskie. 

 http://siemianowice.geoportal2.pl/map/www/mapa.php?CFGF=wms&mylayers=+granice+# 

 

Figure 2. Geoportal Siemianowice ślŃskie. 

In addition to browsing the cadastral, address (Dzikowska and Nowak, 2009) or hight data portal also proposes access 

to the local development plan and feasibility study. Unfortunately, the only source of information on the area is a legend 

from the list of available layers. In addition, it is possible to inspect the contents of the relevant resolution.  A very 

similar solution is proposed by portal run by Zory, available at: http://www.geoportal.zory.pl/mapa/map.php?link=406  

 

Figure 3 online city plan of Zory. 

 

http://siemianowice.geoportal2.pl/map/www/mapa.php?CFGF=wms&mylayers=+granice+#

http://siemianowice.geoportal2.pl/map/www/mapa.php?CFGF=wms&mylayers=+granice+#
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Unfortunately, also in this case access to the tabular data associated with particular sets and objects is not possible. In 

addition, the legend concerning different elements of the plan is only available with a choice of window layers, which 

significantly deteriorates readability. 

 

One of  more interesting solutions, according to the authors, currently offered within the framework of WMS services 

provision is the portal run by the City of Szczecin, available at: 

http://gis.um.szczecin.pl/UMSzczecinGIS/chapter_85039.asp 

 

 

Figure 4 Spatial planning - Szczecin. 

 

The portal offers a lot of thematic layers, starting from the plan of the city, by a set of acoustic maps to the historical 

maps of the city. Smooth search allows you to locate objects on a map based on a particular street name or address . In 

the case of local development plan,  info button appearing in the main window of the browser allows you to view details 

about the selected object. These are mainly: the name of the plan and the number of the resolution initiating the plan , 

the date of the resolution and a link to its full contents . Enrichment of the map with layers for the study of conditions 

and directions of spatial development and enrichment of the user interface with interactive messaging would allow 

citizens to submit comments regarding the proposed land management and would provide better decision-making 

process and would allow the local communities and investors to actively participate in the planning process. 

Other global solutions that enable you to create and publish Web data sets are created by users such as GoogleMaps and 

Google Earth . Up to date they are not used at all in the process of planning data publication. In the future, potentially 

interesting platform , which opens up various opportunities for contacts with the locals is also a mobile map - an 

application for mobile phones and mobile devices. 

SUMMARY  

Image is the most universal communication tool. Regardless of geographical location, language barriers and cultural 

roots it allows in a clear way to  present certain phenomena. Developed in GIS systems image of a plan is a legally 

recognized method of presentation, so that the information addressed to the average reader becomes understandable and 

does not require special training or developing additional forms of presentation. 

Commonly built Geoportals, databases and metadata bases, provide the first integration of a variety of types of 

information gathered and updated by the public administration sector, research and development institutions and private 

organizations, and secondly allow widespread, rapid and transparent access for different types of customers. Cloud 

processing is a response to the growing need for fast and flexible access to the current spatial information. 

 In conclusion Polish experience in the implementation of the INSPIRE Directive and building infrastructure for 

spatial information system, in accordance with EU guidelines, it should be noted, that the systems are fragmented (only 

some of the municipalities and a limited range of available data). Currently, the most commonly available data for 
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planning are: information about the address data, drawings of local plans, spatial arrangement of issued decisions on 

building conditions and land use, which prejudge the allocation of land in the absence of a local plan, as well as  

information about available and planned investment areas. Another example of the use of mapping services are also 

tourist maps, especially in areas with high natural and landscape values. 
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Abstract 

Rampant cartographic products and their applications in recent years have led to many attempts to assess the 

reliability and accuracy of the information they provide.Unfortunately, everytime a new dataset is imported, the map 

also inherits its errors.The assessment of the accuracy of the maps has never been ignored, but the scope of this concept 

has expanded considerably in recent years. 

This publication attempts to theoretically analyze and summarize the problem and some conceptual ideas regarding the 

definitions ofmap accuracy,map precision and map quality, as well as the criteria for their evaluation.  

In order to achieve the mentioned objectives, in this report: 

A New Generalized Scheme for Map USE is suggested. 

A New Method for Map Assessment is described based on its main characteristics: Readability, Thematic accuracy, 

Positional accuracy, Temporal Accuracy, and Stability of mentioned characteristics. 

Two Types of Evaluation Criteria are proposed: with and without weight coefficients. 

Experiments were conducted in order to confirm that such assessments could be made for both real and virtual maps. 

The assessments themselves only take a few minutes and the result thereof is useful before undertaking any further 

action on the development of the map. The analysis of map quality itself helps improve the map quality of new maps. 

 

1. MAIN DEFINITIONS  

 

Accuracy is the degree to which information on a map or in a digital database matches true or accepted values. 

Accuracy is an issue pertaining to the quality of data and the number of errors contained in a dataset or map(Foote and 

Huebner, 1995). 

Precision referstothemeasurements and exactness of description in a geographic maps. 

It is possible to consider horizontal and vertical accuracy with respect to geographic position, as well as to attribute 

conceptual, logical and temporal accuracy. 

-  The level of accuracy required for particular applications varies greatly; 

-  Highly accurate data can be very difficult and costly to produce and compile; 

-  High precision does not indicate high accuracy nor does high accuracy imply high precision. But high accuracy 

and high precision are both expensive. 

(Foote and Huebner, 1995). 

Precisely localized digital data shows the location in parts of the units. Precise attributive information provides features 

concerning the drawing objects and phenomenasingreatdetail. 

The Reliability of mapsis their ability to provide a true solution to the problem. The closer to the truth is the result, the 

more reliable is the study.The assessment of reliability in quantitative terms is a quite complex and often uncertain task, 

insofar as scoring errors depends on many factors, some of which are determined via mathematicaltheory of errors and 

mathematical statistics.Some maps do not have an accurate assessment and can only be evaluated using subjective 

criteria such as experience, habit& others. 

The variety of scientific and practical problems solved with maps consistently requires an individual approach to the 

assessment of their reliability. Therefore, universal criteria are inapplicable. The specific reasons and the main sources 

of error for this phenomenon are (Berlyant, 2003): 

-  Conceptual: inaccuracy , incompleteness or other faults of the source concepts , incorrect interpretation of the 

data; 

-  Communicational:misunderstanding or incorrect perception of thoughts and ideas , vaguely defined tasks and 

conclusions; 

mailto:ppenev@gmail.com
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-  Geographic: uncertainty or conditionality in spatial boundaries or temporal boundaries of the sites studied in 

the maps; approximate representation of trends for their change in time and space, etc; 

-  Mapping: inaccuracies of the maps in which research is carried out; their deficiencies and aging; 

-  Technical: measurement errors, imperfection of instruments and other equipment, software , databases 

insecurity. 

When working with mapping information, many errors and inaccuracies are inevitable, but can be reevaluated. It is 

important to note that errors and inaccuracies occur at all stages of use of the map: the staging of the task in the 

preparation of and  the process of obtaining information and in the final stage, the interpretation of results. 

On the basis of accuracy results obtained from all studies in maps, they can be conditionally divided into three groups 

(Berlyant, 2003): 

 

-  Precise studies, in which measurements and calculations are carried out with maximum accuracy. Meticulously 

recorded and, if possible, errorless. Test measurements and calculations (with different software and operators) 

are performed. 

-  Studies with an average accuracy,where in reference it is assumed that the error of the results should not 

exceed a certain allowable limit. Errors smaller than the specified accuracy are not reported, which reduces 

labor intensity and operation time. Of note, excess accuracy and unjustifiable practical aims of the study is a 

serious methodological omission. 

-  Approximate studies performed with low accuracy, generally required for estimates. Estimating is commonly 

used to plan the next , moreaccurateresearch. 

Two additional terms are made use of(Foote and Huebner, 1995): 

-  Data quality refers to the relative accuracy and precision of a particular GIS database. These facts are often 

documented in data quality reports. 

-  Error  encompasses both the imprecision of data and its inaccuracies. 

Moellering (1977, 1980)describes theclassesofRealandVirtualmaps inthefollowingway: 

¶ Real Maps:directly viewable, hard copy - topographic sheets, globes, thematic maps, 3-D solid 

surface carvings, block diagrams, etc.; 

¶ Virtual Map Type I: directly viewable,not hard copy - computer displays, video projector displays, 

virtual CAVEs, dynamic glasses, mental maps (2, 3-D cognitive images); 

¶ Virtual map Type II: not directly viewable, hard copy - anaglyphs, gazetteers, stored holographic 

images, stored Fourier transforms, CD-ROMs, DVDs, etc.; 

¶ Virtual Map Type III: not directly viewable, not hard copy - Digital Terrain Models, spatial 

databases, computer memory, magnetic tape, cartridges, cassettes, etc., and mental maps(itineraries, lists of 

directions, etc.). 

 

2. SOURCES OF ERRORS 

 

Foote and Huebner (1995)indicate that there are many sources of errors that may affect the quality of a GIS (map) 

dataset. Some are quite obvious, but others can be difficult to discern. Few of these will be automatically identified by 

the GIS itself. It is the user's responsibility to prevent them.  

¶ Self-EvidentError s: 

Age of data -  Currency (Data compilation date, Map complation date), Mapping period, Elapsed time, Temporal 

stability of features; 

Areal Cover - Data on a given area may be completely lacking or only partial levels of information may be available for 

use; 

Map Scale - The ability to show detail in a map, its level of accuracy of detail. 

Density of Observations-The number of observations within an area is a guide to data reliability. An insufficient number 

of observations may not provide the level of resolution required to adequately perform spatial analysis and determine 

the patterns. 

Relevance - A valid relationship between the surrogate and the phenomenon. 

Format -Methods of formatting digital information for transmission, storage, and processing may introduce error in the 

data. 

Accessibility-  to data is not equal. What is open and readily available in one country may be restricted, classified, or 

unobtainable in another. 
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Cost - Extensive and reliable data is often quite expensive to obtain or convert. Initiating new collection of data may be 

too expensive for the benefits gained in a particular GIS project and project managers must balance their desire for 

accuracy with the cost of the information. True accuracy is expensive and may be unaffordable. 

¶ ErrorsfromNaturalVariation or from Original Measurements:  

Positional accuracy - Positional accuracy is a measurement of the variance of map features and the true position of the 

attribute. 

For example , the measurement error of the areas on a paper map can be considered as formed by the action of the four 

component errors (Penev , 1989): 

-  Mapping error (error in the position of the picture on the map); 

-  Instrumental error (error of the means by which measurements are made); 

-  Error in the measurement itself (holding  the tablet / measurement marks incorrectly); 

-  An error in calculation. 

The last 3 types of errors can be considered technical. The final evaluation of positional accuracy 

canbeexpressednumerically. 

Accuracyofcontent - Qualitative accuracy refers to the correct labeling and presence of specific features. 

Sources of variation in data - ʄeasurement errors induced by faulty observation, biased observers, or miscalibrated or 

inappropriate equipment. 

¶ Errors from DataProcessing: 

Numerical Errors, Errors in Topological Analysis, Classification and Generalization Problems, Digitizing and 

Geocoding Errors. 
 

3. MAP USE 

 

The process of map use can be illustrated with the generalized scheme below: 

 

Figure1. Generalized scheme for map use. 
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Maps and other cartographic representations of spatial information are used in practically all spheres of human activity , 

at that - in different ways by different users , using different tools. A map can be used to solve a specific task and to be 

therefore unsuitable for addressing another one. 

On the other hand, nowadays there are huge cartographic databases and archives of map information that are valuable 

and in many cases - indispensable sources needed to solve a specific data problem. Considering a map as a data channel 

for transmitting the spatial information inevitably leads to the striking conclusion that the information at the output of 

the "map" is more than the information of its input. At first glance this seems to contradict the fundamental law of 

computing, however, it should be noted that in this case each map user brings his knowledge, information, and more to 

reach the desired result. 

4. CRITERIA FOR ASSESSING MAP QUALITY  

 

When designing a new map, designation is the main factor that determines its content. The quality of the finished maps 

is primarily evaluated on their degree of practical suitability. Of course, maps exercise their effect via their aesthetic 

qualities too, so amongst other factors their shape and ease of use (interface with electronic charts) are important as 

well. 

The main criteria for a comprehensive assessment of the map according to Berlyant (2003) are: 

-  Expediency of the chosen dimensions and projections; 

-  Authenticity of the map, its scientific merit and the logic of construction of its legend ; 

-  Completeness and modernity of the contents; 

-  Geometric accuracy of the position of objects (planning, height) ; 

-  Quality of the design of the map; 

-  Quality of printing. 

It is worth noting that these criteria are fair to the conventional printed maps. They can be supplemented by the criteria 

of evaluation specified by Moellering ( 2007) , for instance, by a number of software and hardware parameters in terms 

of virtual maps. 
Sinceinmanycases it is both necessary and sufficient that the map precision is defined only to a quality degree, we 

suggest a different approach. 

Letuschoosegeneral evaluation criteria. Their number should not be large, nevertheless, they should cover the concept 

of map quality in its entirety: 

Å Criterion C1, Readability. Main characteristics - time to find the information sought; 

Å Criterion C2, Thematic accuracy - accuracy of object classes; 

Å Criterion C3, Positional accuracy - accuracy in determining the position of objects; 

Å Criterion C4, Temporal accuracy - relevance of information of interest to a specific time or time interval 

Å Criterion C5, Stability of accuracy - consistence of C1, C2, C3 and C4 on the entire map. 

Letusintroducenumerical scores for each criterion from 1 to 5 (1 - poor, lowest, 5 - excellent, best). The ideal map 

would get the highest score Rmax: 

 

 

RMAX = ʉ1max+ʉ2max+ ʉ3max+ ʉ4max+ʉ5max = 25 (1), 

 

and the lowest score will be 5. Values between them can be calculated by combining the criteria C1, C2, C3, C4 and C5 

in various forms so that their sum is an integer from 6 to 24. The best maps should have an R max score of more than 

18, where the value of each of the individual criteria is at least3. 

Below is a graphic example of the results of the evaluation of such maps. The study was conducted with a group of 17 

students, 11 men and 6 women (same age and educational training). The assessment of Map 1 is that of one sheet of 

educational topographic map 1:50 000, color offset print paper made according to Bulgarian state standards. Map 2 is 

an analyzed tourist map, and Map 3ïan internet map from a popular site. All three maps are of the same territory. 
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Thesecriteria , however, carry varying significance foranyspecificactionwith a map. Therefore, weight of the criteria has 

to be introduced that will be different depending on the problem being solved. For example, if the map is for car GPS 

navigation , the evaluation can be: 

 

 

RN = 1.5C1 + 0.5C2 + C3 + C4 + C5    (2), 

 

 

and a soil map used by professionals to design anti-erosive events : 

 

 

RS = 0.75C1 + 1.5C2 + 0.75ʉ3 + C4 + C5    (3) etc. 

 

 

Yet another possible approach is to select reference maps (patterns) and to compare their analyses. In this case the 

criterion can be only one - degree of correspondence between the used map and the standard of comparison. 

Each assessment has a great deal of subjectivity, whereby it depends heavily on the evaluators. Therefore, a map can 

receive different assessments for two main reasons: its practical orientation/use and the user viewpoint bias. Increasing 

objectivity can occur through introducing quantitative values as indicators and involving more possible customers for 

the analysis of a map. 

5. CONCLUSIONS 

 

Contemporary cartography gains much of its power from being able to collate and cross-reference many types of data 

by location. The data are especially useful because they can integrate many discrete datasets within a single system. 

Unfortunately, every time a new dataset is imported, the map also inherits its errors. 

By the means of investigations and their analyses, we found that an increasing number of maps need a quality 

assessment made by formal criteria. 
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In this report:  

¶ A New Generalized Scheme for Map Use is suggested. 

¶ A New Method for Map Assessment is described based on its main characteristics: Readability, 

Thematic accuracy, Positional accuracy, Temporal Accuracy and Stability of mentioned characteristics. 

¶ Two Types of Evaluation Criteria are proposed: with and without weight coefficients. 

Experiments were conducted to confirm that such assessments could be made for both real and virtual maps. Such 

assessments only take a few minutes and can be usefully applied in advance of undertaking any further actions with a 

map. The analysis of map quality of new maps itself helps increase their quality. 

Future works: More users should be involved (ordinary users and specialists) in order to improve the procedure of map 

assessment. In this context, all the activities concerning VGI (Volunteered Geographic Information) are essential: 

research programs (COST Action TD1202 (European Cooperation in the field of Scientific and Technical Research, 

Action TD1202 Mapping and the Citizen Sensor), studies, publications, commentaries, etc. 
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Abstract 

Route planning services for visually impaired people need precise information of the paths and obstacles of all kind that 

can be found while walking. The ARGUS project is presented, whose objective is guiding people with visual 

impairments by using binaural sounds, and offering personalized routing services. The spatial datasets used are 

heterogeneous. A base routable network for five European cities was prepared from OpenStreetMap, and in two of 

them, a more detailed cartography was included. In addition, ARGUS users can upload, categorize and share new 

points of interest and tracks. Users are encouraged to set their preferences according to which type of street elements 

they find helpful, hazardous or neutral, for a personalized route calculation. Therefore, this work describes the 

methodology used for handling all the spatial datasets involved. The paper would also like to put the focus on a 

growing interest about quality digital cartographical data for pedestrian use. 

INTRODUCTION  

Route planning services for blind and visually impaired people must rely on detailed pedestrian cartography 

datasources, containing precise information of the path and several obstacles of all kind that can be found while 

walking. In terms of quality and availability, digital maps for pedestrian use are way too far from those targeted to 

vehicles or driver oriented.  

The ARGUS project is presented in this paper as an example use case. The main objective of this project is to guide 

people with visual impairments in urban and rural environments with the help of binaural sounds. The developed 

prototype relies on a Smartphone application running a navigation algorithm to generate non-disturbing 3D sound 

instructions according to the desired GPX file, previously loaded. Different spatial datasets are used by the ARGUS 

server to generate and enhance these GPX files which contain route points that describe paths and informative points of 

interest along the way.  

The heterogeneity of the datasets in the project consists in the existence of diverse spatial data sources and their diverse 

formats. First, a base routable network topology for four testing cities in five European countries has been prepared 

from OpenStreetMap, extracting and linking walkable street segments. Moreover, in two of the cities, a more detailed 

cartography has also been made available by individual city providers, with geographic information such as precise 

sidewalks, road crossings and different types of street furniture elements. In addition to this, through the accessible user 

interfaces, ARGUS users are able to add, categorize and share new points of interest they know in advance or they have 

found on route.  

A set of spatial attributes have been defined in order to classify the most relevant and significant types of urban 

elements for the blind and visually impaired pedestrians. These elements are represented in the database as geographical 

point or lines, and users are encouraged to set their preferences according to which type of objects found in the street 

have a helpful effect to them (such as tactile pavements), negative (as bollards) or neutral effect during the activity of 

walking from one point to another. This preference configuration is crucial because of the differences in levels of visual 

impairment and skills from one user to another. 

The ARGUS server hosts the software modules that are in charge of offering web services consumed by the 

Smartphone application and the user website during the three travel stages: before, during and after navigation. For 

example, all the spatial layers, and the user preferences are combined by these software modules whenever a user 

requests a new route creation, to calculate the best path to go from the specified origin to the destination. This 
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calculation is done by a database driven shortest path function over dynamically weighted street segments or edges. 

Depending on the helpful or negative points that are mapped to an edge, its cost changes (negative points increase it, 

while helpful points decrease it), thus the suggested route for the same origin/destination pair may be different from one 

user to another. 

Therefore, on the one hand, this paper describes the methodology used in the ARGUS project for handling all the spatial 

datasets involved, automatically prioritizing the best cartography available in each city and enhancing this by user data, 

with the aim of offering a personalized routing and navigation solution. On the other hand, this work would also like to 

put the focus on a growing interest about quality digital cartographical data for pedestrian use, which will allow new 

applications to help on several aspects of everyday life. 

ROUTING SERVICES FOR PEDESTRIANS WITH DISABILITIES  

Different constraints determine the way of generating suitable travel paths for users with difficulties on everyday 

mobility. Obtaining the shortest route from an origin to a destination, according to distance or time, is the most evident. 

But the condition of each individual user, thus, their ability is essential to determine if a route is appropriate or not. In 

the special case of visually impaired and particularly for blind pedestrians, safety is one basic requirement as many try 

to avoid big, crowded, and noisy cross-ways and would thus accept a longer but safer route [1]. 

Assistive solutions for pedestrian navigation have been studied intensively since the 1980s. The MOBIC system [2] for 

example, offered a pre-journey system for route planning and exploration. Commercially available navigation systems 

specifically developed for visually impaired user such as Humanwareôs Trekker [3] or Sendero GPS [4] use map data 

previously optimized for car navigation. U-Access [5] provides a web-based system for the routing and prescriptive 

analysis of pedestrians with different physical abilities within built environments.It provides pedestrians with the 

shortest feasible route with respect to one of three differing ability levels, namely, peripatetic (unaided mobility), aided 

mobility (mobility with the help of a cane, walker or crutches) and wheelchair users.  RouteCheckr [6] is a client/server 

system for collaborative multimodal annotation of geographical data and personalized multicriteria routing of mobility 

impaired pedestrians. Another example is Mobility Support GIS, which can support a variety of pedestrians including 

elderly, disabled, pregnant, and infant users. It provides area and route accessibility information for all pedestrians with 

the newly developed universal-designed accessibility database of terrains and facilities on roads [7]. 

The ARGUS Project 

The ARGUS project [8] was born with the aim of developing a solution that provides new means of pedestrian 

navigation for users with visual impairments. It relies on a satellite based navigation (GNSS/EDAS ï EGNOS Data 

Access System) mobile application for people with impaired visual capabilities, guiding them along pre-defined tracks 

using binaural sounds. It introduces an innovative guidance support system based on the provision of a non-intrusive 

virtual-lead-line perception. This offers a more natural ñtrack navigationò instead of the classical ñwaypoint or route 

navigationò which is used for car navigation or people with all visual capabilities. ARGUS, thus, is more than a route 

planning service, but its cartographical and routing aspects are described in the present paper. 

The ARGUS server (or Service Platform) offers Web Services to access the different remote functionalities available in 

the system, such as route creation or personal points uploading and editing. The Service Platform uses a PostgreSQL [9] 

database to store all the spatial and non-spatial information (with postGIS and pgRouting). In the following sections, the 

different layers involved in the route generation process are described and the methodology to handle them is shown. 

CARTOGRAPHY LAYERS  

Four kinds of spatial layers are used in the project (see Figure 1). 

L0: The Base Network is the geographical data needed to create the base spatial layer upon which the routing network 

topology is built. This base layer in ARGUS is taken from OpenStreetMap, one of the most known crowdsourced open 

source map service worldwide, with good coverage in Europe. The prototype consists of cartography in the following 

cities: Soest (Germany), Vienna (Austria), Madrid (Spain), San Sebastian (Spain) and Portsmouth (UK). 

L1: City Data is an optional dataset available is some cities providing extra accurate geospatial information. In this 

prototype, data for Vienna (Austria) and Soest (Germany) is available. 

L2: A Track is an ordered sequence of points that describe a path. This can be generated using the route calculation 

module, or uploaded to the system after recording it using a GNSS receiver. It can be a GPX file, and can also be 

represented as a linestring in the ARGUS database. On one hand, the route calculation module generates a GPX file for 
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an origin - destination pair on each request (called route) based on the cartography and the Points of Interest; on the 

other hand, the User Terminal can record a real path (called track) performed by the user and upload it to the system for 

later use (instead of creating a new route) or sharing it with the community.  

L3: Points in ARGUS are both Generic POIs obtained from the cartography providers, and personal points that users 

can upload to the system. They can be classified according to different categories. Also, user points are classified into 

three possible natures: GREEN (private personal points), BLACK (shareable negative points) and WHITE (shareable 

positive points). The negative or positive nature of a point influences the calculated route. Some categories of Generic 

Points of Interest can also have a default nature of WHITE or BLACK, if they should be treated as points to avoid or as 

helpful points (like acoustic zebra crossings).  

 

Figure 1. Type of layers in the ARGUS system 

CREATION OF A ROUTABLE NETWORK  

As mentioned, in the previous section, OpenStreetMap data has been used as the Base Network. The data structure is 

based on nodes, ways, relations and tags. To make the network routable, it is important that every way element is 

fragmented at every crossing of the streets. The converter and routing engine tool osm2po [10] has been used to create 

the routing network from the downloaded sources. A routing topology table is created by this tool with the connection 

information from one edge to the next. Based on the length of the edges and the average speed configured for each road 

category (this settings can be configured through a XML file), it calculates the default costs. These default costs of the 

tool could be used for pedestrian routing. However, in ARGUS, a personalized service solution is aimed to reflect 

different behaviours and preferences of people with visual impairments Therefore the ARGUS system implements its 

own dynamic weight model that will be covered later in this paper. The Dijkstra algorithm implemented in the PostGIS 

shortest_path function is used to get the optimal path based on the lowest weights. 

Apart from the road categories, additional information regarding OSM point data is very helpful (for example the 

existence of letterboxes). The goal of a routing topology engine (like osm2po) is to process only the OSM data relevant 

for the routing calculations. Therefore, it does not provide information about the complete attributes of the OSM data, 

so this attribute information of the edges and nodes has to be imported into the database. In the project ARGUS, the 

import tool osm2pgsql [11] is used. Osm2pgsql is a tool which converts and imports the OSM data format to a 

PostgreSQL database. This tool adds features that use certain tags, which are defined by a configuration file and 

transforms the nodes and ways to linestrings and polygons. It inserts the data into the database, but it has no routing 

functionalities, so the dataset ignores which linestring is connected to each other. The imported OSM attribute data is 

connected with the routing table by the use of the unique OSM ID. This enables the routing table to get more 

information about the used attributes of edges or nodes.  

Assignment of POIs to the ARGUS street network graph 

For a good dynamic weighted routing network graph, which is used by the routing algorithm, points of interests must be 

linked to their belonging network edges. Streets are represented virtually by digitized lines, which represent a centreline 

of the street or a borderline in the digital representation of the street. In the real world, the street is not limited to this 

line, but to the width of the street. Most of the time, this type of attribute is rarely available within street attributes. The 

classification of the streets is more common, which is based on the different street types within the traffic or building 

regulations. The ARGUS system defines a set of default buffers which are used to map the POIs to their associated 

edges. This set of buffers varies in buffer size and is based on the OSM street classification (primary, secondary, etc.). 

For the city network data, the different types of street categories are mapped to the OSM schema. 

The road widths are based on the maximum building regulation of the different street types. The difficulty to estimate a 

buffer of the street depends on its representation in the database. Most of the time, within the OSM dataset, only one 

line is representing the entire street which can consist of multiple lanes in both directions. The representation of one 
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virtual line for both directions in higher class roads is used as a basis for the estimation of the buffers, based on the 

building regulation of Austria/Germany. The building regulations for streets of Austria and Germany were compared 

and there were no major differences between these countries. Two of the five pilot locations are located in this area, so 

this assumption was accepted for all. 

The estimation takes the maximum width of a street category and divides it for both street sides to get a rough estimated 

buffer. For catching also POIs beside the street (like toilets, shop, benches), which should be used for information 

purpose or routing purpose, an extra distance of 10 metres is added to take tram ways between the roads or inaccurate 

positioned POIs into account. On pedestrian-only street categories (steps, footway), only the half of the extra distance (5 

metres) is added. The footway or step categories can be used directly for the pedestrian and for that reason the buffer 

does not include other lanes like parking vehicles or tram way lanes. 

A good example for the complexity of the estimation of street width is the Ringstreet in Vienna. This street is 

categorized as a secondary street, but the width around 50 metres in total (including tram lanes, medial strip and parking 

areas, which are situated between the walking area and the street) is a special exception of the routing network of 

Vienna. 

The combination of the different street-based categorization and the catching size of near objects leads to the ARGUS 

buffers, which are used for the mapping.  

Example of San Sebastian (OSM) 

In order to show how the dataset obtained from OSM looks like, San Sebastian is used here as the main example. 

According to the aim of providing routing services for pedestrian use, ways forbidden like motorways are not part of the 

network graph, so both road classifications and access allowance information are taken into account. Therefore, data is 

filtered before its inclusion in the ARGUS database, and the classification is stored accordingly. 

Figure 2, on the left, describes how some steps are defined in the original OSM source. On the right, the same steps 

already included in the ARGUS database are visualized using the QuantumGIS 1.8.0 tool [12]. Its classification 

metadata is included. The figure contains orthophotos of the areas obtained from the Gipuzkoa Web Map Service [13]. 

The red lines describe the segments (edges) that are used later by the route calculation to create the paths, all the 

segments create the network. At the same, time, segments are connected among them by nodes. 

 

 Figure 2(LEFT) The original source (detail of a set of stairs near a park), displayed directly in the online OSM ID 

editor. (RIGHT) The ARGUS database holds info about the ñstepsò type line element. 

The whole San Sebastian area covers more or less 3 x 8 square kilometres. Apart from San Sebastian, the network of the 

other four cities has been included: Soest (Germany), Vienna (Austria), Portsmouth(UK) and Madrid (Spain). 

Limitations of OSM and City Data 

One of the limitations of the OSM data included in the previous cities is that the routable network segments are mostly 

part of road segments, and thus, not very safe in some cases. Although the streets used are marked as walkable (even 

though if they are not pedestrian ways, they could be expected to have a sidewalk), the geometrical line segment 

describes the centre of the road, thus, probably a little bit separated from the sidewalk longitudinal axis.  
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In the majority of the cases, the exact geometry of a pedestrian walking axis is not recorded in OSM. In this case, the 

sidewalk will be added as an attribute on the street geometry, which only indicates the existence of a sidewalk (e.g. 

sidewalk=left). 

In order to analyse the benefit of including other more detailed urban cartography data, the cities of Vienna and Soest 

were also used inside the project. The city of Vienna provided routable pedestrian data from the GIP 

(Graphenintegrationsplattform) [14] dataset of a small test area near the Vienna town hall, with additional relevant 

Points of Interests for blind pedestrians. Furthermore, the City of Soest provided detailed routable pedestrian data for 

the whole region of Soest from the ALKIS [15] dataset of Germany. 

Example of Soest 

Soest is one of the cities were both network layers (OSM and City Data) are available. The following Figure 3 shows a 

detail of the two cartography layers for comparison purposes. The OSM data is limited to describe road centre axis 

which is by no means safe for pedestrians. The detailed cartography contains correct geometries of the sidewalk axis 

and pedestrian crossings.  

 

Figure 3. Comparison of OSM and Soest City Data: sidewalks and pedestrian crossings 

PARENT-CHILD CONCEPT FOR THE DATASOURCE ABSTRACTION  

The city data of Soest and Vienna were integrated in the ARGUS database making use of the inheritance within 

PostgreSQL. The use of inheritance in the database layout offers a flexible and extensible way to import different city 

GIS data, and gives the possibility to integrate them in the future. In general, city data layers are heterogeneous datasets 

which provide different attributes and no common structure among different sources (like GIP vs. ALKIS). 

The concept of inheritance allows joining common attributes of several datasets in the same table and provides unique 

IDs for all datasets. This is based on the parent-child table concept. For that reason, a common set of minimal attributes 

for the creation of a routing network graph was defined. Every dataset willing to be integrated in ARGUS must comply 

with this set of attributes: source, target, geometry, length of the edge, name and the classification of the street based on 

OSM classification value which is used for the buffer and the assignment of POIs to the network edges. 

The parent table holds the common information of all child tables and is connected to each child table. The child tables 

provide further information about the heterogeneous attributes of the datasets. The same concept is also used for the city 

POIs; therefore, two parent tables were created (city_network and city_POI). 

Removing duplicate POIs 

Within the city data network graph, the use of both OSM points and city points may lead to duplicities and incorrect 

route calculations. The complexity of the filtering process of this data comes from the different accuracy level (the same 

point can be located within a few meters distance in different sources) and the non-standardized structure of the OSM 

data.  

To filter out the duplicate entries, the following system was used: Within the city_network table, an indicator attribute 

was defined. The comparison of the POIs is based on the distance between POIs and the category compliance of 

ARGUS, because the name is not usable for unique identification of duplicate entries (due to non-standardization in 

OSM). All POIs of the city network graph will be marked if they are within a special defined distance and have the 
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same POI category. The buffer distance for the removal of the duplicates is based on the type of object. Only the non-

marked city POIs will be used to calculate the dynamic weighted network graph, which is the input for the routing 

calculation of ARGUS.  

USER POINTS AND CATEGORY PREFERENCES 

ARGUS users have the possibility to add, edit and share personal points that can affect the routing weights. Moreover, 

they classify special categories as helpful objects or objects that should be avoided during the route. These different user 

preferences influence the weight of the routing graph. A set of categories was defined based on requirements collected 

from user surveys and completing it with OSM categorizations. The calculation of weights in the routing algorithm is 

done for each edge within the graph. Basically, the different points and line information are categorized in general 

information and relevant information for routing. Some categories are able to influence the cost value of the edges 

(typeroute=TRUE) and furthermore also the route from a start to an end point, as the cost increases where difficulties 

for visually impaired appear (black nature), and reducing it wherever helpful points are found (white nature). Other 

categories are registered with the aim of providing information about things or services found near the route but they 

cannot influence the route.  

ROUTE PLANNING  

The CreateItinerary Web Service is the responsible of starting the route calculation process. This web service needs an 

origin and destination pair of coordinates (green points can also be used) as input parameters. 

The Route Calculation module is contained inside the RouteCalculation C++ file. The constructor of the 

RouteCalculation class creates a pointer to the MIMS module with the correct database connection parameters in order 

to link the route calculation with the tables where cartography and user data are stored. 

The C++ implementation of the routing algorithm is composed as follow: 

Query preparation and automatic layer selection 

The route calculation queries are called from the C++ RouteCalculation.cpp class. When the ñItinerary Creationò web 

service is called, a Route Calculation instance is created. The best cartography available is chosen automatically if both 

exist (OSM and City). Figure 4 below describes a general overview of the algorithm used by the CreateItinerary Web 

Service to decide which network layer must be used by the shortest path query. 

 

Figure 4. Network layer selection algorithm 

First, the nearest network node of the origin ï given in coordinates or as a green User Point ï is searched in the detailed 

cartography (mode = ñcityò). If it is not found, the algorithm searches in the OSM cartography (mode = ñosmò). 

Then, the nearest network node of the destination ï given in coordinates or as a green User Point ï is searched in the 

same cartography mode as used for the origin. If it was mode = ñcityò and no node is found for the destination, the 

algorithm tries with mode = ñosmò. If the node is found, the origin is recalculated using mode = ñosmò. Both origin and 
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destination node must be obtained from the same base cartography. If origin or destination not available in any of the 

cartographies, the route calculation is not possible. The SQL shortest path query is called according to the ñmodeò 

selected. 

Routing Query 

The ARGUS routing query is based on the shortest path algorithm included in the pgRouting plugin. It calculates the 

best path for the ARGUS user with minimal length from a start location to an end location. The algorithm relies on a 

user defined dynamic weighted network graph, which is based on the different types of spatial data described in above 

sections. The calculation of the dynamic network graph is done according the user specified classification preferences 

of Black Point categories (which are obstructive) and White Point categories (which are helpful objects) for the current 

user.  

The calculation of the weights within the dynamic network graph is based on the following simplified formula: 
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Equation 1. ARGUS weight calculation equation 

Within the above shown Equation 1, the Parameter We is described as the weight for a network edge. The basis for the 

weights of the routing network graph is the length of the different network edges (Le). For the ARGUS project, the 

speed of the visual impaired people was not taken into account, because the speed of the users is inhomogeneous and 

cannot be defined for all user groups. Furthermore, it also depends on the additional means that will be used (e.g. cane, 

dog or no aid). All Black Points along the edge will be multiplied with the user specified category factor (amount of 

metres that the user is willing to make a detour) which results in Black Point parameters (Bp) for each of them along the 

route. After that, the sum of the Black Point parameter amount will extend the total length of the routing edge. The 

same procedure is done with White Points, but this value will shorten the length of the routing edge. 

The result consists of a new weighted edge which is virtually prolonged or shortened within the routing network graph. 

The shortest path algorithm is influenced by the new weighted routing network graph according to the ARGUS userôs 

preference. The specific characteristic of the shortest path function is that the edges within the network graph should not 

have negative values. For that reason, the routing algorithm formula will get zero, if the weight of the network edge 

becomes negative. For affected edges by black or white categorized points, the above described algorithm calculates a 

new weight, for the rest of unaffected edges the real length of the edge will be assigned as routing weight. 

The ARGUS routing algorithm takes the following point/line information into account to calculate the weight of the 

edges: 

-Influenced edges by black or white points (user defined) 

-Influenced edges by black or white OSM (or City) POIs  

-Influenced edges by black or white OSM line information (e.g. bridge, steps, ...) 

-Influenced edges by black or white subscribed user points (points from users marked as reliable) 

Furthermore, only POIs stored in the ARGUS database within defined relevant categories for routing will influence the 

weights of the ARGUS network graph. Line information will influence the point as it would be point information. 

Query result processing 

The shortest_path query result must be ordered to obtain the route points. The goal is to get the coordinates in 

combination with the edge IDs in a pleasant way (array) to compare them to each other. Then the algorithm iterates 

through all Linestring elements (edge IDs) and compares the last coordinate of the current edge ID with the first 

coordinate of the next edge ID. If they are the same, everything is okay. If they differ, the order of the coordinate array 

has to be reversed. 

GPX generation 
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The GPS Exchange Format (GPX) [16] is a light-weight XML data format for the interchange of GPS data (waypoints, 

routes, and tracks). The GPX file format is used to transmit the generated route to the Web Services and finally to the 

User Terminal.  

Each of the points (defined as coordinate pairs) that describe the path to follow is included in the GPX file as a 

ñroutepointò. In addition to this, any informative point near the route is included as a ñwaypointò. They are not used for 

navigation by the User Terminal, but for giving information when passing close to them.  

Safety corridor 

The ExtensionsType in the GPX schema is the element that makes GPX flexible. Using this element, specific schemas 

can be used that, by default, are not included in the GPX format. That means, within this tag, the safety corridor, 

annotations and extra information about point categories can be sent along with the GPX file.  

Within the first prototype, the safety corridor has a fixed width. It is a parameter to control the navigation instructions 

when a user gets too far from the original path during the navigation and is included as extra information in the GPX 

file. In future steps, dynamic corridors could be included, with variable widths along a path, reflecting different safety 

zones. The safety corridor information is coupled with the route by including the information in the GPX file that is 

prepared for the use within the User Terminal. That means the safety corridor is a GPX extension and added to the GPX 

structure. 

TRACK UPLOADING IN URBAN/RURAL AREAS  

The availability of cartography in urban areas is acceptable in general but as mentioned in previous sections, in some 

areas, and depending on the conditions, the quality needs to be improved for safe pedestrian route planning solutions.  

The objective of the recorded track uploading option offered by ARGUS is double. It allows downloading tracks 

without the need of the route calculation based on the cartography. Therefore, users can download previously uploaded 

GPX files (uploaded by other users or by themselves), after performing the path once in both urban scenarios where the 

cartography is not good enough, or rural/land areas where cartography is inexistent. 

A request of finding an existing itinerary from the public repository needs a pair of origin and a destination (similar to 

the route creation request, but both points can be the same here). The system returns all the public tracks that pass 

through a 20 meter radius area from each point. 

In this case, the user preferences do not modify the path of the recorded track. However, they do affect the list of 

informative points of interest that are added to the GPX file on download.  

RESULTS 

A short summary of some route calculation results handling different datasources is shown. Figure 5 (LEFT) represents 

visually the result route after inserting a fourth black point along the edge at the Town Hall front court in Vienna. The 

different black points should represent, for example dangerous manholes, waste baskets, advertising columns or other 

user defined obstructive objects (both user defined or given by the cartography provider). The edges near the new 

inserted edges differ in street classification. The OSM path is based on a pedestrian road classification and the city 

network edge is classified as a footway. Within the projects, different buffer levels of the street classifications were 

declared to map black points or white points. For the mapping of pedestrian areas, a buffer of 20.5 meters and for a 

footway a buffer of 6.5 meters was declared. The first three black points were only mapped to the city network (black 

triangle) and the last one was also mapped on the OSM network. Figure 5 (RIGHT) shows the change of both routes 

after the insertion of more different black points. The ñcostsò of the direct routes were higher than the alternative routes.  

The differences between the ARGUS city network route (orange) and the ARGUS OSM route (green) can be seen. The 

OSM network of this area does not cover the footway between the two parks. Therefore, it switched to the other side of 

the park to get to the end point and also takes a complete different route. In contrast, in the city network route, the 

affected edges are avoided and the route goes straight through the square of the town hall. The weight of the OSM 

network and the city network differs significantly from the start to the end point. 
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Figure 5. Different route results after adding black points in Vienna (comparison of OSM and City Data) 
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Abstract 

In recent years, a significant advance in technology for the development of web-based applications and services is 

taking place. As a consequence, most desktop applications are evolving towards service based solutions that can be 

accessed remotely. The traditional GIS desktop applications are also evolving into web-based services partially thanks 

to the capabilities that web mapping technologies offer. This paper reviews the up-to-date web mapping technologies 

and research providing features, performance, data-format compatibility and interoperability capabilities of them. 

Among all the existing web-mapping technologies, the proprietary Google Maps and arcGis Web Mapping as well as 

the open source solutions OpenLayers and Leaflet must be highlighted. In order to feature testing of highlighted open 

source technologies, a use case scenario for the visualization of weather prediction layers was implemented and tested. 

Keywords: Web mapping, GIS, Meteorology 

INTRODUCTION  

Since 1995 began operating the global positioning system (GPS) [1] with full operational capability, representation of 

navigation maps changed radically. This allowed many companies to develop new business models around the 

representation of maps using different computer systems. Moreover, the large development that is taking the world of 

internet and the ability to stay connected from any device at any time has enabled web systems to take the center stage 

among users. Web technologies that more evolved and achieved an outstanding success are HTML5, AJAX, JavaScript 

and CSS3 web languages. These type of technologies allow the users to access and manage the content they want from 

anywhere on any device. This advance gave new opportunities to develop more accessible, faster, multi-device systems 

based on displaying geographically referenced information through map technologies. More precisely, in the field of 

Meteorology web applications for representing both weather forecasts and real time weather information increased 

notably, since web mapping systems were developed. Recently, the development of GoogleEarth/Maps owner system 

and open source Leaflet and OpenLayers have given a new boost to the applications based on web-mapping 

technologies. 

The OGC [1] promotes the use of standards for Web mapping services, which have helped to establish a common 

framework to access, display and download spatial data on the Internet (Web Map Service, Web Feature Service, Web 

Coverage Service), discover them (Catalog Service for the Web), present them by means of styles (Style Layer 

Descriptor), filter them (Filter encoding), store them, transport them (Geography Markup Language and Keyhole 

Markup Language) and process them (Web Processing Service). The Web Map Service (WMS) and Web Feature 

Service (WFS) are the mainly used services for Web mapping purposes; therefore, support for one of them is a must for 

the web-mapping clients selected for the present study. 

One of the main objectives of this paper is to give some guidelines about various relevant existing network technologies 

[2] [3] [9] [10] for displaying weather information. The weather data will be provided through images generated by 

WMS service that can be in PNG, GIF or JPEG format. WMS produced maps can be invoked by any corporate software 

platform or a trained GIS viewer for displaying this type of services. The WMS standard defines three operations: 

GetCapabilities, GetMap and GetFeatureInfo. But in this work we centered in the operation GetMap because it returns a 

map image with geographic and dimensional parameters are defined. 

The work presented in this paper is structured as follows. Firstly proprietary and open source web-mapping platforms 

that have the most widespread use among internet users are studied. After this exhaustive state of the art, the scenario 

where the features and performance of the highlighted open source technologies is explained at section three. At section 

four, the results obtained at the analysis scenario are exposed, and finally, the conclusions drawn are presented in 

section five. 
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FEATURE COMPARISON O F WEB MAPPING TECHNO LOGIES 

In this review of web-mapping technologies, the study has focused on the capabilities of web-mapping technologies to 

add visual representation of geographically distributed data. The studied technologies have been grouped according to 

their ownership, dividing into proprietary and open source technologies. 

Proprietary Systems 

Most proprietary web mapping platforms that exist have very similar functionalities in their public versions. One of the 

reasons is that the interest of the users is centered on finding places and routes. All platforms offer the option to display 

the maps as a cartographic layer or with satellite images or as a combination of them. This kind of options provides to 

the users a more immersive and guidance experience in place searching. 

A noteworthy evolution of these systems is the streetview systems that place the users in the requested streets giving a 

360 degree view of the localization. This feature permits the immersion of the users in the interested area. Some of the 

mapping systems also provide layers reporting traffic conditions. It is still not spread to the whole world, but looks a 

promising service for users that is offered in combination with other technologies such as GPSs localization system. 

What really set these services among them are information searches. Most proprietary services have more users belong 

to the major search engines. It allows a transversality between search engines and maps to provide to the user a more 

complete and useful information, which ultimately means a better use experience and a greater number of users. 

Google Maps 

The first version of Google Maps [4] [11] [12] appeared in February of 2005 and it was developed by Google. 

Nowadays the API is in the 3
rd
 version and it is known as Google Maps JavaScript API V3. The Google Maps APIs 

let a web page developer embed freely Google Maps on web pages or mobile applications. It is the 

most popular proprietary online mapping service a nd it is used in all over the world in more than 

800,000 sites.  Google also provides various APIs that allow the users to query routes, estimate the duration and 

distances, elevations, locations, geocoding images or watching StreetView images. Using Google Developers Service, 

the developers agree to be bound by Google Terms of Services [13]. All users that want to include Google Maps in their 

websites have to load the Google Maps API using an API key. If the usage of Google Maps API exceeds the usage 

limit, the user will need to pay an additional quota. It permits a maximum of 2500 request per 24 hours period in its free 

version. 

Google Maps API permits the developers to add elements like markers, icons, polylines, polygons and layers. It allows 

the inclusion of different kind of layers such as Dynamic Maps Engine Layers, Tile layers or KmlLayer. KmlLayer 

represents KML and GeoRSS elements, while TileLayers represents WMS. Google Maps API also permits loading 

information stored in geoJSON files. In addition to this, Google itself also provide information layers such as the traffic, 

weather, cycling paths, public transports and panoramio images that can be load in the maps. 

Nokia HERE Maps 

HERE maps platform [14] was launched in 2007 by Nokia under the name of Ovi Maps. It includes an API for 

JavaScript which includes a set of interfaces that permit web applications developers build rich and interactive maps. 

The API is divided in 4 main components Maps, places, directions and traffic. HERE maps also provide an enterprise 

API for JavaScript that lets the user add business-to-business(B2B) specific features and functionalities of a collection 

of RESTful web services like points of interest, searches, geocoding or routing. API also includes W3C positioning that 

takes advantages of the W3C geolocation API which is supported by many browsers. Nokia defines a Terms Of Use 

[15] were there are available three licensing option for the developers interested in the use of HERE Maps APIs: base, 

which permits a free monthly and basic access, evaluation and commercial. HERE API users need two random strings, 

id and app_code, to have secure access to HERE API services, in the case of evaluation licenses it expire in 90 days. 

In the HERE Maps API for JavaScript developer beyond include marker, image, custom overlays, grid overlays  or geo 

shapes based on coordinates to the map like polygons, polylines, circles or rectangles it also can add custom overlays 

from tile servers like WMSs. Also it permits the integration of KML files and data sets compliant with versions 2.1 and 

2.2 of the KML standard in web applications. 
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Bing Maps 

Developed in June of 2009 by Microsoft, Bing Maps platform [16] provides two APIs to develop Bing Maps 

applications. If the aim of the developer is to create an application for windows 8 it has defined the .Net API. In 

addition, it also provides an API for Silverlight/WPF platform that permits the location and local search features into 

their applications. The Bing Maps platform also provides a JavaScript API that is based on the Bing Maps AJAX V7 

control which is supported by standard browsers and mobile devices. Bing Map also implements REST and Spatial 

Data Services what permits the user to include geocode and reverse-geocode location data, elevation information for a 

set of locations, polylines or areas on the Earth. It also permits the inclusion of map tile URLs and imagery provider 

information that is hosted by BingÊ Maps, directions and route information for driving, walking or using transit and 

information about traffic incidents and issues in a specified area. The use of the APIs is governed by the MicrosoftÈ 

BingÊ Maps Platform APIsô Terms Of Use [17]. The user needs to create a developer account on the Bing Maps 

Account Center. It allows the users to create a Bing Maps Key to use in map applications. 

For including elements in the maps, Bing Maps API defines Entities. Entities are classes that define element types like 

Infobox, Polygon, Polyline, Pushpin, TileLayer, or EntityCollection. For the integration of TileLayers in the maps, Bing 

Maps API permits the definition of TileSources in an easy way and furthermore it permits the inclusion of WMS layers 

using just a line of code. 

arcGis Web Mapping 

ArcGis Web Mapping [18] was developed in May of 2000 by ESRI. It was known as ArcIMS 3.0 and was ESRIôs first 

public release. Among the analyzed systems it is the most focused on mapping and also is the system that provides most 

mapping visualizations capabilities. In order to include applications in Flex and Silverlight/WPF platforms ArGis Web 

Mapping has defined well documented APIs that can be found in their web page. In addition, it also offers an API to 

include maps in web environments developed in JavaScript that leverages latest HTML5 and CSS3 standards, 

increasing the performance and functionality of the maps and permitting their visualization in any kind of devices. 

ArcGis defines a Terms Of Use [19] that explains the permission and prohibitions on the use of ArcGIS Online. 

ArcGis Web Mapping has different classes defined for the inclusion of layers. Some of most employed ones are 

ArcGISDynamicMapServiceLayer, ArcGISTiledMapServiceLayer and ArcGISImageServiceLayer classes. Those 

classes permit users to work with a dynamic map service resource, with a cached map service resource and with an 

image map service resource respectively. The cached service accesses tiles from the memory instead of rendering 

images dynamically on the fly. For base layers there is a class called OpenStreetMapLayer which allows users to use 

basemaps from OpenStreetMap easily. Regarding the display of layers, ArGis API provides GeoRSSLayer, KMLLayer, 

streamLayer, MapImageryLayer and WebTileLayer classes that are used for visualization of GeoRSS, KML, stream of 

data using HTML5 websockets, georeferencied images and non-ArcGis server map tiles. With the purpose of displaying 

layers based in OGC standards the API also provides classes like WMSLayer and WMTSLayer that permits the 

visualization of Web Map Services layers and Web Map Tile Service layer. 

Open Source Systems 

The open source systems have a great success among developers of web mapping services. Being open systems, not 

only does allow users to create plugins for developed systems, but also to adapt the code to the needs and projects of 

each developer. For the development of the different platforms, users create communities themselves and develop 

applications in a collaborative manner. Thank to those communities users help each other with the questions and 

concerns that users and contributors can have during the adaptation of the code to their own needs. It gives an added 

value to the documentation and service that many of other proprietary systems cannot offer.  

OpenLayers 

OpenLayers [5] [6] [20] was developed in June of 2005 by MetaCarta, but since 2007 till now it is an open source 

project of Geospatial Foundation (OSGeo) [21]. It is a library based only in JavaScript that permits users to visualize 

maps without any type of dependencies by the side of the server. OpenLayers API is developed for and by the Open 

Source software community and its last stable release is 2.13.1, but actually it is working on development of its 3.0 

version focusing on performance improvements, WebGL features and integration of the new Cesium library. 

OpenLayers has extensive documentation with which users can learn easily and fast to integrate maps into websites. 

The OpenLayers code is published under 2-clause BSD license. 

Being one of the oldest open source mapping system and belonging to such important foundation as OSGeo makes 

OpenLayers the JavaScript library able to display a huge variety of data types. It supports GeoRSS, Keyhole Markup 
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Language (KML), Geography Markup Language (GML), GeoJSON and map data from any source using OGC-

standards as Web Map Service (WMS) or Web Feature Service (WFS). 

Leaflet 

Leaflet [7] [22] was developed in May of 2011 by Vladimir Agafonkin accompanied by a team of dedicated 

contributors. It is a modern open-source JavaScript library for mobile-friendly interactive maps that is in his version 

number 0.7. Leaflet was designed thinking in simplicity, performance and usability but including all the features that 

web mapping user can need. It is designed so efficiently that the weight of JavasScript code is about 33KB. It has no 

large documentation, but the source code implemented is so simple and easy understanding that does not need more for 

a good comprehension. Leaflet API was designed for being especially efficient in mobile platforms to achieve this it 

takes advantage of HTML5 and CSS3 languages. Third-party patches are absolutely essentials for extending the 

functionality and are included by different plugins developed by supporters of the community. The leaflet code is 

published under the very permissive 2-clause BSD License. 

Leaflet supports Web Map Service (WMS) layers, GeoJSON layers, Vector layers and Tile layers natively. Many other 

types of layers are supported via plugins. Plugins also permit adding geo web services, such as ArcGIS Server, 

Arc2Earth, GeoIQ, CartoDB and GIS Cloud; free tile providers like OSM, OpenCycleMap, MapQuest, Stamen and 

ESRI; and formats such as GPX, KML and CSV. Moreover, in combination with svg tag-s allow the users to create an 

interactive application. 

Cesium 

Cesium [23] was developed in 2012 by Analytical Graphics, Inc. (AGI) and supported by an active open source 

community. This development was created because of AGIs customers needs for a cross-platform virtual globe for 

dynamic-data visualization. Cesium is a JavaScript library for creating and viewing 3D globes and 2D maps based in 

WebGL in a web browser. It supports a 3D globe, 2D map, and 2.5D Columbus View with the same API and can be 

added functionalities by the different plugins provided by the contributors of the community. Cesium is open source 

code under the Apache 2.0 license, which means, it is free for commercial and non-commercial use. 

Cesium supports imagery layers using TMS, WMS, Bing, OpenStreetMaps, ESRI standards and standard images in any 

format supported by web browsers. Also shows vector data from CZML, GeoJSON, TopoJSON, KML, ESRI 

Shapefiles, and WebGL Globe JSON. It draws elements like polylines, polygons, circles, icons, labels, and custom 

objects. Cesium uses a material system to change their appearance to adapt to the user needs. Apart from the mentioned 

technologies Cesium core can be extended, can add functionalities and avoid large third-party dependencies for non-

essential features by plugins. 

UMN MapServer 

MapServer [24] was developed in the mid-1990ôs at the University of Minnesota, but now is managed and administered 

by OSGeo and is maintained and improved by developers around the world. The aim of this platform is to visualize, 

consult and analyze geographical information through the network using Internet Map Server (IMS) technology. 

Beyond browsing GIS data, MapServer allows to create ñgeographic image mapsò. This open source geographic data 

rendering engine is written in C and actually is in its version number 6.4.1. The possibility of using as a map server for 

third party applications, using MapScript API or following OGC specifications, has permitted the publication of 

geospacial data. MapScript is a powerful scripting environment that support popular scripting and development 

environments like PHP, Python, Perl, Ruby, Java, and .NET. MapServer is published under MIT license. 

MapServer platform supports numerous OGC standards such as WMS for client and server, non-transactional WFS for 

client and server, WMC, WCS, Filter Encoding, SLD, GML, SOS, and OM. It also allows a multitude of raster and 

vector data formats like TIFF or GeoTIFF, EPPL7, and many others via GDAL, ESRI shapfiles, PostGIS, ESRI 

ArcSDE, Oracle Spatial, MySQL and many others via OGR. In combination with Proj.4 library, MapServer provide to 

the users the possibility of making on-the-fly map projections. 

ANALYSIS SCENARIO  

An advanced web-mapping use-case scenario was defined and implemented in order to develop a real testing of the 

studied features. The use case scenario was defined for providing weather forecasts as layers above a web mapping 

service. The parameters of weather forecasts are stored in NetCDF files and therefore it was necessary a server like 

ncWMS that can interpret this kind of files and can answer tilelayer requests of weather parameters. The designed 

architecture also included MapCache server. It is a library part of MapServer which implements tile caching to speed up 

https://github.com/Leaflet/Leaflet/blob/master/LICENSE
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access to WMS layers from ncWMS server and deliver to the client side. The Figure 1 shows, the architecture of the 

implemented use case that consist on a two-sided architecture. In the server side there are MapCache and ncWMS 

servers. In the client side there is a client developed in HTML5, JavaScript and CSS3. 

 

Figure 1. The architecture of the use case scenario. 

At client side, the implemented use case application offers the same features for both implemented technologies 

OpenLayers and Leaflet. Thus, the user needs to select one of them but the system will work exactly the same way. 

After selecting the web-mapping technology, the user selects the days and the weather forecast parameters that is 

interested in visualizing. The platform offers two maps in where the parameters can be displayed in order to help in the 

comparison of the multiple forecasted parameters. 

The system provides the possibility to request three different types of visualizations for each data. The first visualization 

permits to display a combination of temperature, pressure and wind layers. User also can visualize a blending of 7 

layers such as pressure, temperature, wind, snow, rain, wind chill and humidity. Finally, the client application provides 

to the user the possibility to only display the interested parameters depending on the values limits selected by the user. 

PERFORMANCE COMPARIS ON 

The analysis scenario was used in order to compare the performance of the widely used open source platform 

OpenLayers and Leaflet. For OpenLayers the released version 2.13.1 of the API was selected and for Leaflet the release 

version 0.7. 

The hardware of the client where the performance was measured consisted on a processor IntelÈ CoreÊ2 Quad CPU 

Q8300 @ 2.50GHz Ĭ 4 of 64-bit with operating system Debian 4.7.3-7. The computer memory was 3.9 GiB and it 

included a GeForce 9400 GT/PCIe/SSE2 graphic card. On the other side, the hardware used at server side was a IntelÈ 

CoreÊ2 Quad CPU Q6600@ 2.4GHz x 4 of 32-bit with operating system Ubuntu 12.04 LTS and a memory of 3.9GiB. 

Description of the Testing 

The main objective of the performance testing was to analyze the management of scientific layers by the selected web 

mapping technologies. With this aim, two stress tests were designed. The first one consisted on studying the 

performance when loading the same layer repeatedly. The second one consisted on loading seven different layers. With 

the second testing the influence of the typology of the layer was also studied. The results shown in next section are the 

average time of 10 repetition of each test. 

Same Layer Loading 

To test the preload of a layer, the same layer was loaded repeatedly. Thus it permitted us to evaluate the effect that an 

initial load of layers and subsequent request of same layers has regarding time. That is the reason for making 

interactions of 1, 2 , 3, 4 , 5, 6, 7 , 8, 9 , 10, 20 , 30, 40 , 50 , 60, 70 , 80, 90 , 100, 200 , 300 , 400 and 500 layers. 

Through this experiment has also tried to compare the maximum load bearing layers each of the tools that have been 

used. 
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Different Layers Loading 

In order to check if the time required for each platform in loading the same layer is equal to loading a different layer, we 

performed a very similar test to the previous. The difference is that in this case we were limited by the number of layers 

we had. In the architecture we presented in the section before, there were only defined 7 different types of weather 

layers so we had to adapt the experiment to the number of layers available. Therefore we made iterations with 1, 2, 3, 4, 

5, 6 and 7 layers and no more. 

Results 

This section shows the results obtained in the tests for comparing the performance of OpenLayers and Leaflet. As we 

divided the experiment into two phases, firstly the results are presented separately and afterwards the overall results 

obtained are presented. 

Same Layer Loading Results 

As can be seen in Figure 2, in terms of total loading times of layers, Leaflet showed to be notably faster. The tendency 

shows that the total loading time of OpenLayers increases in comparison with total loading time of Leaflet. It means 

that Leaflet performance is better than OpenLayers performance loading the same layer repeatedly. 

 

Figure 2. Average time comparison loading same layer repeatedly. 

In Figure 3 the loading performance of the technologies can be analyzed deeply. It shows the time needed to load the 

different layers of both libraries. The graph represents the times that each technology needs to load the first layer, the 

times that needs for the remaining layers and the average of time that needs each technology to load a layer. When 

loading a layer repeated times, the maximum loading happens in both libraries when the first layer is loaded. It happens 

because when the user asks the system for the file it requests once for the information and in the next requests the 

system has all layers cached in. After loading the first layer, loading times decrease progressively from 17.52ms to 

6.08ms in OpenLayers, and from 5.96ms to 1.23ms in Leaflet. It means that if a system preload all layers at the 

beginning of the application and then requests are reused, it would save considerable time. 
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Figure 3. Average time comparison loading same layer repeatedly. 

Together with the study of the performance of loading a layer multiple times, the performance limit in regard of layer 

cuantity was also studied. For OpenLayers execution started to slow down notably and visual elements of the web 

application giving problems when 300 layers were load. The same performance was obtained with Leaflet after loading 

400 layers. 

Different Layers Loading Results 

As in the previous case, the time required for Leaflet is shorter than for OpenLayers when loading independent layers 

and it increases when the number of loaded layers increases. Loading a new different layer it takes an average time of 

17ms for OpenLayers and 5.5ms for Leaflet. 

 

Figure 4. Average times comparison loading different layers. 

This test highlighted that both technologies require a stable time for loading new layers regardless the typology of the 

layer. It also can notice that the performance in both the first layer and the average of the other layers in Leaflet is 

noticeably better than in OpenLayers. The trends observed in Figure 5 support the conclusion that there are no notable 

differences between the charging time of the first layer and the other layers, since the values in all cases are very 

similar. So if a developer has to work with different layers without the repetition of those layers, the loading will be 

balanced and similar to the data obtained for all of them in both technologies. 
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Figure 5. Average times comparison loading different layers. 

Overall Results 

Analyzing the data obtained in the cases of loading different layers and in the case of loading the same layers 

repeatedly, it reflects higher performance for Leaflet library. 

Regarding the total time obtained, it can be clearly seen that the performance of Leaflet is better than OpenLayers 

performance. This is because Leaflet was designed to run on web and mobile devices and the resources available on 

mobile devices are more limited than in personal computers. In the insertion of different layers can be seen that the 

trend in the first 7 layers is the same as in the insertion of the same layer repeatedly, but to a lesser degree. It happens 

because in Leaflet the time in the case of the same layer is considerably reduced from the request of the first layer to the 

second layer, while in the second case the charging time is the same for all layers independently to the number of the 

layers. 

In the total time analysis, from the beginning it can be seen that the execution time when the platforms add different 

layers or add the same several times the performance is better in Leaflet than in OpenLayers. In OpenLayers it does not 

matter if a layer already exists or a new one is added because the time taken is the same in each case. 

If user desires preloading all the layers at the start the performance of Leaflet is also better. The average time it takes to 

load the first layer on Leaflet is less than what it takes with OpenLayers. Besides if the already loaded layer is reloaded, 

time is greatly reduced, even a quarter of what it takes to load the first. 

CONCLUSIONS 

Geolocation as weather or many other areas need web mapping technologies. For this work there are plenty of open 

source and proprietary technologies available. Each user has the freedom to choose the technologies that best suits them 

depending on the needs and available technologies it admit. Through this study we have been able to see the most 

relevant technologies that exist today and that without great programming knowledge anyone can enter and display on 

his website through different layers with different types of technologies relevant information. 

In this work, actual web-mapping technologies were studied. There is a tendency for geolocating any type of 

information through web-mapping technologies via internet that is consolidating. In that sense, it was of high 

importance to study the performance of the available technology that would help to select the appropriate technology 

depending on the use. Although both proprietary and open technologies were studied, performance testing was applied 

to most common open source technologies such as OpenLayers and Leaflet. 

All of the technologies analyzed integrate greater or lesser extent the standards defined by OGC. It supposes an 

advantage and permits the migration from one technology to the other without a major complication. It also provides 

universality to the data published by the network. 

Specifically in the technologies tested to see its behavior in an environment of meteorological information management, 

it has been seen that both technologies loading times are less than 18ms in all cases. It shows that with this kind of 
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technologies can be develop agile applications with real time answers to users. However, note that Leaflet presents 

loading times much better than OpenLayers reaching to 7ms as maximum. It makes Leaflet technology much more 

suitable for mobile environments where processing capability of devices is limited. 
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Abstract 

The article deals with the possibilities of the enhancement of results of image classification using tools of geographic 

information systems (GIS). Theoretical solutions are based on the theory of rough sets. Spatial analyses in GIS are the 

implementation tools of the theoretical model. Improved results of image classification are achieved by filtration of 

added layer with clearly defined classes and also by manually editing in the necessary extent in GIS. The authors of this 

paper show that the filtration using more than one layer leads to an enormous increase of the complexity of the whole 

process with inadequate contribution of the quality of classification results. The proposed method was tested in the 

project of data analysis of storage of gas facilities under certain types of terrain surface in the Czech Republic (CR). 

This analysis was done in order to determine reproductive values of gas facilities (pipelines) and the valuation of costs 

which would be necessary to spend for building new networks. The authors solved this project for the GasNet, Ltd. 

Company which is a part of a RWE group in the Czech Republic. Input data were orthophoto with the resolution of 25 

cm/pixel and selected layers of communications of Fundamental Base of Geographic Data of the CR (ZABAGED). Due 

to the territorial coverage with the area of 64,350 km
2
, these were massive tasks with data volume of 500 GB. 

Processing was carried out in ArcGIS 10.0 environment via special created application in Python language with 

support of the ESRI libraries. The results demonstrated the efficacy (effectiveness) of this process and the reducing of 

the error rate to 2% - 3 % was achieved over the modeled area for given purpose. 

Keywords: Image classification, GIS, spatial analysis. 

INTRODUCTION  

The improvement of image classification and the increase of technical exploit of the information from a raster image is 

the theme of the article. This issue is currently highly elaborated and its results are applied in many fields. Examples are 

the evaluation and interpretation of medical images, the detection of objects in the image within the investigation of 

offenses in criminology, the assessing of the state of the environment, image processing of remote sensing (RS) for 

military and other purposes, etc. This article describes the crucial part of the project, which the authors solved within 

the data analysis of storage of gas facilities under certain types of terrain surface in the Czech Republic (CR). The aim 

of the project was to determine reproductive values of gas facilities (pipelines) and the valuation of costs which would 

be necessary to spend for building new networks. The contracting authority of the project was the GasNet, Ltd. 

Company which is a part of a RWE group in the Czech Republic. 

Unlike the aforementioned RS, where the processing of images is with the typical resolution of 30 m - 0.7 m in many 

cases, there was analysis of orthophoto images with the resolution of 25 cm/pixel in our case. Due to the relatively high 

resolution and territorial coverage with the area of 64,350 km
2
, these are massive tasks with very large volume of input 

mailto:bartonek.d@fce.vutbr.cz
mailto:bartonek@edukomplex.cz
mailto:bures.j@fce.vutbr.cz
mailto:opatrilova.i@fce.vutbr.cz
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data of the order of ~ 500 GB. The aim of image analysis was mainly the basic division of the terrain surface on paved 

and unpaved, then the most detailed division of surfaces and the determining of intersection of route of gas line into the 

main and local road. The resulting data had to include not only information about the type of terrain surface, but also the 

affiliation to the territorial unit (to the part of the municipality). During the preparation, it was necessary to evaluate the 

surface above the route of gas facilities in the total of 13,083 parts of municipalities according to categories of gas line 

of high pressure, the main series (low-pressure and medium-pressure) and the house service pipe in 3 groups of 

classification classes, namely: 

¶ Group I: Paved and unpaved surface 

¶ Group II: Asphalt, main road, local road, unbound, unknown surface 

¶ Group III: Forest, grassland, bare soil, asphalt, roof ï tile, roof ï flat, shadow, main road, local road, path. 

Due to the extent, it was necessary to divide the entire data analysis so that the proportion of time of overhead processes 

and time of solving of own processes were as efficient as possible. The segmentation by territorial principle was showed 

as optimal division within the project [27], concretely according to units with an average extent of 368 km
2
 (500 GB of 

the data volume) corresponding to the territorial administrative unit of the municipality with extended competence 

(ORP) within the administrative division of the Czech Republic. 

RELATED WORKS  

The collection of papers that deals with the image classification is quite extensive. Thematically the nearest publication 

to our solved issue is in [1], which is pioneering work about the theory of rough sets. Then it is [6], which describes a 

method of image classification based on rough sets and fuzzy sets and [23], which deals with the comparison of method 

of discrete rough sets with principal components of PCA method (Principal Component Analysis) for image 

classification of RS. The work [14] is concerned with the improving the results of image classification, where detecting 

of deviations from a Gaussian probability distribution belonging to classes of objects is used. The publication [19] uses 

the method of ant colonies to optimize of image classification resulting from the processing of point clouds and the 

design of algorithm for image classification based on the method of insect swarms is in the article [20]. A similar issue 

is addressed in [10], concretely using of genetic algorithm for image classification. 

Next, it can be mentioned the work [25] in the field of image classification of RS, which deals with the evaluation of the 

accuracy of the image classification of forests and marshes from LANDSAT satellite based on the rules in GIS and the 

article [15], which deals with the possibility of parallel processing of images of RS. The object-oriented approach to 

image analysis is interesting in [2], which is used for the accurate mapping and monitoring in farming and application 

of method of Maximum Likelihood for the segmentation and classification of multispectral image in biology [3]. In the 

literature, there are quite a large number of works that used the method of SVM (Support Vector Machine) for image 

classification. This is the work [4], which deals with the detection of objects in an image using Bayesian decision rules 

weighted possibilities of SVM and the article [7] deals with the image classification based on the histogram using of the 

SVM. A related issue is addressed in [16], concretely image classification using SVC (Super Vector Coding). Wang et 

al [5] present a special algorithm for image recognition. 

The method of detection of textures in the image based on wavelet transform and Hidden Markov Models is discussed 

in [8]. The article [9] presents image classification by method of edge detection and fragmentation of objects. Chen et al 

[11] present a comparison of methods statistical fuzzy sets and edges of geographic objects for image classification. 

Choi and Lee [12] propose to use the block metric and the blur metric for image classification. The use of the image 

classification in medicine is very frequent. The article [13] can be introduced as a typical example of this, which deals 

with the hybrid method for noise reduction and detection of specific objects in images of magnetic resonance. Other 

publications can be included into the field of special methods for image processing. The method of hierarchically - 

synthetic image classification based on the search elements in the image is in [17]. The article [18] deals with image 

classification based on the semantics of the entropy of the image. The publication [21] presents the image classification 

based on studies of manifold in area of data mining from Web images. Kitamoto et al. [22] propose to use a 

probabilistic model of the internal structure of image mixels for its classification. Almeida et al. [24] deal with image 

classification using graph theory, where topology of detected segments in the image is defined using graph algorithms. 

THEORETICAL FOUNDATI ONS 

We will use the theory of rough sets for assess the quality of classification results of orthophoto. The affiliation of 

element to a rough set is mediated by a special relation of equivalence called the relation of indistinguishability. Pawlak 

presented the original definition of rough sets in [1]: 
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Definition: 

We consider the universe of elements U, the set of attributes A and the set of values Vai, whose ai attributes can be 

taken from the A set (V = U Vai). We consider the function g: U x A Ÿ V, which determines attribute values for 

elements of the universe U. In our case, the U set represents orthophoto and the A set represents individual zones of 

orthophoto, i.e. geographic areas (forest, land, roads, etc.). The relation of indistinguishability RE(A) using the 

g function is introduced as follows: 

()( ) ( ) ( )( )ii axgaxgxARExUxx ,,,, 212121 =ÚÍ       (1) 

 

We can determine based on the relation of indistinguishability and other constructs which elements of the universe U 

and with what the qualitative assurance belong into the subset of X Ë U, which is the subject of our interest. In our case, 

this relation differentiates which pixels of the orthophoto belong into certain zones. 

 

Definition [26]: 

The lower approximation is a description of objects, which certainly belong into the X subset. The lower approximation 

is also called the positive area PosiRE(X): 

() ( ){ }XYANDREUYYXPosiRE ÌÍ= )/(8  ,     

 (2) 

where U/RE is the factor set designed on the U set according to the RE(A) relation and the Y is an element of this factor 

set. 

 

Definition: 

The upper approximation is the set of elements of U, which may belong into the X subset. This is referred to PossRE(X) 

(Possibility) and is defined as follows: 

() ( ){ }Å̧ÆÍ= XYANDREUYYXPossRE )/(8       (3) 

The sense of introduction of two definitions is that some pixels of orthophoto can be confidently classified into certain 

zone (the lower approximation), while there are also such pixels which can not with certainty be allocated to any zone 

(the upper approximation). 

 

Definition: 

The set difference between the upper (PossRE(X)) and lower (PosiRE(X)) approximation of X is called the boundary set 

BoundRE(X): 

() () ()XPosiXPossXBound RERERE -=        (4) 

 

Definition: 

Rough set is the X subset of the universe U, which is defined by the upper and lower approximation (PossRE(X), 

PossiRE(X)) and for which the following applies: 

()Å=XBoundRE
.          (5) 

 

The practical meaning of this definition lies in the fact that each pixel of orthophoto must reasonably be classified into 

some area (there are not unclassified pixels). Using rough set, we can define the approximate accuracy ŬRE(X) with 

which found approximation represents the selected set of X: 

()
()( )
()( )XPosscard

XPosicard
X

RE

RE
RE =a          (6) 

In our case, the approximation in equation (6) is a measure of the quality of classification, i.e. to what extent the 

approximation corresponds the classification of the given pixel into relevant class. This accuracy is mainly affected by 

the following factors: 

Å the quality of input data (orthophoto in our case) 

Å the chosen method of automatic classification 

Å the quality of the training set (in terms of supervised classification) 

Å the refined additional operations (filtering, checking, etc.). 

These factors will be discussed in more detail in the next chapter. 

MATERIALS AND METHOD S 

Input datasets of the project were stored in the data warehouse on server and they include: 

Å orthophoto images of the Czech Republic - rasters at the resolution of 25 cm/pixel 
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Å the route of gas line - vectors in DGN format 

Å the route of axis of selected types of communications from the ZABAGED - vectors in SHP format 

Å the boundary of territory according to the administrative division of the state - vectors in SHP format. 

These input datasets had territorial coverage with the total area of 64,350 km
2
. 

 
The overall classification process is shown in the block diagram in Figure 1. In the context of preprocessing, datasets 

are copied from the data warehouse into the project template, which is divided by the territorial principle in the range of 

municipalities with extended competence (ORP). The selecting and copying data is automated using a software module 

created for this purpose in the scripting language Python v. 2.6 with support of ESRI geo-libraries. The control file is a 

local identification register of the CR. Self classification was carried out in ArcGIS v. 10.0. There was elected 

supervised classification method of Maximum Likelihood (MLC). Input datasets of ortofoto showed significant color 

differences, and therefore it was necessary to divide the modeled area into 20 regions with relatively homogeneous 

coloring. The categorization was done according to map layout of the CR in 1: 50 000. Separate classification key was 

created for each area, so better classification results on average up to 80 % was achieved. 

 

  

Fig. 1. The block diagram of classification 

Further refinement of results took place in the supplementary operations (filtering, checking, etc.) - see previous 

chapter. The block scheme is in Figure 2. There was used the subset of communications from datasets of the 

ZABAGED to filter results of MLC classifier. This procedure extended classes of Group II to Group III (see Chap. 1), 

i.e. the extending about the classes of main roads, local roads and paths. A significant benefit of filtration was backward 

refinement of classes of Group II, i.e. the surface of the type of asphalt, because main and local roads consist just of this 

surface. The authors demonstrated [27] that a further increase in the number of datasets for filtering leads to an 

enormous increase in the complexity and time demands of the whole process, which is not effective with respect to 

enhance the quality of results. Therefore, only dataset of the ZABAGED (communications) was used for filtering and 

other slight refinement of classification results have been achieved to a final visual inspection with following manual 

editing in ArcGIS environment. The proportion of manual and automated processes was in the ratio of 53 %: 47 % [27]. 

 
 

Fig. 2. The individual degrees of the refinement of orthophoto classification 
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EXPERIMENTAL RESULTS  

Project implementation was done on PCs Integra 7025 (parameters: Intel Core i5, 3.8 GHz, 16 GB RAM, NVIDIA  

GTX650, 2 GB, HD of SDD type and VelociRaptor), which were interconnected to the computer network. The extent 

of the project was in the territorial dimension of the 64,350 km
2
. The preview of the final output of classified gas lines 

into 10 classes is in Figure 3. 

 

 
 

Fig. 3. The preview of the final output of classified gas lines 

The evaluation of the success of classification and its improvements was made for these outputs of classification: 

1. output from MLC classifier in ArcGIS 

2. output from MLC classifier + additional filtering by dataset of the ZABAGED 

3. output from MLC classifier + filtering by dataset of the ZABAGED + manual editing in ArcGIS. 

 

The results are shown in Table 1. The indicators of classified surfaces were monitored for paved, unpaved surface and 

shadow. The reference indicator were values of the most accurate (final) classification of type 3 (MLC classifier + 

filtering through the ZABAGED + manual editing). The percentages of the error rate from the reference value were 

evaluated for the partial types of output 1 and output 2. This error rate is related to the reference output of type 3. The 

effectiveness of introduction of the ZABAGED filter can be seen from Table 1, when results of output 2 was improved 

on average by 25,4 % for the paved surface and 21,0 % for unpaved surface against the results of output 1 (no filtering, 

only the MLC classifier). Only about 1 % of the errors were removed from output 2 by manual editing. Shadow is an 

undifferentiated category in terms of determining the terrain surface. Table 1 presents the standard deviations evaluated 

from 188 areas of ORP and there are also introduced maximum values of errors in the data analysis. 

 

 Error rate of output 1 (MLC) [%] Error rate of output 2 (MLC + filter) [%] 

Classification 
category 

Paved surface 
Unpaved 
surface 

Shadow Paved surface 
Unpaved 
surface 

Shadow 

Average 25,4 21,0 4,5 1,1 0,7 0,4 

Standard deviation 9,3 8,7 2,6 2,4 2,3 0,5 

Maximum 48,5 45,3 15,9 10,8 10,5 3,4 
 

Tab. 1. The error rate of output 1 and output 2 
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CONCLUSIONS AND FUTURE WORK 

The aim of the project was to classify the terrain surface in areas of storage of gas facilities. The supervised 

classification by the method of Maximum Likelihood was elected in the ArcGIS system. Because the results of this 

classification would be insufficient due to requirement for higher reliability, the refinement was carried out by filtration 

through other input vector dataset of the ZABAGED. The results showed that only one additional dataset for filtering of 

sub-results suffices for the effective achievement of the required quality classification for the given purpose and this 

layer refines results of the automated process. Subsequent visual inspection associated with editing then slightly 

improves the result of classification so that the absolute error rate of the fact, that is represented by the image 

orthophoto, does not exceed 2-3%. 

The results are documented in the final report [27] and can be characterized by the following basic characteristics: 

¶ data analysis shows very high explanatory ability in terms of a low error rate 

¶ technology of data analysis enables repeatability without the human factor 

¶ technology is characterized by speed of obtaining results of data analysis 

¶ effectiveness of reprocessing is recommended after updating of key source datasets such as orthophoto 

(approx 2-3 years) or at the opportunity a larger number of changes in the territory above value of the 

absolute error rate of the data analysis (i.e. 2-3%) 

¶ technology of data analysis has qualitative potential of further refinement of data analysis with 

possibilities of future use of new, qualitatively higher, source datasets. 

The process described in this paper has general character and it can be used for classification of the surface above 

utilities such as water supply, sewerage, electric power distribution, etc. 
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Abstract 

The practicable solution to the problem of degradation of mountainous pastures/hayfields provoked by unplanned and 

unregulated use of farmlands is considered in the article. With the view of developing animal husbandry and managing 

pastures/hayfields, in 2011-2012 the Government of the Republic of Armenia under support of the World Bank 

implemented a Farm Resources Management and Competitiveness Program. The goal of the Program is ceasing a 

trend to overgrazing and degradation of close-to-village sites, using remote pastures/hayfields in the best effective 

manner, improving feed production and animal feeding networks, and promoting a growth in animal feed production 

volumes. To achieve that, the following works were planned and implemented successfully in 23 rural communities of 6 

marzes of the RA, which was done by 3 stages. For the 23 communities series of cartographic layers was produced and 

a relevant database was compiled and mapped. 

INTRODUCTION  

The territory of the Republic of Armenia (RA) occupies an area 29.8 sq. km, the major part of which - 2077 hectares - 

falls on farmlands located at a height 400-3200m a.s.l Such a variation in altitude complicates development of territories 

especially in the case they have an extensive character stemmed from the Soviet era: land plough-up on sites lying at a 

very steep angle of decline - >20 grade, unregulated grazing and so on.   A long-term, unplanned and unregulated use of 

farmlands entailed intense washout of upper soil horizon, which subsequently provoked intense development of erosion 

and degradation of lands [1,4]. A practicable solution to this problem is a scientifically and methodically grounded 

assessment of ecological state of farmlands and economically 'competent' planning and management of agricultural 

resources.  

With the view of developing animal husbandry and managing pastures/hayfields, in 2011-2012 the Government of the 

Republic of Armenia under support of the World Bank implemented a Farm Resources Management and 

Competitiveness Program. The goal of the Program is ceasing a trend to overgrazing and degradation of close-to-village 

sites, using remote pastures/hayfields in the best effective manner, improving feed production and animal feeding 

networks, and promoting a growth in animal feed production volumes. 

METHOD AND MATERIALS  

Implementation of tasks  and ongoing studies planned in the frame of this program, are supported by a series of  

published scientific and methodical sources devoted to physical and geographical conditions and landscape belts  of 

Armeniaôs territories [3]: The pasture sites were selected and mapped employing morphological and morphometric 

methods [2], Whereas assessment of ecological status (total stoniness and degradation level) was done through field 

measurements and analysis and interpretation of satellite images in cameral conditions.  

mailto:ecocentr@sci.am
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The following works were planned and implemented successfully in 23 rural communities of 6 marzes of the RA, which 

was done by 3 stages. In preparatory stage through collation between maps and satellite images visual signatures of 

interpretation of satellite images of separate objects (cliffs, rocky river slopes, etc.) were developed, which in chamber 

conditions would help calculate and exclude idle, vegetation- barren and impassable areas from pastures. Based on field 

observations and tests the overall state of natural pastures and the level of degradation was assessed.  In final stage for 

the 23 communities series of cartographic layers was produced that included relief, river-ravine and road networks, 

infrastructure,  data on land use and soil types in the noted communities were processed, a relevant database was 

compiled and mapped. Finally, with a view of assessing the usable area of vegetation cover on the grazing sites, the area 

occupied by objects found on separate pastures (stone contents, stone fields, rocks, rocky-side ravines etc.) was 

calculated. The latter underpinned the assessment of ecological status of all the grazing sites. 

Prior to mapping the communities and implementation of grassland productivity  studies and assessment works there, a 

series of   meeting had been held with the  PUU community assistant teams,   community leaders, representatives and 

experts of Pasture Users Union (Figure. 1).  The meetings included discussions concentrated on numerous 

organizational pasture management and livestock farming issues. In particular, from local self-governance bodies 

information was collected regarding major directions of farm activities, farmland types, a  total population of large and 

small horned cattle,   composition of herds and flocks,  feed demand, volumes of produced, stocked and purchased feed, 

duration of grazing  and stall feeding periods. Cadastre data were collated with available maps, names of pastures, 

dimensions and limits of pasture sites and usable and unusable plots within their bounds (structures, stony sites, pastures 

which are not used as posing a threat) modern infrastructures (gas pipes, irrigation points, high voltage electric wire) 

were specified and  schematic maps  produced.   

The research was implemented employing traditional and up-to-date methods with an emphasis on the latest geo-

informational and remote sensing methods. Data support consisted of topographic maps sc.1:10000, thematic maps 

(landscape, geomorphologic etc.), satellite images (SPOT, QuickBird, Terra Modis, GeoEye  etc.), scientific archival 

literature and reports. The databases were created and developed in the environment AutoCAD 2010, ArcGIS 9.2. 

 

  

Fig. 1Meetings and discussions with experts and representatives of local self-governance bodies. 

DISCUSSIONS 

In the result series of cartographic layers was produced and a relevant database was compiled and mapped for the 23 

communities of 6 administrative districts (marzes). The discussion of the results obtained will be considered by Harzhis 

rural community. 

Community of Harzhis  

Community of Harzhis has a population of 831 people and 175 home farms. The community lies on the Syuniki 

volcanic plateau within the bounds of mountain-meadow-steppe, sub-alpine meadow and alpine mountain-meadow 

landscape belts. It possesses of 5629 ha of different-purpose land, 2218 out of which being pasture sites and 775 ha ï 

arable land (Tab. 1). Based on the area of the community  pasture sites and the number of large and small horned cattle 
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(738 CH), one may conclude that the share of 1CH - an area of 3.0 ha - meets a standard set by the RA Government 

resolution N
0
389 as of 2011 ñRegulation of pasture and hayfield useò [4]. 

Table  1. Land ownership structure in Harzhis community. 

Farmland types Area/ha 
Allocation according to  type of  ownership, ha    

Private  Community State 

Arable land 1157 897 51 209 

Pasture sites 

Close-to-village 667 
- 540 1678 

Remote 1551 

Close-to-home plots of land 44 44 - - 

Land for other purposes *  2210 - 2210 - 

                                   Total:  5629 941 2801 1887 

 

Physical and geographical specificities of the community 

Harzhis community lies in the following consecutive main and intermediate landscape belts (Figure 2, 3):  

Mountain-meadow-steppe belt. 

The belt is intermediate between mountain-steppe and alpine mountain-meadow belts. The quantity of biomass there 

gradually reduces with a temperature decrease and as a lower section of a successive alpine belt it exhibits a spread of 

sub-alpine grasses. Climatic conditions are characterized by  humid winter, low temperature in summer and even 

distribution of atmospheric precipitation during vegetation period. Atmospheric precipitation varies 650 to 700mm, in 

summer months hail events are more frequent. A frosty period lasts from September to May. A frost-free period lasts 4-

4,5 months. Soils are exclusively diverse and are dominated by varities of  mountain-meadow  black soils. On sharply 

inclined slopes stony accumulations and irregularly ï bedrock outcrops in form of cliffs are observable.  

Sub-Alpine meadow belt 

The bounds of this belt are strongly conditional. In contrast to the above described mountain-meadow-steppe belt, 

summer months in sub-alpine meadow belt are cooler and a frosty period starts in August. Atmospheric precipitation 

does not exceed 700mm. The soils are of typical mountain-meadow  swamp-soddy  types,  their thickness often 

overstepping 50-60cm. On some patches soils differ by stone contents. Specific composition of meadow plants is very 

diverse and includes some 120-130 species. 

Alpine mountain-meadow belt. 

 Natural processes there run in conditions of low temperatures and relatively high humidity. Winter period is long (5-

6months) and snowy.  Mean air temperature in winter is-10
0
C, the lowest - -46

0
C. Vegetation period lasts 2-3months. A 

soil formation process runs in conditions of a persistent snow cover. Low temperatures contribute to origination of a 

thick humic layer. The belt is characterized by mountain-meadow cinnamonic soddy soils. The most widespread plant 

species include dandelion, blue-bells, alpine meadow grass, sedge, wormwood, feather grass, clover. A specific feature 

of the landscapes of those belts is that separate cliffs, boulders and vast stone-fields often violate homogenous 

vegetation cover there. Those formations have unique vegetation cover, which composition largely depends on slope 

aspects and micro- 
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Figure 2. A schematic map of pasture site positioning in community of Harzhis. 

conditions of stony accumulations (presence of fine soils, humidity accumulation conditions, dimensions of cliffs and 

boulders, etc.). 

Like mountain-meadow-steppe belt, in alpine belt either no arable farming is developed because of a lack of appropriate 

temperatures required for cultivated plants.   Hence, the noted belts are treated in the republic as summer animal camps.    

Ecological characteristic of pasture sites. Within the bounds of the noted belts, 31 pasture sites were isolated. (Tab. 2) 

Within mountain-meadow-steppe belt, we isolated close-to-village pastures sites of  Khootis1,2, Dahnai dzor, Ghashgha 

tapa, Avazahank, Karvasarai taratsk, Gyoli taratsk, Karablour1,2, Chobantapa1,2. A degree of stoniness of the noted  

pasture sites is above average 15-18%,  a large share falling also on  stone slides, except  pasture sites of Khootis2 and 

Ghashgha tapa, where it makes 7-9%.  Ecological status of the close-to-village pastures is  poor, there one may observe 

sharply inclined slopes with soils degraded in the result of overgrazing and permanent movement of animals; in this 

respect one should emphasize Dahnai dzor. The status of Khootis1,2 pasture sites is relatively good. One more  cause of 

pasture degradation is a presence of a sandpit. The ecological status of the pastures is under a substantial impact of 

roads and operating farm machines.     
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Table 2 Elements   and other areas found on pasture sites (%) 

ˉ  Name of grazing 

sites 

Stone 

contents 

Cliffy 

ravines, 

rivers 

Earth road  Buildings, 

structures 

Lakes, 

ponds 

Trees, 

bushes 

Area 

covered 

with 

vegetation 

Total 

area of a 

pasture 

site, ha 

1 Khootis1 12,00      88,00 94,06 

2 Khootis 2 7,00      93,00 66,19 

3  Ghashgha tapa 9,00  0,47   7,00 83,53 32,02 

4  Dahnai dzor 15,00 0,94     84,06 38,14 

5 Avazahank 12,00      88,00 63,88 

6  Karvasarai taratsk 17,00 0,23     82,77 88,49 

7  Gyoli taratsk 10,00 0,28   1,00  88,72 71,22 

8 Karablour1 18,00      82,00 54,67 

9 Karablour 2 13,00      87,00 31,14 

10 Chobantapa1 16,00      84,00 57,33 

11 Chobantapa 2 18,00 0,29     81,71 69,44 

12 Shinuhayri koghm1 15,00      85,00 79,89 

13 

Shinuhayri koghm 

2 20,00 0,51  0,26   79,23 78,25 

14 

Shinuhayri koghm 

3 16,00 0,50     83,50 80,46 

15 

Shinuhayri koghm 

4 19,00      81,00 65,97 

16 Kemin dzor 1 17,00  0,38    82,62 78,85 

17 Kemin dzor 2 19,00      81,00 127,30 

18 Kemin dzor 3 24,00 0,44     75,56 90,66 

19 Kemin dzor 4 25,00 0,21 0,31    74,48 95,29 

20 Urooti koghm1 16,00 0,74 0,48    82,77 53,84 

21 Urooti koghm 2 16,00 0,13     83,87 78,59 

22 Urooti koghm 3 18,00 0,54 0,41    81,05 73,46 

23 Urooti koghm 4 19,00 0,25     80,75 80,40 

24 Urooti koghm 5 24,00      76,00 81,55 

25 Banjaroot1 16,00 0,23 0,70    83,07 85,78 

26 Banjaroot 2 16,00 0,27     83,73 72,88 

27 Banjaroot 3 15,00 0,43  0,11   84,46 92,24 

28 Hartasheni koghm 1 20,00   0,39   79,61 50,90 

29 Hartasheni koghm 2 17,00  0,54 0,07 0,30  82,10 72,78 

30 Hartasheni koghm 3 19,00  1,71    79,29 35,07 

31 Hartasheni koghm 4 24,00      76,00 89,95 

 

Within sub-alpine meadow belt we isolated pasture sites of Kemin dzor1,2. Shinuhayri koghm 1,2,3,4, Urooti 

koghm1,2,3,4,5. A degree of stoniness is high, the sites comprise vast stone-fields. On inclined slopes, one may identify 

soil erosion risks. In contrast to close-to-village pastures, ecological status of the noted pastures is relatively good.   

Within alpine mountain-meadow belt, Kemin dzor 3,4. Banjaroot 1,2,3, Hartasheni koghm1,2,3,4 pasture sites were 

isolated. A degree of stoniness of pastures located within the noted belt reaches 25%, a large share falls on steep slopes 

that are a prerequisite for triggering a soil erosion process. Ecological status of the remote pastures is good, soil 

degradation risks are low due to under-grazing.    
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Figure 3 A rotation grazing network for a rural community of Harzhis. 
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 CONCLUSION 

Å In pastures sites the observed erosion risks are associated with steep deep canyons and steep slopes 

Å The main reasons for the degradation of pastures are continuous movement of livestock overgrazing and the presence 

of the road network,  

Å The created databases of pastures will provide an opportunity to effectively manage heavily grazed pastures of the 

community, increase their productivity and to improve the ecological status. 
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Abstract 

Within hours of an event state personnel must conduct a Preliminary Disaster Assessment (PDA) estimating the amount 

of damage to justify a Presidential Disaster Declaration. This paper describes a project supported by the U.S. 

Department of Homeland Security (DHS) for developing a mobile application to collect geospatial information using 

either connected or disconnected modes, and ingesting pre- and post-disaster imagery as a guide for field personnel.  In 

this research we worked with the state of Louisiana emergency management parish directors supporting PDA estimates 

and DHS staff in a 1) data needs assessment and 2) concept and implementation solution development for this mobile 

geographic solution. A mobile geospatial application for iOS/Android devices was developed for recording, 

transmitting, and visualizing field collected, geospatial, and remote sensing imagery on mobile-held devices (i.e. cell 

phone and tablets). The entire software solution was developed with open-source and custom code and will be 

distributed freely. 

CONTEXT  

Disasters are considered recurring events and thus, in research, the concept of a hazard cycle is used to describe the 

sequential phases of the hazard cycle. The common phases described are event, response, recovery, planning/mitigation, 

warning ï followed by another event. The response phase of the hazard cycle is the shortest phase (e.g. 3-days) and 

considered one of the most chaotic yet most important. During this short phase an assessment of the damage, its spatial 

extent, resources needed (drinkable water, food, clothing, shelter), and injured/dead is made. 

An ongoing need during the disaster response and recovery phases of the hazard cycle is to allow field personnel to 

collect geospatial information and immediately send (or quickly synchronize) the collected data to a command center. 

Clarke has enumerated much of the issues in a research agenda with using mobile apps (Clarke, 2004). Such data 

collection often takes places using tablets or cell phones with a óbackdropô of other geospatial information, such as 

transportation infrastructure or aerial/satellite imagery (NOAA, 2001; DeCapua, 2007; Hodgson et al., 2013). 

Numerous óappsô for these applications for iOS or Android devices are available in the online distribution portals, such 

as Google Play or ITunes (American Red Cross, 2014). The major GIS vendors (e.g., ESRI) have also developed ófreeô 

apps (e.g., ArcGIS app) that can be used to collect geospatial information. However, such apps are rarely ófreeô but 

involve the acceptance of product advertisements, usage fees (e.g. subscription service for storing data online), or even 

high-end server installations. Most importantly, such apps may not be used in a disconnected mode (i.e. when the 

cellular connection or Wi-Fi connection is unavailable). Furthermore, data collected by local, state, or federal response 

teams is normally confidential. The collection, editing, and even visibility of the data must be restricted to authorized 

users, necessitating a carefully orchestrated system of user management with defined roles. 
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This project reports on an app that meets the user requirements as defined by the United States Department of 

Homeland Security (DHS) and the State of Louisiana parishes. The design, implementation, and testing phases were 

conducted using the agile programming paradigm and involved numerous parishes in Louisiana and tests in the United 

States and Europe. The users for the application were a critical part of the design phase and provided important 

feedback on each step in the agile development process. The unique aspects of this project include the online/offline 

synchronization requirement, the pre- and post- imagery requirement, and the low-cost implementation strategy. The 

solution for a mobile geographic data collection application with imagery support faced considerable technical and 

adoption challenges. 

We are also painfully aware that any new technology ósolutionô would not be used during the next disaster unless the 

stakeholder community had already adopted and trained with the solution. Our approach to this problem was to work 

directly with state and parish officials in Louisiana at several levels to help define/refine their requirements, customize a 

solution, and train the administrators and final users with the technology solution. 

ITERATIVE APPLICATIO N DEVELOPMENT PROCESS 

The best approximation of the software development cycle for this project would be the agile development approach 

(Beck et al., 2001). The classic waterfall design (Bell and Thayer, 1976) has been criticized for many reasons but is 

clearly not appropriate for this project as 1) the requirements were loosely defined and 2) software technology changed 

during the project. The requirements for the mobile application could not be rigorously defined prior to beginning the 

software development/implementation.  The needs of the clients/stakeholders both became more defined and evolved 

during development. In fact, the telecoms and group meetings enabled the stakeholders to assemble together and 

collectively discuss the requirements and context for implementation. These meetings forced the stakeholders to reach a 

consensus on the issues, the requirements, the implementation solutions, and the authorities. The final meeting was 

conducted at the Governorôs Office of Homeland Security and Emergency Preparedness (GOHSEP) in Baton Rouge, 

Louisiana where both a focus group and some training took place (Figure 1). 

 

 

Figure 1. Focus group and training of Parish directors (left) and (right). 

Thus, we used an agile software design model to work with the stakeholders as the most important part of the project. 

The agile design allowed us to completely abandon one software solution (i.e. a custom ESRI iOS solution) because of 

1) the stringent online database/server requirement and 2) the delays in the ESRI offline GIS mobile application. Our 

agile development cycle was composed of the following steps: 

1. Initial set of requirements from Focus Group of Louisiana staff on Public Disaster Assistance (PDA) needs 

2. Scoping of technology (server-side, mobile-side) availability 

3. Scoping of business models (i.e. software licensing, cloud-server costs, local-server possibilities) 

4. Mobile device support requirements 

5. Integration of existing and near-real time imagery 

6. Approaches to deploy software on mobile devices 

7. Prototypes (ESRI and open-source) 

8. In-house testing 

a) b) 




