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INTRODUCTION

Dear colleagues,

Welcome to the ' edition of the International Conference on Cartography and GIS in Bulgaria. The previous events
took place in Borogts (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 AACEG. This year, 2014, the summer resort of Riviera Holiday Club will

wel come the participants from 15 to 20 June. The orgal
latest achievements of cartography combined with GIS in the regidreddlkan 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 gsepatial data in the area of science, economy, managenwahbgy, 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 datacquisition by remote sensing technologies for cartographic purposes
GIS for Geology and Natural Sciences

=8 =4 =8 -8 -8 -8 _8_a_a_a_9_°9

In these years, marked by social and natural crises, these topics allow us to outline the hunger of our users for
cartography achievements. Theycathow 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:
1 Cartography and Children,
i Cartography on Early Warning and Crises Management, and
1 Map Projection

will have their annual meetings.

Two-day Seminar with EU Cooperation on Early Warning and Disaster / Qfisragement 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 conferences supported by Ministry of Education and Science, by Ministry of Defénstlitary 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 evéyst.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 abovementioned Seminar that has acquired EU dimension boilinar 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 follogvicgigzahies

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 intergovernmarGroup 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 themaps"
Assoc. Prof. SISI ZLATANOVA, Dr.
Leader of a research group "Giedormation for Crisis Response" at the GIS Technology section, TU

Delft, The NETHERLANDS

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

Sponsor Keynote Speakers

MICH AEL GOULD, Ph.D.
Global Education Manager, ESRI, USA

"Cartography and other Key Components of the GIS Platform for a Mbkste/Vorld"

ROBERT H. NAGY
Regional Channel Manager for Central and Sdzaktern Europe, Hexagon Geospatial, HUNGARY

"21 century GIS workflowsFusing 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 cgsionk. 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 collaboratioritia 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 ARTIFICIA L SURFACES IMPACT ON
URBAN HEAT ISLANDS O F NOVI SAD, SERBIA

Mar kovil LViSQtdamkiaodyv Savijfe g%l awdad Macvhali
Marko *

'PhD, Vladimir Markovi Center for Spatial Information of Vojvodina, Faculty of Science,
University of Novi Sad, Trg Dmalliteja Obradovi
vladimir.markovic@dgt.uns.ac.rs

'hD, Ugljega Stankov, Center for Spati al I nf o
of Novi Sad, Trg Dosi t ej amalbgljeaadstankov@aegt.uBs.ac.rsl o v i

’h D, St e Clanatolo§ysand Hydrology Research Centre, Faculty of Science, University
of Novi Sad, Trg DositejamaDbredani $avidl @algwvi u

3’ hd, Mi c hraculty 6f Saenck, @epartment of Geography, Geology and Landscape
Ecology, Tajovsk®ho 4 @®&mailBrachabklugo@Bmbssk r i ca, Sl ov

‘BSc, Ma r k dHydPometdomlegicdl Service of Serbepartmentfor Hydromet.Early
Warning Systemand Aviation Meteorology T v r PerevaradihSerbia e-mail:
marko.pavlovic@idmet.gov.rs

Abstract

Our study presents some possibilities of quantifiimgnan 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, Serbiband 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 patcheNP, CAi 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 @ggr. UHI metrics of Novi Sad reveal human impact indicating
relation between presence of artificial surface areas and increased air temperatures.

Keywords:Urban Heat Islandair temperature, CLC, Novi Sad, Serbia
INTRODUCTION

It is crucial in land coveand climate change research to systematically describe the environment in order to detect its
changes,humanel|l at ed causes and responses. Earthds | and surf
processes of global environmental chanbleerefore, 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 ntimeedate subsurtacetireladingtiotat h e
soil, topography, surface and groundwater, and human (mainlyuplittructure (Lambin, Geist & Rindfuss, 2006).

This paper analyse land cover patches and urban temperature intensity of the City of Novij&adin&, 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 longterm 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 thermakristamscodf 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 of27 stations with automatic data logger and transmission system; creation-oé$ogition maps from the
processed data about spatial structure of the thermal conditions, thermal load, and their contintgus, oakhe
presentation in the internen@ public screen.

12


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

5" Internaional Conference on Carthography and GIS
June 1520, 2014, Riviera, Bulgaria

The information provided by the system including the local governments, health authorities, heating suppliers,
institutions and the public:

A - threshold numbers for the enactment o ft may pnmpriove dhe | 'y d i
effectiveness of the measures required during heat Wwaoeeger health risk,

A metrics for the spatially differentiated optimizatio
significantly reduce the energy consuiop.

MATERIALS AND METHOD S

According to Oke (1984) and Svensson et al. (2002) three types of models can be applied for climate related research in
urban environments: humerical, physical and empirically based models.

For input model, authors were useddabof annual mean UHI intensity created by Unger et al. (2011a; 2011b), that is
based on empirical modeling study of Bal 8zs etlOlal . (
software.Quantification of landscape elements (langderopattes) in this papers were based on following landscape
metrics:

NP (Number of patche$)equals the number of land cover patches in each patclhi tipes.
CA (Class area)equals the sum of the areas belonging to a given class. Units of equals:eyoateas (7).
% (Percentage) 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.c@issification consists of 44 land cover
categories. The five general levels are: 1) artificial surfaces, 2) agricultural areas, 3) forests aratusahareas, 4)
wetlands, and 5) water bodies (Heymann et al., 1994).

Land cover patchesclass typeshat 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. hdustrial, 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, noragricultural vegetated areas. Green urbaasare
142- Artificial surfaces. Artificial, noragricultural vegetated areas. Sport and leisure facilities
211- Agricultural areas. Arable land. Namrigated arable land
231- Agricultural areas. Pastures
242- Agricultural areas. Heterogeneous agricultarg@as. 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. Bleawkd 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. Transitionaishodhlland
331- Forest and semi natural areas. Opaaces with little or no vegetation. Beaches, dunes, sands
4117 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 2201 and Savi | et al . fbasédl 3 a) ,
classification system based on the earlier studies from the last decades, as well as a thorough review on the empirical
heat island literature and worlgide surveys of the measurement sites with teeiroundings. 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 surroummesn@s(LThe) ed
Novi Sad is defined seven LCZs.
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STUDY AREA

Novi Sad is located in the northern part of Serbia (Vojvodina Provinc&) [EU)) 19500 E). The investigated area is
plain (mostly from 80 to 86m a.s.l.) on Holocene sediments with aegegiief, so generally, the climate is free from
orographic effects (Unger et al. 2011a; 2011b).

According to KopperGeiger climate classification, the region around Novi Sad is categorised as Cf climate (temperate
warm climate with a rather uniform annufstribution of precipitation) (Kottek et al., 2006). In Novi Sad, the annual
mean air temperature is 1Xwith an annual range of 221 The mean annual precipitation amount is 615 mm (based
on data from 1949 to 2008). Novi Sad is the second lanigsin Serbia and has a population of 285.756 inhabitants
(data from 2009) in a builip area of approximately 60 kKgSavi et al . 2013b)

RESULTS

A GIS analysis of Corine Land Cover impacts on UHI

Based on previous research of Unger et al. (20114, 201 and Popov and Savil (2010) t
annual mean UHI temperature intensity in area of Novi
and +4UC). Evaluation of zones i ssimbeacheahe, and thig researdhiisf i ¢ a

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).

“e

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

The zone oD UC o f U Hdccupies3?.Elhasandt ityisd.64% of the total urban area (Table 1). This is external
zone and the smallest one, with climate conditions the most likely as reaahaXovi Sad surroundings.

Number of patches (NP) i U C s @.nTkat 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) encompas$ 36.12%
OUC zone.

14



5" Internaional Conference on Carthography and GIS
June 1520, 2014, Riviera, Bulgaria

Table1.0 Uzdne 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

122 1 0.39 1.03
Note: NPi number of patches; CAclass area; MPB mean patch size

The area 00 . 5 U Cocaupmess61.46ha, that isl1.3%% of the total urban area (Table 2).

NP in0 . 5 UC is 23 fhat is 23.24% from all patches in research area. That means this zone is extensively
fragmented compared with other zon&stal area of artificial surfaces (112, 121, 141, 142, 122) encompass 26.76%
Even this is smaller than in the 0UC zone, the i mpact
artificial surfaces patches.

Table 20 . 5zth€ of UHI tempature 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 ol UC acoupie75.35ha, that isl6.74% of the total urban area (Table 3).

NP in 10 C zso4d. @hat is 23.78% from all patches in research area. That means this zone is extensivelyeflagmen
compared with other zones. Total area of artificial surfaces (112, 121, 141, 142, 122, 123) encompass 54.36%.
Comparing with previous zonegrcentage of area under the artificial surfaces is higher for 27.6% and temperature is
hi gher for 0.5 UC.

15



5" Internaional Conference on Carthography and GIS

June 1520, 2014, Riviera, Bulgaria

Tabd e 3. 1UC zone of UHI temperature inte
Class NP CA %
112 4 32541 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 1158 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 ol . 5 U Cocaumes386.79%ha, that isl5.224 of the total area (Table 4).

NP in 1.3 C zi® 36e That is 19.46% from all patches fiesearch 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 . 5 U CCampanirg with previous zonpercentage of area under the artificialfaoes is higher for 23.11%.

Table 4. 1.50C zone of UHI temperature i
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 4258 4.80
141 2 35.69 4.02
122 3  35.27 3.98
324 2 2741 3.09
211 4 23.25 2.62
311 1 13.45 1.52
123 1 1159 1.31
512 1 296 0.33
331 1 095 0.11
231 1 0.16 0.02

The area o2 U C acoupieB852.22ha, that is14.63% of the total urban area (Table 5).

NP in 2J QJHI zoneis 27. That is 14.59% from all patches in research d&fbat means this zone is moderate
fragmented compared with other zones. Total area of artificial surfaces (112, 121, 122, 123, 141) encompass 90.95% of
thezone.Comparing with previous zonpercentage of area under the artificial surfaces is higheBfd8%.
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Table 5. 2UC zone of UHI temperature int

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 o . 5 U Cocaumesd4.3ha (Table 6), that i$5.6%% of the total area.

NP in 28 C ziolIR.eThat is 6.49% from all patches in research area. That means this zone is less fragmented
compared with other zone3otal area of artificial surfaces (112, 121, 122, 123) encompass 96.068& abne.
Comparing with previous zonpercentage of area under the artificial surfaces is higher for 5.11%.

Table 6. 2.50C zone of UHI temperature i

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 8 C  zoocupees705.79ha, that isl2.12%6 of the total urban area (Table 7).

NP in 3 C zioXeThat is 5.41% from all patches riesearch area. That means this zone is less fragmented
compared with other zones. Total area of artificial surfaces (112, 121, 122, 123) encompass @8rgésing with

previous zonepercentage of area under the artificial surfaces is higher for 3.8280at e mper at ur e i s hi g

Table 7 3 Uzdne 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 38 C  zoocupess86.7ha, that isL0.0P6 of thetotal area (Table 8).

NP in 3.8 C zi® % &hat 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 1®%oo€ Comparing

with previous zonepercentage of area under the artificial surfaces is higher for 0.02%.
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Table 8. 3.5UC zone of UHI temperature i

Class NP CA %
112 1 553.96 94.42
121 3 24.92 4.25
122 1 7.83 1.34

The area of Y C  zoocup@es206.19 fa, that $ 3.5%% of the total urban area (Table 9).

NP in 4J @Qoneis 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 surfd@seficompasses 100%
Comparing with previous zonpercentage of area under the artificial surfaces is the same and temperature is higher for
0.5 UC.

Table 9. 4UC zone of UHI temperature int

Class NP CA %
112 1 206.19 100

A GIS analysis of ovelapped LCZs and UHI

Based on research Stewart and Oke (2012), collected metadata from field works and secondary sources (e.g. aerial
photographs, topographic magsblished tables of property valuesc.) were used for the definition of LCZ types.

Each LCZ has to have minimum diameter of 4@M0 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 surroundingBigure?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 shafeGn A CGtd N C UH |
(74.21%, 38.87%, 26.9% respective(flable 10). LCZ 6 (open lowise) has the highest sharedn. 5 A G 1.5AZA C

1AC and OAC UHI (52.6%, 56.11%, 64.07%, 5A4hadthcdhigrestd 7 4.
share irD . 5(32@7%).

Comparing percentage of LCZs in UHI zones it can be concluded thiaigthest share have zones LCZ 5 and LCZ 6
zones determined as fAop-aEse)d0 (open midrise and open | ow
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Table10. Overlapping UHI and LCZs in Novi Sad

% LCZ 2 LCZ3 LCZ5 LCZ6 LCZ 8 LCZ9 LCZ 10
4AC 11.21 14.58 74.21 - - - -

3. 5A(3839 15.76 38.87 1.44 5.54 - -
3AC 14.8 10.13 26.9 18.74 19.92 - 9.51
2. 5AC3.26 3.87 23.57 52.6 15.94 0.28 0.48
2AC 2.07 4.15 16.04 56.11 9.95 2.2 9.48
1. 5AC0.99 3.04 7.67 64.07 7.11 12.15 4.97
1AC 0.03 1.35 2.97 54.74 9.16 26.83 4.92
0. 5AC- - - 40.48 4.45 52.87 2.2
0AC - - - 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 offiderg LCZ have to be supported by high quality monitoring network stations (recorded
minimum one parametérair temperature).

Therefore, in the future, it is planned to use GIS methods developed by Department of Climatology and Landscape
Ecology (Univergty 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 WoSad and Szeged and the associated continuous data recording,
transmission and processing, as well as thetine& 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 itensity zonesEvaluation of artificial surface ratio values by temperature zones varies from 26.76% to
100% in densely budtu p downt own, and temperad4lUCesTharympaom &@&fUCa
increasing temperatures is evident, hesae i n al mo st al |l zones (except 0.5U0C
under the artificial surfaces indicates the increasing temperatures in the same area. Results show that total area of
temperature zone is opposite proportional with increasingroperatures, 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, maintainee b§zech Office for
Surveying, Mapping and Cadaster (COSMC), was launched in middle of 2012 as a key elemengo¥d¢neneent in

the Czech Republic from the geographical information point of view. The data in RTIARE should serve as the reference
data fa 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 donarsocontrols 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 thehtelogy 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 implemeatsitioeal 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 tevtite &iministrator 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 featuregjonform
about territorially evidence units, addresses, territorial identification and information about powgbgerritorial

features. The register also contains information about the state territory and lower territorial units, information about
parces, 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 i® provide the reference data for other systemsgdvernment 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 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 aopological cleaningJanecka (2009); Janecka (2008a)ed&a (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 C@aSkahe the following controls (without

using geometries, just using attribute data):

1 a) a control of building objects (duplicate definition points of building objects),
1 b) a control of streets,
1 c¢) a control of building objects without relation to thets of municipalities,
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1 d) a control of address points without a definition point,
1 e) acontrol of streets without related address points,
1 f) acontrol of unrelated address points on the building objects with entrances.

The outputs of these controls adeitified errors which should be repaired by operators. The detail information about
the above mentioned controls can be found in (COSMC, 2014a).

3 CONTROLS BASED ONGEOMETRIES

All the controls are based on a distance analysis. For each control the peomeduable for storing the results of the
controls were created. The distance analysis is based audohédistance  function that is available by default in
Oracle Spatial.

The algorithms for following controls were proposed and implemented:

9 the relatonships of address points to the streets and their remoteness,
1 the finding of duplicities in address points with relation to various street,
1 the control of streets focused on the discontinuity (duplicate streets).

3.1 Source data processing

The data from RIARE 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 .useparticular, the exchange format processing was done as follows:

Import of exchange format into ESRI geodatabase

Conversion of geodatabase into shapefile

Loading of shapefiles into Oracle database (separate tables with raw source data)
Creation of he data model (using Oracle Spatial capabilities)

Import of data into Oracle Spatial data model

arwDdE

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 abtreefinal (simplified) data model is captured on figure 1.

MUNICIPALITY
p * Code BASIC ADMN_UNIT

p + Code
/

¢+ CodastreUnit

iy
ADMIN_DISTRICT URBAN DISTRICT PRAGUE MUNICIPALITY_PART STREET *CADASTRE UNIT

» * Code P * Code p * Code P * Code p + Code

¥ * Municipality F * Munidpality F * Municipality F * Municipality F © Muniipality

~_1/ _] 1

UrbanDistrictPartMunicipality OURLOING_OBKCT T
p * Code * Code * CadastreUnit

F * Municipality : ldcntllkahorfPu,(el
istri * PartOfMunidipality

F  UrbanDistrictPrague . 3

F AdministrativeDistrict UrbDistrPartMunicipal

ADDRESS_POINT
P * Code
'+ + BuildingObject
F  Street

E‘)
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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 arg grobably 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 timeetlsarch was done there were approximately

122 300 of address points without the definition point. The total count of all address points in RTIABEZ5i365

(valid to 18" April 2014) and is still increasing. If the definition point of address poirgtexhen this point is used for

the control. I f the definition point doesndét exist the
which the address point is connected wiohpointofittfe pascalorh de f
which the building object is located is used (see figure 2).

§
I it Jigi0]

T

(@) (b) (©

Fig. 2: (a) definition points (green dots) of address points, (b) definition point (red dot) of the building object and (c)
definition points (redlots) of the parcels on which the building object is located.

3.2.1 Practical implementation

At the beginning the tableab_StreetsAddrPlaces with attributesaddrPlace , distance , way and
evaluation  was created. The attribugeldrPlace contains a code of ¢haddress place. The attributistance
contains the calculated distance between the definition point and street. The attapgaves information about the
type of definition point which was used for the distance analysis. The attébatgation 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 definedhérmore, such created list is gone through and
for each address point the distance is calculated by one out of the three following ways:

T Wayl
If the definition point of the address point exists then the distance is calculated using the geomesry of thi
definition point.
The maximum allowable distance is 50 m (a priori set threshold value).

1T Way?2
I f the definition point of the address point doesn
then this definition point is used for calating the distance.
The maximum allowable distance is 70 m (a priori set threshold value).
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1T Way3
If neither definition point of address point nor the definition point of building object exist but the connection
between the building object and parcel &xishen 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_Str eetsAddrPlaces table.

The testing data contained 232 of address points (records) with the defined streets which also have the definition
line. The way 1 was used for the most of records3(23. 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.

Address points and their distances
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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 ver)
probably some other streets in shorter distances exist. If this is true therildigglabject 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 add¥ss points
1 <50m satisfy 21 415
>50 m donodt s 1958
2 <70m satisfy 219
>70m dondt s 58
3 <100 m satisfy 16
>100m doesnodt 1
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The address points which exceed the given threshold should be controlled if theanlixatiht 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 poiete dddress 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 aery shortdistance. The aim of this control is to discover all badly located addogss pnd 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).
3.31 Practical implementation

At the beginning the tableab_AddrPlaces with attributesaddrPlacel , addrPlace2  anddistance was
created. The table serves for storing the couple of address places and a distance between them.

First, the list (a cursor datakessobject) containing all building objects with more than one address point was defined as
demonstrates example 1.

Example 1:

CURSORCc_list IS
SELECT building_object
FROMaddress_point
WHEREdefinition_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 distancesparteddor the all matrix
elements above the main diagonal. Each computed distance is then stored irtsideAbdrPlaces table.

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

Example 2:
-~ open cursor
OPENC _list;
LOOP
FETCH c_list INTO building;
EXIT WHEN c_list%notfound;
-- open the listl
OPEN listl FOR
SELECT code, definition_point
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FROMaddress_point

WHEREdefinition_point IS NOT NULL
AND building_object = building;
LOOP

FETCH listl INTO addr_point, geometry;
EXIT WHEN list_1%notfound;
-- open the list2
OPEN list2 FOR
SELECT code, definition_point
FROMaddress_point

WHEREdefinition_point ISNOT 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. 8B 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 oneicipality 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 remeEsuge serious troubles e.g. during

the navigation of ambulance.

There are several ways how the duplicities arise:

1 Casel

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

1 Case?

It can happen that local authority, which is responsible &ming the streets, decides to name a street with
already existing name. In such case the local authority goes against the law.
1 Case3

If the e.g. highway development crosses the existing road, then one part of the original (divided) road should
rename (seég. 6).

Former street

Newly built street

== —— N —— T —— I ——— . —

Former street

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

1 Case4

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 theneV discontinuous parts of the original street can remain (see fig. 7).

Palni street

Horni street

Luéni street
Polni street

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 attrbute 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 carséen 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 segmewksfimition 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 demonstratespéxa.

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 aten_segment, assigned |,

distance andpart_geometry . The attributenum_segment is an order number of the segment from the street
geometry. The attributassigned 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 iomeusditie. The attribute
distance stores the minimal distance between the previous segment and the actual segment.

Thec_list is gone through and for each street the specific number of roted irstreets_comp is created.

The number of created rows isuad| to the number of segments from which the particular street consists of. The first
segment has thassigned 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 unassipwdents is computed. If the computed distance for some
unassigned segment is zero, then this segment is assigned to the particular segmentgsstgrteéd value 1). If

there is no zero distance for all unassigned segments then a new part of this stested. 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 (storedssigned  attribute) indicates from how many
discontinuous parts therset consists of. For all discontinuous parts of the street are also computed the distances among
t hemsel ves. To consider the geometry of the street as
than the threshold value (a priogtsl50 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
contolled 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 chafit&g 3vére successfully testeipon

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 mentined 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 inIRRE.

Acknowledgment
This paper was supported by the Eur opean NeweTgdhrmlogees De v e
on

for the I nformati Societyo, European Centre of Excel

29



5" Internaional Conference on Carthography and GIS
June 1520, 2014, Riviera, Bulgaria

REFERENCES
ARCDATA Praha. URL: http://wwwvarcdata.cz/produkigsluzby/software/arcdagpraha/vfrimport/ [cit. 201403-05].

BARTOS, J. Geodata and Metadata in Information System of Cadaster in the INSPIRE Environment. Doctoral thesis. Czech
Technical University in Prague. Prague, 2010.

Czech Ofice for Surveying, Mapping and Cadaster (a). RTIARE. URL: http://www.cuzk.cz/ruian/RUIAN.aspx. [cit02d15].
Czech Office for Surveying, Mapping and Cadaster (b).

URL: http://www.cuzk.cz/Uvod/Produkigsluzby/RUIAN/3Overeniuplnostia-spravnostudajuISUI-RUIAN/Kontroly-datISUI-
RUIAN/Kontroly-datISUI-RUIAN.aspx [cit. 201403-10].

JANECKA, K. Modelling of Consistent Geodatabase on Data Model of Cadaster Level. Doctoral thesis. Pilsen, 2009.

JANECKA, K. (a) Automatic Identification of Inconséstcies. In: Spatial Databases. In: Proceedings of International Symposium Gl
2008. Dresden, 2008. ISSN: 186480.

JANECKA, K. (b) Ensuring Spatial Data Consistency. In: Information System of Cadaster. In: Proceedings of International
Symposium GIS Ostra/2008. Ostrava, 2008. ISBN 988-254-1340 1.

30



5" Internaional Conference on Carthography and GIS
June 1520, 2014, Riviera, Bulgaria
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Abstract

Nowadays, information is gfaered 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 spatiahd®ften 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 iséqlaced in the data bank without pretreatment and/or
control, severe problems can eventually occur in its WBigerse formats in which spatial data is provided are typical
usersd problems. Open GI'S Consor t i eblemsSAnatherpebleindsthe lack k ey
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, Infrastructuoe 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, pgodassifrom 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 thafe data
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 seleatiarrangement 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 filesfor 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. Ehreverse situatiemcoming 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 ofi the use
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 W8&ervice 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 aco&st 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 ¢anavailable 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 tori#ethrough 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 format&atdigaps and plans of cities, data from remote sensing, digital
elevation models and digital surface models.

The software, implemented as a clisetver 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 meéadata 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 theelection 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 saimsmiia 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 perforyngdofimation 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 ie thata bank, metadata in XML format can also be stored, prepared in
accordance with the requirements of the standards "ISO 19115:2003, Geographic informbgtadata” and "ISO /
TS 19139, Geographic informatieiMetadata 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 ltmpwsdérs can be accomplished by
means of the program GIS Webserver.

GIS Websever 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 wll 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 (ISl) is a systeh basic spatial data, metadata, standards and regulations
junctions, geeservices for access and sharing of geographic information resources.

ISI elements can be divided into several interrelated subsystems of software and information resource$y constant
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 awglation 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 2Q" 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 metad#ormation 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 geservices are used. Cartographical services provide the wite readyto-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
GoogleMas, 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 isgr@ece WMTS) the special application ImageCreator is

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

Significant advantage when using gggrvices is that the end user does not engage in data collection, mapping and
updates. Instead, they can connect to the service arid use

Cartographic services only allow visualization of the data. For further analyses, other mechanisms are required.
International standards for gservices providing access to data are WFS (Web Feature Service) and WCS (Web
Coverage Service). These ddands 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 andadgagical relationships.

To unify the exchange of spatial data between different systems, the@e&hGIS Geography Markup Language
(GML) Encoding Standard has been developed and adopted as the international standard 1ISO 19136:2007.

KB Panorama has dewgled 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 enstandard OGC WEFS. 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 WebFeaturgervice 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. isure data protection in GIS WebFeatureService, means of data encryption
are embedded. Data is ciphered with -Bittkey installed for the particular session. This prevents data interception and
replacement upon delivery in the open channels of comntionicaetween 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 buildnfrastructure for spatial informatiolny means of KB Panorama compliestwall operative
legal documents, including (but not limited to) International sets of standards 1ISO 19100 and the European directive
INSPIRE.

GIS IMPLEMENTATION O F THE INFRASTRUCTURE FOR SPATIAL INFORMAT ION

In the recent years, there is an increasing @egduse 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 computeslogghfor 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, cadasttieangpes of data, and to apply

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

of sites.
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Such GIS project has been developed by the Russian company "Tsifrovoy rajon" and is dmbédde t he Mo s c.
region lvanovskoe, 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,darahd 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 egion, et

The average area of the region is a little more than 10 Ristributed 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 eimple, 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 supplyeht 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 mafi:$0a@00, 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, theseylars 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 systeledsoimsta
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 workplze 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 infieeition online, from the central server where the data is located. Operators deal with
ensuring higkspeed data transmission, as well as stability and reliability of the connection.

Another important principle of the system is protection of the infformaBom.c ur i ng systemsd®é data ¢
concern of any headwork. For this purpose, a password to access information on territorial principlesépaette
territory, region, district, etc.

A comparison between reported and normative documentmgkemented 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 ofcstetted 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 fa region can be used by residents of the area, the service organization, management
companies and others.
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Abstrect

Considering that Kosovo in the last decade has taken a big burst in the regulation of infrastructure in general (nhational
roads, historic sites, tourist and recreation sites) and the transition from a communist system where SOEs have existed,
to a demomtic system with private and state ownersthipnthe need fotand expropriationin the territoryof Kosovo

is of large. Creation of a GIS model (applicatiomhich would help greatly more efficient solutidast and with high
accuracy of these matteisthe need of time.

In this paperis presented¢he work doneén the expropriationof over 3000 hectares of landior the Kosovayovernment
needso createa center ofwinter tourismin the territory of the Republic of Kosové-or the realizationof this taskis

used GIS software packageswhich allows creation of different maps, statistics and necessary analyfm@sthe
calculation of surfacesand distribution oferrors in case ofinconsistencyof thesesurfacesbetweengraphical and
textualdatabase 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
geoméry of parcels) are performed automatically avoiding manual procedures as they have been so far.

Measurements were also mamte site using the latest GPS technology with large measurement precision.
Keywords:GIS, GPS, Expropriation, Map, Parcel.
1INTRODUCTION

The development of the touristic center in Brezovice has been recognized as a project of paramount nagshal inter
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 obgcts 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 Shamtdins 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 Geodegy 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 relevata dere established for the definition of this area and its boundary
(Figure 1), such as:

1 Digital terrain model,

Creation of the slope model,

Creation of the exposition aspect,

Creation of the hill shade model,

Creation of the solar radiation Gitay,

Creation of the model for watershed and snow sliding
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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 @iliged, a unification or the integration gspatial 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. €hairement for creation of a GIS application on
management and expropriation of these properties was necessary.

2 METHODOLOGY
2.1 Collection and researchi analysis data

The research for creation of this application start with the collection of exidéitegin 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, miaexiceard copies),

- Certificates of Immovable properties and measurement outlines for all divided parcelsjidad if
discrepancies exist,

- Data on property claims or similar ones,

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

- Fadual 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 onobyéstiag

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 accutae pr eci si on of measurements N2 cm. Geodesic
system of positioning for KosowdOPOS.

2.1.2 Collection of Data

In such project where a collection of new data and a regular update is a prerequisiteseéssanyeto 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 endhlé to ins
various softwarebés and application for the collection
in this field is the product okrcPAD (Figure 2).
ArcPAD is an application installed in the devices and that enables accessdatabase, in maps and GPS. Through
the ArcPAD the following actions were carried out:

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

9 Collection of geographic data and photography (GPS and digita¢i@).
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Figure 2. Surveying software (ArcPAD)

2.2 Geodatabase design

With all these provided data next step was to design algttase that would support all the data preditfom the
institutions and the data collected in the field via geodetic measurements and surveys. Geodatabase design was based or
some common steps through GIS basic principles with ArcGIS Diagrammer (Figure 3). Geodatabase design involves
organizing ofgeographic 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:

1 Feature and data identification that will be included in geodatabase

1 Definition of KosovaREFO01 coordinate system and representation of spatial feature
91 Definition of table strature and attributes, that means attribute field identification and column type. Also can

include code list in attribute, connectidrrelationship with tables and subtypes, by means of which can be
ranking and classification of attributes.
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1 Geodatabase dgs documentatiofi in order to describe geodatabase design we can use different methods as
drawings, documents and diagram scheme METADATA.

1 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.

1 Testing of eésign 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 tedllelata before expropriation. It was designed also the
output features after expropriation.
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Figure 3. Geodatabase diagram (ArcGIS Diagrammer)

2.3 The process of land expropriation

Expropriation procedure is performed by using GIS packages whicl ditptal 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 orgafieatioopriation process which

the work will be based on (Figure 4).
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Process of land expropriation
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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 geodadése designing, another important step is migration of these data in geodatabase.
Data types which will migrate in getatabase are: Ms Excel, Ms Access, dbf, Shape file. For extraction and loading of
these types into the getatabase it has been creatgat@gram 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 unsuccessfullymfide €¢xegure 6):

- The calculation of the differences in the area betvggaphical 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 mignatioentities

- 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:
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Figure 2. Model of ETL Figure 6. ETL report

Cadastral zone | Parcels | Ar ea RDP| Buildings | Ar e a(
Berroc I 17 2725832 47 5447
Verbeshtica 110 12548674 10 3708
Gotovus|l 1 3845025 0 0
Jazhi nc1 10 8594291 1 76
Shterpca 582 1843468 9 279

5 720 46148579 67 9510

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 onltwe on expropriation (Table 2).

Tol erance _
Parcel no | Area_geo| Area_RDP 82 = e lefErenc
w0 Ak
720 46149485 46148579 N 6793 + 905

Table 2. The tolerance of the differences between graphichtextual 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 05m)J, wvalu

2.3.2. Creatiig 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 quicklyndeasgumate. 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):

Parcel Before (polygon),
Expropriation footprint (polygon),
Owner (table),

New Owne i Government (value).

PR
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Figure 7. Tools for expropriation

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

1.
2.
3.
4,
5.

Parcels after expropriation
Owners after expropriation,
Land Culture after expropriation
Buildings after expropriation
Reports.

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

il

f
f

1% step: it defines the polygon of the expropriated border with parcel polygons and as result we gain a traits
class with cute polygons.

2" step: fom the class of cut polygon distinction we do partition in two feature classes of polygons that are
inside and outside the expropriation border.

3" step: from the feature classes of polygons that is inside the expropriation border we unify to new owner
(expropriating authority)

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

5" step: we unify these two feature classes

6" step: we define the new parcel numbers and we edécthe 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 ftotal 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 bordetpafpeiation 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 arka3(T dlfeeir new status is in

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

Sgrafike = SrpPP

(1.0 ' i\"'S,m,[.-kc) > (Sgrafike — Srorp)
+3532m’ > 0m’

Parcel analyses out of expropriation
DNJ LIKAOI f| wstt FINB ¢2f SNIyJd 5AFTFSNBY
12471990 12471990 53532 0

Parc_no
87

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 735sp&oceaxpropriation. The nen
compliance between the graphic area ownership certificate remains inside the expropriation (Table 4).

lolerance [Nfference

_—

Formula o ] >
( 1.0+ \,‘5yru[lk¢' ) > (S_qrult'kc = -SRDPI')

+5803 m* 905 m*

Analysis of expropriated parcels

Parc_no Grapl’(ucrillar)ea RDPP arel Tolerancg Differen
735 33677495 33676589 N580 3 +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 borBelow 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| Cad zone | Parc.| RDPP aea | Build. | Area Parc. RDPP Build. | Area
no name no ( m])|no 0 dzf Rd no area |[no 0 dzf R
72717005| Berroc Il 17 2725832 47 5447 0 0 0 0
72717014| Verbeshtica| 116 10907855 8 3054 23 1640819 2 654
72717023/ D2 (i 2 @d 1 2141 0 0 1 3842884 0 0
72717043 WI T KAy 11 4423028 1 76 3 4171263 0 0
72717094 { K4 8 N1] 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 ¢enerate 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 paraidetch in map format (Figure 10), buildings within the parcel with the
appropriate information (Figure 11).
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Figure 9. Cadastral parcel information before and after expropriation
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Figure 10. Sketch of cadastral parcel

Figurell. 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 purpose

DU VLA SYLRNA UDIS UROSTILVAL SUUMSEO :
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Table 8. Statement of the parcels that will be expropriated
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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 oweeegson 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 ane.aétterathese 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 startéal 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 wee\ary 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. Throsighetliave 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 ityismo an

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

The region of NorthWest Bohemia (the Czech Republic) is a heavy industrialized region with chemical, mining and
other types of heavy industry. The ogash 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 gices of drinking water, opepit 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
theopempi t mi ne Tugi mi c ehraminedocateld mextvoadclke atherdVdide rahge of various maps (ca.
172071 1981) were processed, georeferenced and hand digitized. The reconstruction and analysis of this area of interest
is focused on three main topicgeorelief, landuse and hydrologal network. All the resulting data are offered to the

public as a weblmapping application built using the ArcGIS API for Flex technology.

INTRODUCTION

In the region of NorthWest Bohemia (the Czech Republic) have been for the last 100 years affecteidaliithegarts

of the environment. The opeguit 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 durimitthe open
mining followed by landuse 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 Wagpenp i t mi ne Tugi mice, S
reclamationgnd power plants and water dam Nechranice located almost at the edge of the coal mine.

Fig.lThe Tugi ncoatminebr own

The area of interest (1{1-(Dn2) is located in the soutlvest part of the Most brown coal basin ($ég. 2) in-between
towns KadaR and Chontuctaolv . miTnhee NaScsttiuvpe Tburgofemd theewater slamc o v e r
Nechranice 13.4 kfn The brown coal mining in this region began in the end of tfecg8turyusing the primitive

ways of mining. The intensive opgiit mining has started after th&2vor | d War . i1® 70lbe we9 @0 & u i
the close surroundings to the brosmal source four large power plaiitSf u gi mi ce 1 (output 660
198 ) , Tugimice 2 (800 MW), Pr un®S o vi],[]. THedvat€r dakh\WMechranitced P r u
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(built in 196008) i s si tflona(108.4lkmycantainingrthe totaleolumé af 93 nelliodmh Oh $

of water (one of the Europedés biggest rockfill dams)
The main purpose of this water dam is the water supply for the surroundiustriyy power plants and large area
irrigations [L2], [14].

Fig. 2 Area of interest current state (2012) and landcape before industrialaratyear 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
this includes Digital Terrain Models (DTM) showing the georelief tlignsations in the different periods of brown

coal mining, hydrological network and lande reconstruction based on the old maps and web based information
system presenting all the obtained results.

DATA AND METHODS
The complex reconstruction of area pfarest requires processing of large amount of data. The landscape development

analysis is mainly focused on the three following topicshydrographical network reconstruction, lanse
reconstruction and georelief reconstruction. The wiml is presentd onFig. 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 enest oiiintwell
distributedtimed i ne of the ol d maps. The ol dest processed map |
the £, 2" and 3" Military survey of Habsburg empire (1792, 1894, 1938). The Military survey is presenting the natural
development of the area until the heavy industrialization. This-limeeis well supported by the Stabile cadaster maps

(1842, 1:2880) containing detailed information about the-lzsel

The time period of heavy industrialization is covered by State mdiSgate map derived in the scale 1:5000 (SMO5)
from the years 1953, 1972 and 1981. The map contains two main compolygsography (derived from Base map
1:10 000) and planimetry (derived from cadastral maps). The hypsography has 1 meter contobamtehes is well
suitable for georelief reconstruction analysis.

Fig. 4 Example of processed map2™ Military Survey and Stabile cadaster maps

Processing (georeferencing) the old maps requires individual approach as eachsntabé 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 Yidilltary survey maps as these maps havegeodetic
basements. A unique method introducedlinbfased on polynomial transformation was used for georeferencing'the 1
Military survey map sheets preserving the neighboring map sheet continuation. @&eeiateof the other data sources

was based on large set of identical pointé &ad 3 Military survey, Stabile cadaster maps) or on the knowledge of the

map corner coordinates (SMO5 maps). All maps were georeferenced into the Czech nakididlc®odinate 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 map§ig.dn

Several datasets of current data were used to complete the processatketiiiee ZABAGED (Fundamental Base of
Geographic Data)g] was used for the landse analysis, DIBAVOD (DigitaBase for Water Utilization Data}] 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 ope#pit mining the georelief has been changed in a very diamay, which is affecting not only the
landscape structure but as well the hydrology network and surface watf (L4, [10]).

The georelief is reconstructemsing different types of elevation datacontour 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 ctaigate contour lines can be used for the representation of the current
georelief. Various interpolation methods were teste}j [L1]) for obtaining the results of didient quality.

Four different timeperiods were reconstructed based on the input data. The ongitmichedgeorelief is derived

using the hand digitized contour lines from the SMO5 niapsar 1953. The contour lines have B0 meter interval

baseda the terrain characteristics. The second derived |
already built and the OhSe river canyon over fl ooded.
brown-coal mining. The part with thHechranice 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 reypseaeicture 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][ The resulting DTMs for the year 1953 and 2012 are presentEdyof.

1953 1970, 1980

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

The project results wildl be part on an exhibition pres
reconstructed DTMs (the original and current statelevpinted using the ZPrinfed50 (a 3D printer) in tiles 20 x 25

cm in the scale 1:5000. The resulting tiles will be seamlessly covering the Most basin in areas with the georelief
change. Printed tiles of the area of interest are presenteig).oh

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 rratesfadrted within

the area of intere$tduring 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 résthles green areas are representing the vexho

(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 résglt3s on

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 recoingction were hand digitized all the streams and water bodies available on
processed maps (sd€g. 3). All the elements were identified and digitized using the interpretation key for the
corresponding map resulgrin a vector layer for year processed map. The water streams and water bodies are drawn in
di fferent ways throughout the processed maps. The Mgl |
than real information facts. On the other hamavithin 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 infornsimut 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 largef gemsiguration has changed

the natural water ruoff within the watershed. We may expect that due the water pumping within theptbpeimes

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

The infamation about the current hydrological network was obtained from Digital Base for Water Utilization data.
Within our area of interest are loedtfive water streanisand except the river OhSe have
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 activitg @ 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 preventingpihe open
mines from being oveflooded by the runoff water from the mountainsfhe second one is Industrial conduit
Nechranice supporting the surrounding industry, energ
hydrographical network reconstruction is presentedrian 9. Due to limited space within this article are all the
processed data published within an online snepping application accessible at:

1 http://mapserver.ujep.cz/Projekty/NAKI_mapy/Nechranice/
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Fig. 9 Hydrographical network reconstructionl® 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
landuse change. The lantge layer digitized from the Stabileadaster maps (1826 1843) together with the
ZABAGED data were used for such an analysis in this region (area of 58.23ew® results iffab. 1.

Tab.1Landuse analysis results

Representation

Land - use 18241843 2012

Area Area
(km?) % (km? %
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
Openpit 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 purgadeehe past 80% of the land cover was used as fields, arable land with
fruit trees, vineyards or temporary fallow land. The second biggest-laselgroup os the grass fields and pastures
covering 9% of the total area. In the nearness of water bodiesmfind the grass fields in the form of wetlands. The
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water bodies are covering 3% of the area of interest and the settlement was mostly located along the rivers. Not so many
forests were present in this region. The Stabile cadastre maps are noséal ffer dorestry but anyway they contain the
information about the forest structurén our case were all the trees deciduous. The garden group contains the

decorative gardens, fruit and vegetable gardens located close the settlement. The group@trarggycavebpits,

guarries, 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 elemeamés. They
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 agiculture land in this region very rugged. The current landscape has changed a lot and has lost its heterogeneity.
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Fig. 10 Land-use reconstructioi left year 2012, right year 1842

Nowadays is the most part of the area of intezesered by the opepit brown coal mine which is on the first sight

visible from the aerial imagery (s€&g. 2). Although a lot of rivers and other water bodies were removed the total area

of water bodies has raised to 22%harks to Nechranice dam construction. These two main groups were created at
expense of agriculture landwhich has lowered from 80% to only 17%. Visible is as well the disappearance of other

types of the original land covérgrass fields and pastures. Bynaving 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 ettaed as disappeared as welhop-fields,

gravelpits, quarries, rocks, etc. Interesting is the fact the area covered by forest has risen up t@B8d62km? is

covering the power plant. See the reconstruction mapsgori.0.

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
technoloy and are stored in a file geodatabase and published by ArcGIS for Server 10.2. The data may be accessed in
two different wayd as a web mapping application and ArcGIS Rest Services. Only data with valid license are offered

as ArcGIS Rest Services. OG@mservices are considered to be used as well.

Thebasemap layeréld maps, orthophotos) are published as tiled (cached) services allowing faster data viewing by the
end users. Theperational layergvector layers, DTMs) are published as dynamic layerthsy 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 &titrotari

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. Thisdggtiaol
very flexible and presents the data in very effective and feasible way. The application is accessible at :
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1 http://mapserver.ujep.cz/Projekty/NAKI_mapy/Nechranice
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Fig. 11 Webmapping application environment

Within the web rapping 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 thetda f or exampl e the swipe tool or the fAm

to export the currently viewed data to different graphic formatsF#ed 1, Fig. 12 andFig. 13.

e RNy

Mg 0e BP0 (e T INTY

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

CONCLUSIONS

In this paper are presentatthods for reconstruction and analysis of landscape influenced by anthropogenic activity.
Here we focus on georelief and hydrological network reconstruction andigndevelopment analysis.

The georelief is reconstructed using the elevation informatoteined in the old maps. The titfliee beginning in the

year 1953 until the current state was processed. The contour lines wediditineld and further on interpolated into a
DTM. The current state of the georelief was derived from LIDAR data. Thelggfaevelopment 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 lande are both afféed by the industrialization and oppit mining. Within this

paper was hand digitized a complete tiline of hydrological network development since 1720 until nowadays. Several
maps had to be processed (georeferenced) for obtaining the hydrologicakriatthe vector form. The landse

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 @né=d 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 fattp://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 aseyThis includes analysis of the oxflroded river bank
sedimentation with the use of underwater radar.
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Abstract

The incident occurred on the spatial information orientation, research isivelatweak, 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 pragtifi¢aice 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
emergepies, 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 faxadegrevent, including natural disasters,
marnmade 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 araehtrated 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 th
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\ents 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 decisiemaking. Throgh 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 unerpeetents 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
informationés <coll ection, col | at i oshimpopantdinkeokis Callegtingg nd d
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 naconig lan 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 reportsxnd some te
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 geogphic information fast positioning mechanism based on emergency have an important practical
significance and theoretical significance.

57


mailto:libin@casm.ac.cn

5" Internaional Conference on Carthography and GIS
June 1520, 2014, Riviera, Bulgaria

2 THE CHARACTERISTIC S OF SPACE POSITIONING INFORMATION MATCH ING BASED
ON SUDDEN INCIDENT

Mentioned above, more than 90% tbe 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 informationrder 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 alsorsdsteuniversal 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 thefdigugraphic
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 ond ihaelated 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 featimemassive 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. Accordihg ttifferent
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
andthe 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 dt: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. Thereforee thpatial 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, sudaratslides, landslides and other natural disasters which require 3D
data of the related events, floods and other disasters which need relevant image data, and the retBrendional

vector data can meet the needs when the animal and plant epidaatiors 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
Internd, 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 descriptignsuch 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 pla@mes 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 akejf{du according to the scope of administrative
divisions, such as Hubei, Henan, Sichuan, Anhui, Chongging, Jiangsu, Zhejiang and other places has the rainstorm,
among which the flood disaster in Sichuan Province was serious.

2.3 The characteristics opatial 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 emergenciesslasdy 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 aot also b
consistent due to localization in the spatial data with different scales. For example, the spatial data of a rivercbasin floo
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 AMATCHING METHOD OF TEXT INFORMATION AND SPATIAL INFORMAT ION

According to the abovanalysis 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 bycplaname 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 dhitutde 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 jgr@lidelevant 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, matchirtg of tex
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 relationbetween 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 dpdéita. 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 syst@pecpon, 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 émialtom.

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 gographic 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 hames of text information with the names of
the geographical coordinates. thre 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 déffareht 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 camvbesore 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 lomalizatich 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, betighasrelative
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, impree 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 quéunction, 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 coleddllation, commonly known as the database establishment

of names, place names and the names of management as commonly known as the geographic coordinate data. The tex
description information about names commonly known as retrieval, draw the corregpoodrdinate informatiorin

order to realize the rapid positioning to the function of spatial informatienspecific 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 aacif 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 ditean 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, iferdifit 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 thetlolegand 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.
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Figure 3

3.4 Administrative regionaization 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\alsll le

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 adminstrative 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 positioninigiterface below 4.
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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 ragitiyn ploe general text
description information to the corresponding geographic information to realize the display of the space information of
event places.

Describe the information | just will burst event on the general analysis of consolidation, btexthef 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 infation 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 geogragbimation support and rich leadership decisinaking

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 perfomance of tasks formulated for the planned space transformation in the organised and formal way.
Functionality of GIS desktop tools allows conducting complex analyses and creatingldell cartographic
presentations. Depending on the level of accessdrua 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 interestea parties t
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 theinterested parties uninterrupted access to information of all types.

Keywords:GIS toolsmap services, spatial planning, Maplnfo Professional

INTRODUCTION

Spatial planning is one of the disciplines characterised by high level of interdisciplinagn&demboth 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 ratiQmalitlic 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 plaspatiahdevelopment plans

and making that information available in the form of Intefveeted 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
spmce (Korenik and Sgodczyk, 2005). The Il egal basis of
2003 on Spatial Planning and Development (Journal of Laws 2012, pos. 647 , with amendments). The system of spatial
planning is implementedt 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 regolasgi 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 thestudies 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
decisionmaking process is themo s t i mportant el ement in the scale of |
plan, due to its contents, is usually particularly interesting for the local commiuinitgfines in detail planned courses

of road sections, location of land forildling, 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 iars always preceded by adoption of a local development

plan. The system, constructed in this way, allows socialization of spatial planning process.
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When preparing the aforementioned documents applies strictly defined by law scheme on how to izfemmatibut

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, corpaations 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 abowescribed informatio 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 opaB#&8, 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 at@rticiplecisions 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 invitatiohegitlibis 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. Technologieak prog
forces them to become more flexible and open to citize

Spatial planning is one of few areas that both theonétical and practical aspects are largely interdisciplinary.

Devel oped by Ko¥mi oski and PiotrowskKki gener al definiti
directions of conscious actions and making decisions based on objefdstssand well thought out assessments.
(Ko¥*Tmi oski and Piotrowski, 2000) . Extremely difficuldt

ecological rationality, social acceptance and economic efficiency. This is especially impartaasel of local
governments, whose primary task is to create spatial and-soccimmic 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 devépment 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 infoation 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). Geanformation services are an implementation a8@chnology 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 coordinatése 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 th8lS (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 phen@mé&ntS allows taking control over all information of

spatial nature (geoinformation). (http://pdf.helion.pl/gis2/g&pdf)

Correct placement of various kinds of interdisciplinary information, in one relational database, makes the planning
process mucleasier. 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 thmreparation 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 proce@tys (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, undersable 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 alsareases 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 Webbased environment with basic GIS functionalities, the map becdymasnic, interactive and accessible to a
wide selection of users as a visual communication tool
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INSPIRE

Technological revolutionintensive progress recent years anchpid development ofietwork servicesesulted ina
significant ingeasein demand fororganized andstructureddatain an electronic formln addition technological
developmenhas significantlyinfluencedpopularizatiorof computerizatiorandeasieraccess tanformation technology
which is effectiveand efficientin operation.In parallel,the constant developmeof measurement techniquésg, GPS
LIDAR) allowed automation ahe processf acquiringspatial data

Only the latest solutions and technologies are able to conduct the tasks related to the managefematdnn
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, investopgiblitlinstitutions, 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 lag Polish needs and at the same time be a part of the European system , which is designed to
ensure proper coperation between Member States.

All the European Union countries are required to build solutions and structures for managing spatial dad&vat, any
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. Timeesitioned requirements

define themain objective of INSPIRE, which is to create a{famopean 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 consursein the form of locally and globally built Geoportals. Of particular importance in this
regard is section 19 of the DirectivExperience of Member States shows that for the successful implementation of
infrastructure for spatial information it is impa@mt to makevailable 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://eurlex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:L.:2007:108:0001:0014:pl:BDF

Issues relating to spatial planning and infrastructure for spatial information are interconndatedeaels. 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-I\Rith their data resources, methods and technologies, staraiads
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 evenytizen 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 oremmtiomic

purpose (e.g. residential , industrial, commiat¢ agricultural, forestry , recreational)”.

Act 1IP, 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 amwbldgatal
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 bas@fongliransformation 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 plangirand 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 wzglfidem operacyjnym , aktywne podej Scie w planowa
waluty, znaczenie , reakcji i ich rzekomej niskiej cenlé¢d zi ag spogecze®&stwa powinien
wgasnoSci iz ajega rgadiZda) (MaCuall smd Duhna20112).
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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 oinnovative Webbased Geographic Information Systems

(Web GIS) applications for visualizing spatial data over the Web often implies custom software implementation
(losifescu and Hurni, 2013). The development of sergitented architecture has stimulatednstruction 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 pocess spatial data facilitated by the services. A breakthrough in the development of GIS systems
can be cloutébased processing system providing resources through the services of the IT infrastructure (Wojnowski,
2010).

WebGIS systems seem to meet 100%dtated 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 Hesisuahitecture

, Which consists of:

- user interface,

- an application s®er,

- a database.

Web browser client

Desktop client
Intemet

Web GIS server

Mobile client

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 recadgeest rthe application server runs all necessary
programs and resources dating back to the database to generate a new map image. Because the map is generate
dynamically, the user has the possibility to decide on the content of the map. Data sourdesoarseoendless,
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 ceate 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, othet information associated with the uspecified geographic coordinates .

The advantages of the presented solution is undoubtedly the speed of the-dpstefata is stored and processed on
the server, which typically has much greater computatiornghilities than the users' computers. Another advantage
is the ease of usefor viewing map data you only need a simple Web browEkeere is no need to install additional
plug-ins or applications.

Interesting solution in Web GIS systems is the use afvanage 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 plugn that allows you to use much more advanced funatity (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
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application is a thick client, which assumes that the server is the only provider of datheambole 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 vagg. SExposure 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 alsrgpogide 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
theCi ty of Siemianowice $1 Nski e.

http://siemianowice.geoportal2.pl/map/www/mapa.php? CFGF=wms&mylayers=+granice+#
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Figure 2. Geoportal Siemianowice $I| Nski

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 awilable 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
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Figure 3 onlinecity plan ofZory.
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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 solutionaccording to the authqrsurrently offeredwithin theframework of WMSservices

provision is the portal ruhy the City ofSzczecinavailable at
http://gis.um.szczecin.pl/lUMSzczecinGt8apter_85039.asp
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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 &g trm 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 numbegsafidkien 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 messaginallow

citizens to submit comments regarding the proposed land management and would provide betterntEdigion
process and would allow the local communities and investors to actively participate in the planning process.

Other global solutions #t 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 upnous opportunities for contacts with the locals is also a mobile -nzap
application for mobile phones and mobile devices.

SUMMARY

Imageis the most universastommunication toolRegardles®f geographical locatiorlanguage barrierand cultural
rootsit allows in a clear way to presecértain phenomen®evelopedin GIS systemdmage ofa planis a legally
recognizednethod ofpresentationso thathe informatioraddressed tthe average readeecomesinderstandabland
does not requirspecial tréning or developing additiongbrms of presentation
Commonly built Geoportals databasesend metadata baseprovide the first integration ofa variety oftypes of
informationgatheredand updated by theublic administration sectpresearch and develomnt institutionsandprivate
organizationsand secondhallow widespread rapid andtransparenticcess fodifferent types ofcustomersCloud
processings a response tilve growing need fdiast andflexible accesso the currenspatial information

In conclusionPolish experience irthe implementation othe INSPIRE Directiveand buildinginfrastructure for
spatial informatiorsystemin accordancavith EU guidelinesit should be notedhat thesystems aréragmentedonly
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some of themunicipalities anda limited range ofavailable data)Currently,the most commonlavailabledata for
planningare:information abouthe address datarawings oflocal plans spatial arrangement @sueddecisions on
building conditionsand land usewhich prejudgethe allocation of land in the absence o local plan as well as
information aboutavailableand plannednvestment areasinother example ofhe use ofmapping servicesre also
tourist mapsespeciallyin areas with higmatural and landscape values
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Abstract

Rampant cartograpic products and their applications in recent yedrave led to many attempts to assess the
reliability and accuracy of the information they provide.Unfortunately, everytime a new dataset is importedpthe
also inherits its errord’he assessment of thecuracy of the maps has never been ignored, but the scope of this concept
has expanded considerably in recent years.

This publication attempts tilieoretically analyzand summarizéhe problem and some conceptual ideas regarttieg
definitionsofmap acaracy,mapprecisionandmap quality as well aghe 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 Assessméntescribed based on itsam 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 conduct@d 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 naipyqtself helps improve the map qualdfnew 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 nwhleerors contained in a dataset or Iffragote and
Huebner, 199b
Precisionreferstothemeasuremsrand exactness of descriptiondargeographic maps.
It is possible to consider horizontal and vertical accuracy with respect to geographic position, aastonattribute
conceptual, logicahnd temporahccuracy.
- 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 acayraor does high accuracy imply high precision. But high accuracy
and high precision are both expensive.
(Foote and Huebner, 1995
Precisely localizedligital datashows the location in parts of the units. Precise attributive information provides features
concerning thelrawing objects and phenomaimgreatdetail.
The Reliability of mapss their ability to provide a true solution to the problem. The closer to the truth is the result, the
more reliablds the studyThe asessment of reliability in quantitat terms isa quite complex and often uncertain task,
insofar as scoring errors depsmh many factors, some of which are determimiedmathematicaheory of errors and
mathematical statisticSome maps do not have ancurate assessmegmd can only beevaluated usingubjective
criteriasuch as experience, habidthers
The \ariety of scientific and practical problems solweith mapsconsistentlyrequires an individual approach to the
assessment dheir reliability. Thereforeuniversal criteria ar@applicable.The specific reasorand the main sources
of errorfor this phenomenoare(Berlyant, 2003)
- Conceptuat inaccuracy , incompleteness or other faults of the source concepts , incorrect interpretation of the
data;
- Communicational:misunderstanidg or incorrect perception of thoughts and ideas , vaguely defined tasks and
conclusions;
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- Geographic uncertainty or conditionalitin spatial boundaries or temporal boundaries of the sites studied in
the maps;approximate representation of trends folirtikange in time and space, etc;
- Mapping: inaccuracies of the maps in which research is carriedtmit deficiencies and aging;
- Technical measurement errgrsmperfection of instruments and other equipment, software , databases
insecurity.
When workirg with mapping information, many errors and inaccuracies are inevitable, but can be reevélisted
important tonote thaterrors and inaccuracies occur at all stages of use oty the staging of the task in the
preparation ofind the process oflitaining information and in the final stadbe interpretation of results.
On the basis oéccuray results obtained from all studies fimaps, theycan be conditionally divided into three groups
(Berlyant 2003)

- Precise studiesn which measurements @calculations are carried out with maximum accurabsticulously
recorded and, if possible, errorle¥gst measurements and calculatibmih different software and operators)
are performed

- Studies with an average accuradyere inreferenceit is assimed that the error of the results should not
exceed a certain allowable limErrors smaller than the specified accuracy are not repomieidh reduces
labor intensity and operation tim@f note,excess accuracgnd unjustifiable practical aims of th&tudy is a
serious methodological omission.

- Approximatestudiesperformed with low accuracy, generally required for estimates. Estimatocgmmonly
used to plan the next , moreaccurateresearch.

Two additional termare made use (Foote and Huebner, 1935
- 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, 198@escribeshedassesdRealandvirtualmaps inthefollowingway:

i Real Mapsdirectly viewable hard copy- topographic sheets, glohethematic maps, -B solid
surface carvings, block diagrams, etc.;

i Virtual Map Type [: directly viewablenot hard copy- computer displays, videprojector displays,
virtual CAVES, dynamic glasses, mental maps (B, Gognitive images);

i Virtual map Type Il: not directly viewable hard copy- anaglyphs, gazetteers, stored holographic
images, stored Fourier transforms, ®@Ms, DVDs, etc.;

1 Virtual Map Type lll: 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 Huebne¢1995indicate thatthere are many sources of egthat may affect the quality of a Gi@ap)
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 responsililib prevent them.

1 SelfEvidentError s:
Age of data- Currency (Data compilation date, Map complation date), Mapping period, Elapsed time, Temporal
stability of features;
Areal Cover- Data on a give area may be completely lacking or only partial lew#lsformation may be available for
use
Map Scale The ability to show detail in a map, its level of accuratgetail.
Density of Observatiorshe number of observations within an area is a guide to data reliability. An insufficient number
of observatbns 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 transsmion, 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 oftenitg 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
accuracywith the cost of the information. True accuracyxpensive and may be unaffordable.
1 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 measuremenbperf the areas on a paper map can be considered as formed by the action of the four
component erroréPenev , 1989)

- Mapping error (error in the position of the picture onriteg)

- Instrumental error (error of the means by which measurements are made);

- Error in the measurement itself (holding the tablet / measurement meaodkeectly);

- An error in calculation.
The last 3 types of errors can be considermedhnical The final evaluation of positional accuracy
canbeexpressednumerically.
AccuracyofcontentQualitative accuracy refers to the correct labeling and presence of specific features.
Sources of variation in data] e a s u r e menducedley faulty observation, biased observers, or miscalibrated or
inappropriate equipment.

91 Errorsfrom DataProcessng:
Numerical Errors, Errors in Topological Analysis, Classification and Generalization Probl®iggtizing and
Geocoding Errors.

3. MAP USE

The process of map use can be illustrated with the generalized scheme below
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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 handyowadays there are huge cartographic databases and archives of map information that are valuable
and in many casedndispensable sources needed to solve a specific data problem. Gagsiderap as a data channel

for transmitting the spatial informatidnevitably 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 fotaddave of
computing, however, it should be noted that in this case each map user brikgswiexdlge information, and more to
reachthedesiredresult.

4. CRITERIA FOR ASSESSING MAP QUALITY

When designing a nemap,designation is the main factor thattdrmines its content. The quality of the finisimealps
is primarily evaluated on their degree of practical suitability. Of courssgs exercise their effect via their aesthetic
qualities tog soamongst other factors theshapeand ease of use (interfacwith electronic chartre important as
well.
The main criteria for a comprehensive assessment ohépaccordingto Berlyant (2003are

- Expediencyof the chosen dimensions and projections;

- Authenticity of themap its scientific merit anthelogic of construction ofts legend ;

- Completeness and modernity of the contents;

- Geometric accuracy of the position of objeg&fining height) ;

- Quality ofthedesign of thenap

- Quality of printing.
It is worth notingthat these criteria are fair to the eentional printed maps. They can be supplementetthdgriteria
of evaluationspecified by Moellering ( 2007)for instance, by number of software and hardware parameters in terms
of virtual maps
Sinceinmanycases it idoth necessary and sufficienthat the map precisionis defined only to a quality degree we
suggest a different approach
Letuschoosgeneralevaluation criteria. Their number should not be large/erthelesshey should cover the concept
of map qualityin its entirety
ACriterion C1, Readability. Main characteristiegime to find the information sought;
Acriterion C2, Thematic accuracyaccuracy of object classes;
Acriterion C3, Positional accuracyaccuracy in determining the position of objects;
AcCriterion C4, Temporal accuy - relevance of information of interest to a specific tiongime interval
Acriterion C5, Stability of accuracy consistencef C1, C2, C3 and C4 on the entire map.
Letusintroducenumerical scores for each criterion from 1 to 5pdor, lowest, 5 excellent, best)The ideal map
would get thehighest scor&max:

Ruvax = 1kt Bmaxt  abbot  adbdt Bmax= 25 (1),

and the lowest score will be 5. Valuestween them can be calculated by combining the criteria C1, C2, C3, C4 and C5
in various forms sdhat their sum isn integer from 6 to 24. The bewaps should have aniRax 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 ¢évaluation of such maps. The study wasducted 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 a@meding toBulgarian state standards. Map 2 is

an analyzed tourist map, and Mdia8 internet map from a popular site. All three maps are of the same territory.
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Assessment of Maps with High Rmax Values
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Figure2 Assessment of different maps

Theseriteria, however carry varying significance fanyspecificactiowith amap.Therefore, weight of the criteria has
to be introducedhatwill be differentdepending on the problebeingsolved. For example, if theapis for car GPS
navigation , the evaluation can be:

Ry=1.5G +0.5G + C3+ C,+ G5 (2),

and a soil map usday professionals to desigmti-erosive events :

Rs=0.75G + 1.5G + 0.7%43+ C, + Cs (3) etc.

Yet another possible approachtds select reference magpatterns) and to compatbeir analyses. In this caske
criterion can be only onedegree of correspondence between the used map and the standard of comparison.

Each asessment has a great deal of subjectivity, whereby it depends rwattly evaluatorsTherefore, a map can
receive different assessments for two main reasons: its practical orientation/use and the user viewpgoareh&sg
objectivity can occurhrough introducing quantitative valuas indicators anéhvolving more possible customers for
the analysis of a map.

5. CONCLUSIONS

Contemporary cartograplyainsmuchof its powerfrom beingableto collate and crossreferencemanytypesof data
by location. The dataare especiallyuseful beausethey canintegratemany discretedatasetswithin a singlesystem.
Unfortunately, everyime a newdatasets imported, themapalsoinherits itserrors

By the means of investigations and their analyses,found that an increasing number of maps naeguality
assessment made by formal criteria.
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In this report:

i A New Generalized Scheme for Map Useuggested.

i A New Method for Map Assessmeid describedbased on its main characteristid®eadability
Thematic accuracy, Positional accuracy, Tempacauracy and Stability of mentioned characteristics.

i Two Types of Evaluation Criteria are proposed: with and without weight coefficients.

Experiments were conducted to confirm that saskessments coulte made for both real and virtual maps. Such
assesments 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 userd secialists) in order to improve the procedure of map
assessment. In this contedl] the activities concerning VGI (Volunteered Geographic Information) are essential:
research program& QST Action TD1202 (European Cooperation in the field of Scienéifid Technical Research,
Action TD1202 Mapping and the Citizen Sensstludies, publications, commentaries, etc.
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Abstract

Rout 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 snds, 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, AR@Ekrs 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. Therefisework 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 foblind 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 feedestrian 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 emvinents with the help of binaural sounds. The developed
prototype relies on a Smartphone application running a navigation algorithm to generalistuxdying 3D sound
instructions according to the desired GPX file, previously loaded. Different spat#sletiaare 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 existences# dpetial 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 diet)eaanore 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 asmssible
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 urba
elements for the blind and visually impaired pedestrians. These elements are represented in the database as geographica
point or lines, and users are encouraged to set their preferences according to which type of objects found in the street
have a helpfl 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 skillfrom 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
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requests a new route creation, to calculate the best path to go from the specified origin to the destination. This
calculation is done by a databasevdri 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 suggestea foutthe 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 bemtography 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 carpddcal 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 figtiitidg 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 isiapgaypmot. 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 cresays and would thus accept a longer but safer route [1].

Assistive solutions fopedestrian navigation have been studied intensively since the 1980s. The MOBIC system [2] for
example, offered a piourney system for route planning and exploration. Commercially available navigation systems
specifically developed for visually impaireds er such as Humanwareds Trekker [ 3]
previously optimized for car navigation.-Atcess [5] provides a weased system for the routing and prescriptive
analysis of pedestrians with different physical abilities within beiltironments.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 uRexseCheckr [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 ofigresi@stiuding

elderly, disabled, pregnant, and infant users. It provides area and route accessibility information for all pedestrians with
the newly developed universdésigned 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/IHE&ASOS Data

Access System) mobile applicati for people with impaired visual capabilities, guiding them alongdpfmed tracks

using binaural sounds. It introduces an innovative guidance support system based on the provisionirdfiusinen
virtual-leadline perception. This offers a more nat a | Aitrack navigationodo instead o
navigationdo which is used for car navigation or peopl e
planning service, but its cartographical and routing aspects anmgbeelsin 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 ugeSQ P {3t
database to store all the spatial and-gspatial 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).

LO: 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 takemfr®@penStreetMap, 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 (Spairgrésrdouth (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 pointg thescribe 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
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represented as a linestring in the ARGUS database. On one hand, treakowisgion module generates a GPX file for

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 thedugdoad 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 POls obtained from the cartography providers, and personal points that users
can upload to the system. Thegncbe 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 pbat 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).

S — B —
l L3: Point
E”’"_ — o j L2: Track
i_&-_ e i L1: City Data
[i j L0: Base Network

Figure 1. Type ofayers 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 tantnihat 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 withritbetion
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 thatifvbe 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 datayisheful (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 attribute® $ittuata,

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. Osm2pgsqgl is a tool which converts and imports the OSM data format to a
PostgreSQL databas&his 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 ignoresiathlinestring is connected to each other. The imported OSM attribute data is
connected with the routing table by the use of the uniqgue OSM ID. This enables the routing table to get more
information about the used attributes of edges or nodes.

Assignmentof POls 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/hiedstepresent a centreline

of the street or a borderline in the digital representation of the street. In the real world, the street is not linited to th
line, but to the width of the street. Most of the time, this type of attribute is rarely availihie 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 POlsdsotheied

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.
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The road widths are based 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 streetigbhcan consist of multiple lanes in both directions. The representation of one
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 buildirggulations 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 thief 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 &@e® is added to take tram ways between the roads or inaccurate
positioned POls into account. On pedestaaty street categories (steps, footway), only the half of the extra distance (5
metres) is added. The footway or step categories can be usety doethe 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 sawdary 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 diffen¢ streetbased 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 hermas #xample.
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 databam® 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 segmergdge$ that are used later byd route calculation to create the paths, all the
segments create timetwork.At the same, time, segments are connected among theodesg.

P -l SN
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Figure 2(LEFT) The original source (detail of a set of stairs near a park), displdiyectly in the online OSM ID
editor. (RI GHT) The ARGUS database holds info a

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 habeen 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 segnmts, and thus, not very safe in some cases. Although the streets used are marked as walkable (even
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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, gbbpa little bit separated from the sidewalk longitudinal axis.

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, whighnalicates 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 routpbtiestrian 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 peldéstfoa

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 qoamison 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.

Sidewalks and

pedestrian crossungs

Figure 3. Comparison of OSM and Soe#ty @ata: 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
PostgreSQLThe use of inheritance in the databsut 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 structurerandifferent 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 pachiitl table concept. For that reason, a canreet 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 classificatisineet thesed 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 furtheiinformation about the heterogeneous attributes of the datasets. The same concept is also used for the city
POls; therefore, two parent tables were created (city_network and city POI).

Removing duplicate POls
Within the city data network graph, the use offbOSM 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 differ@mtces) and the nestandardized structure of the OSM
data.
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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 b&@ee@and the category compliance of
ARGUS, because the name is not usable for unique identification of duplicate entries (duestandardization in

OSM). All POls of the city network graph will be marked if they are within a special defined distashd&vam the

same POI category. The buffer distance for the removal of the duplicates is based on the type of object. Only the non
marked city POls will be used to calculate the dynamic weighted network graph, which is the input for the routing
calculation d 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 avoidgdhduroute. 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 theg abgirithm 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
(typeroue=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 registeredtlvithe aim of providing information about things or services found near the route but they
cannot influence the route.

ROUTE PLANNING

The Createltinerary 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 neodith 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 laye selection

The route calculation queries are called from the C++
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 Createltinerary Web
Service to decide which network layer must be used by the shortest path query.
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Figure 4. Network layer selection algorithm

First, the nearest twork node of the origifi given in coordinates or as a green User Pioistsearched in the detailed
cartography (mode = fAcityo). I f it is not found, the a
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Then, the nearest network node of the idasibni given in coordinates or as a green User Pbiist searched in the

same cartography mode as wused for the origin. If it w
algorithm tries with mode imgimodmo.u elcfaltchud an@®@dle uiss nfgo umro
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 ques cal | ed accor di ng
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 atoeatibn. 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 specifiedatiasgifieferences

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:

VVe:Le+aBp_éWp_ Vvezo

i=1 i=1
Equation 1. ARGUS weight calculation equation

Within the above shown Equation 1, the ParametgisWlescribed as the weight for a network edge. The basis for the
weights of the routing network graph is the length of the differetwor& edges (L). For the ARGUS project, the

speed of the visual impaired people was not taken into account, because the speed of the users is inhomogeneous anc
cannot be defined for all user groups. Furthermore, it also depends on the additional mesifidthased (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 paramgéos €éAch of thenalong 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 aw weighted edge which is virtually prolonged or shortened within the routing network graph.
The shortest path algorithm is influenced by the new v
preference. The specific characteristic of thersdst 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 catedqoints, 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 tolatdctihe weight of the
edges:

-Influenced edges by black or white points (user defined)

-Influenced edges by black or white OSM (or City) POls

-Influenced edges by black or white OSM line information (e.g. bridge, steps, ...)

-Influenced edges by black white subscribed user points (points from users marked as reliable)

Furthermore, only POls stored in the ARGUS database within defined relevant categories for routing will influence the
weights of the ARGUS network graph. Line information will influerfoe 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 themchoother. 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 digecadrdinate array

has to be reversed.
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GPX generation

The GPS Exchange Format (GPX) [16] is a kgltight XML data format for the interchange of GPS data (waypoints,
routes, and tracks). The GPX file format is used to transmit the generated routéMehttgervices 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
Airoutepointo. In addition to this, agpoinformaheyeapei
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 beused 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 headixed 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, wéthable 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 coradePiX 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 quaitgls 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. Theusteng 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 bfinding 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 radiasea 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 calation 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 epdardangerous 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 basegedeatrian 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 areasy afli26{& 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. Th

The differences between the ARGUS city network route (orange) and the ARGUS OSM route (green) can be seen. The
OSM network of tis 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 thate 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 @&Kity Data)
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Abstract

In recent years, a significant advance in technology for the development dfaseth applications and services is

taking place. As a consequence, most desktop applications are evolving towards service based balutanshe
accessed remotely. The traditional GIS desktop applications are also evolving intmsezbservices partially thanks

to the capabilities that web mapping technologies offer. This paper reviews-tbedafe web mapping technologies

and reseach providing features, performance, ddtamat compatibility and interoperability capabilities of them.
Among all the existing weimapping technologies, the proprietary Google Maps and arcGis Web Mapping as well as
the open source solutions OpenLayers aedflet must be highlighteth 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

Since1995 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 differ@omputer 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 andvachan 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 &;dass#n multdevice 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 informatisadincre
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 basedmappimngb
technologies.

The OGC [1] promotes thase 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 forwled), 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) arehtdreb F
Service (WFS) are the mainly used services for Web mapping purposes; therefore, support for one of them is a must for
the webmapping clients selected for the present study.

One of the main objectives of this paper is to give some guidelines aly@us/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 bpaiagecsoftware

platform or a trained GIS viewer for displaying this type of services. The WMS standard defines three operations:
GetCapabilities, GetMap and GetFeaturelnfo. But in this work we centered in the operation GetMap because it returns a
map ima@ with geographic and dimensional parameters are defined.

The work presented in this paper is structured as follows. Firstly proprietary and open sourappety platforms

that have the most widespread use among internet users are studied. Aftehabities 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 conchasionare presented in

section five.
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FEATURE COMPARISON O F WEB MAPPING TECHNO LOGIES

In this review of webmapping technologies, the study has focused on the capabilities ehamling technologies to
add visual representation of geographically distributeth. 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 peitdions. 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 apfites for

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 pesrmme 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 withradwhnologies 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 andpmajdetdo 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 bg. Googl
Nowadays the API is in thé%version and it is known as Google Maps JavaScript APIT¥@ 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 servic e and 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. UgjlegQgvelopers 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 inclwsion of different kind of layers such as Dynamic Maps Engine Layers, Tile layers or KmlLayer. KmiLayer
represents KML and GeoRSS elements, while TileLayers represents WMS. Google Maps API also permits loading
information stored in geoJSON files. In additito 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 wdmvi 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 gmosiderprise

API for JavaScript that lets the user add busitedsisiness(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 monthland 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 JavaScrigeveloper beyahincludemarker, imaggecustom overlays, grid overlaysr geo
shapes based on coordinates to the lik@ppolygons, polylines, circles or rectangiésiso can add custom overlays
from tile servers like WMSs. Also it permits the integration of KML fitesl data sets compliant with versions 2.1 and
2.2 of the KML standarth 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 toateean 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 JavaScripthat 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 inclgdecode and reverggocode location data, elevation infation for a

set of locations, polylines or areas on the Earth. It also permits the inclusion of map tile URLs and imagery provider

i nformation that is hosted by BingE Maps, directions ¢
information about traffic incidents and issues in a specified areauTe of t he APl s i s govern
BingE Maps Platform APl sé Terms Of Use [17]. The wuser
Account Center. It allows the usetsdreate 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 iategr 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 2000bg R | . I't was known as Arcl MS
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 FleSiaretlight/ 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 diffent classes defined for the inclusion of layers. Some of most employed ones are
ArcGISDynamicMapServiceLayerArcGISTiledMapServiceLayer and ArcGISImageServiceLayer classes. Those
classes permit users to work with a dynamic map service resource, withea caap 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 alotwsusser
basemaps from OpenStreetMap easily. Regarding the display of layers, ArGis API provides GeoRSSLayer, KMLLayer,
streamLayer, MaplmageryLayer and WebTileLayer classes that are used for visualization of GeoRSS, KML, stream of
data using HTML5 websoéks, georeferencied images and#anGis 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 Titei&zlayer.

Open Source Systems

The open source systems have a great success among developers of web mapping services. Being open systems, no
only does allow users to create plugins for developed systems, but also to adapt the code to the needstandl proje

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 andntributors 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 byaKlarta, but since 2007 till now it is an open source
project of Geospatial Foundatig®SGeg [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 s@wenLayers API isleveloped 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.
OpelLayers has extensive documentation with which users can learn easily and fast to integrate maps into websites.
The OpenLayers code is published undetatise BSD license.
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Being one of the oldest open source mapping system and belonging to such infpartdation as OSGeo makes
OpenLayers the JavaScript library able to display a huge variety of data types. It supports GeoRSS, Keyhole Markup
Language (KML), Geography Markup Language (GML), GeoJSON and map data from any source usihg OGC
standards as Web Mé&ervice (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 opaource JavaScript library for mobitdendly interactive maps #t 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 n
large documentation, but the source code implemented is so simple and easy understanding that does not need more for
a good comprehension. Leaflet APl was designed for being especially efficient in mobile platforms to achieve this it
takes advantage of HML5 and CSS3 languages.hifd-party patches are absolutely essentials for extending the
functionality and are included by different plugins developed by supporters of the comniimatyeaflet code is

published under the very permiss«elause 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 permihgadpgto web services, such as ArcGIS Server,
Arc2Earth, GeolQ, CartoDB and GIS Cloudee tile providers like OSM, OpenCycleMap, MapQuest, Stamen and
ESRI; and formats such &PX, KML andCSV. Moreover,in combination with svg tag allow the users to eate 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 formatfoyss virtual globe dér
dynamicdata 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 thefférent 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 acdnmowrcial use.

Cesium supports imagery layers using TMS, WMS, Bing, OpenStreetMap$ si8®Rards 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 largarthicependencies for non

essential features by plugins

UMN MapServer

MapServer [24] was developed inthe id® 9 06 s at t he Uni v er snanaged and adivinistereg s ot a
by OSGeoand is maintaineénd improvedby developers around the world. The aim of this platform is to visualize,
consult andanalyze geographical information through the network using Internet Map Server (IMS) technology.
Beyond browsing GI'S dat a, MapServer allows to create f
rendering engine is written in C and actuallyin 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 shpport 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 sertransaational 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 @th via OGR. In combination with Proj.4 library, MapServer provide to
the users the possibility of making-time-fly map projections.

ANALYSIS SCENARIO

An advanced welmapping usease scenario was defined and implemented in order to develop a real désting
studied features. The use case scenario was defined for providing weather forecasts as layers above a web mapping
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service. The parameters of weather forecasts are stored in NetCDF files and therefore it was necessary a server like
ncWMS that can iterpret 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
access to WMS layers from ncWMS seremd deliver to the client side. The Figure 1 shows, the architecture of the
implemented use case that consist on adigded architecture. In the server side there are MapCache and ncWMS
servers. In the client side there is a client developed in HTMLBSHipt and CSS3.

CLIENT SIDE SERVER SIDE

Apache Server Tomcat server

KML,WMS, Inage

I JavaSeoript Lib:

request WS —
Cpenlayers | MapServer request gl S netCDF
Leaflet ' l ManCache itory
D- KL, Imagks mace Repository
y

Images

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 thé¢ne Isystem will work exactly the same way.

After selecting the welmapping 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 dispbagied tim 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, presancewind 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 degpendhe 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 thesAd@llecded and for Leaflet the release
version 0.7.

The hardware of the client where the performance was r
Q8300 @ 2. 50 G with bperdtingosystens Bebian 4.773 The computer memory was93GiB and it
included a GeForce 9400 GT/PClel/ SSE2 graphic card. On
CoreE2 Quad CPU Q6 6 6bl@th @perdtiGgrsysterr Ubdintudl2.04 TS 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 loadjnthe 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 eachtte

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.
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Through this experiment has also tried to compare the maximum load bearing layers each of the tools that have been
used.

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 nlayder of

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 7ayers 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 thesaitsrall
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 comparidoiotait loading time of Leaflet. It means
that Leaflet performance is better than OpenLayers performance loading the same layer repeatedly.

Total Times Comparison
3500
3000
2500

2000
—8— |eaflet

—&— Openlayers

Time (ms)

1500
1000

500 il -

: ;' - il
0
0 50 100 150

200 250 300 350 400 450 500

Number of layers
Figure 2. Average time comparison loading same layer repeatedly.

In Figure 3 the loading performance of the tedbg®s 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 ofhtain@eeds 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 iofoemdtin 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 Ledfleheans that if a sysm preload all layers d@he
beginning of the application and then requests are reused, it would save considerable time.
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Figure 3. Average time comparistodading same layer repeatedly

Together with the study of the performance of loading a layer multiple times, the perfertimaihén regard of layer

cuantity was also studied. For OpenlLayers 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 differentdkgeraih average time of
17ms for OpenLayers and 5.5ms for Leaflet.

Total Times Comparison
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1 2 3 4 5 6 7

Time (ms)

Number of layers

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 betweethe charging time of the first layer and the other layers, since the \alwdscases are vg

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 dataaihed 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 reflets higher performance for Leaflet library.

Regarding the total time obtained, it can be clearly seen that the performance of Leaflet is better than OpenlLayers
performance. This is because Leaflet was designed to run on web and mobile devices andrtes rsailable 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 degess. It hap
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 layealready 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 tinoe it takes t
load the first layer on Leaflet is ledsan 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. Forkthirere 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 tmaste th
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 welmapping techologies were studied. There is a tendency for geolocating any type of
information through welmapping technologies via internet that is consolidating. In that sense, it was of high
importance to study the performance of the available technology that Welgldo 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 OpenlLayers and Leaflet.

All of the technologies r@alyzed 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 candbdevelop 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 processigability 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 bfgetisg 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 ext8nTimeGuthors 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 thsted in t
projectof 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 woutl 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 Repuigict data were orthophoto with the resolution of 25
cm/pixel and selected layers of conmizations of Fundamental Base of Geographic Data of the CR (ZABAGED). Due

to the territorial coverage with the area of 64,3&®, these were massive tasks with data volume of 500 GB.
Processing was carried out in ArcGIS 10.0 environment via special dregiplication 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:Imageclassification, 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 eegutigplied 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 processingefesmsiag (RS) for
military and other purposes, etc. This article describes the crucial part of the project, which the authors solved within
the data analysisf storage of gas facilities under certain types of terrain surface in the Czech RepublitHE€RM

of the project was tdetermine reproductive values of gas facilities (pipelimes)the valuation of costs which would

be necessary to spend for building new netwoillkge contracting authority of the project we GasNet, Ltd.
Company which isx part of a RWE group in the Czech Republic.

Unlike the aforementioned RS, where the processing of images is with the typical resolution ef03D min many
cases, there was analysis of orthophoto images with the resolutiorcof/@xel in our caseDue to the relatively high
resolution and territorial coverage with the area of 64,35%) #mse are massive tasks with very large volume of input
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data of the order of ~ 500 GB. The aim of image analysis was mainly the basic division of the terreéncsudaved

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 heut also t
affiliation to the territorial unit (to the part of the municipality). During the preparation, it was necessary to ebaluate t
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 (fpressure and mediupressure) and the house service pipe in 3 groups of
classification classes, namely:

1 Group t Paved and unpavesiirface

1 Group II: Asphalt main road local roadunboundunknownsurface

1 Group llI: Forestgrasslandbaresoil, asphaltroofi tile, roof i flat, shadowmain 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 poesses 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 3GE®BIGB of
the data volume) corresponding to the teridloadministrative 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 stepnbtcation

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 Gaussiangability 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 bégs 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 d#athevevaluation 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-obgted approzh 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, here 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 ahthe 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 rettgn.

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] preseh 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 v 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 cpé methods for image processing. The method of hierarchieally
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 imageubheation [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. AlImeida[2#ladeal 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 resalthaghoto. 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 thainiverse ofelementsU, the set of attributeé and the set oﬁalues\_/ai, whoseai attributes can be
takenfrom the A set(V = U Vai). We consider thefunctiong : U x, whichYdete¥mines attribute valuéasr

elementsof the universdJ. In our case, thdJ setrepresentsorthophotoand theA set represents individuabnesof
orthophoto, i.e. geographicareas(forest, land, roads, etd. The relation of indistinguishabilityRE(A) using the
g function is introduceds follows:

x. %1 U,(xRE(A)x,) U (g(x.a)=09(x,.a)) (1)

We can eterminebased on theelation of indistinguishabilityand other constructshich element®f the universeJ
and with what thejualitativeassurancéelonginto the subset ok £ U, which is the subjeatf our interestin our case,
this relationdiffereniateswhich pixelsof theorthophotabelong intocertainzones

Definition [26]:
The lowerapproximation isa description obbjects which certainlybelong into theX subsetThe lowerapproximation
is also calledhepositiveareaPoskgg(X):

Posi.(X)=8{v|(Yi U/RE)AND(Y1 X)} ,

(2)
whereU/RE s thefactor setdesignednthe U setaccording to th&RE(A)relationand theY is anelement othis factor
set

Definition:
The upperpproximation ighe set oklementsf U, which may belongnto theX subsetThisis referred tdPosgX)
(Possibility)and is defineds follows

Poss.(X)=8{Y|(Yi U/RE)AND(Y £X , A)} 3

The sensef introductionof two definitionsis thatsome pixelf orthophotocanbe confidentlyclassified intocertain
zone(the lowerapproximatiof), while there arealso suchpixels whichcan not with certaintype allocated to angone
(the uppempproximation)

Definition:
The set differencbéetween the uppdPossX)) and lower Poskg(X)) approximation oiX is called theboundaryset
Boundig(X):

Bound,.(X) = Possg(X)- Posi.(X) 4)

Definition:
Roughsetis the X subsetof the universeld, which is defined bythe upper andower approximation(Posgg(X),
Posskg(X)) and for whichthe following applies:

Bound,.(X)=A . (5)

The practicameaningof this definitionlies in the facthat eactpixel of orthophotomustreasonably belassified into
somearea there arenot unclassifiedpixels). Using rough set we can definghe approximateiccuracylkg(X) with
which foundapproximation representise selected set of

2= E200PO5kX)

In our case, the approximatian equation 6) is a measure ofthe quality of classificationi.e. to what extent the
approximationcorresponds thelassification of thegiven pixel into relevant classThis accuracys mainly affectedy
the following factors
A t he dnpuadata torshopbatm ourcase
Athe chosen methoaf automatic classification
A t he dhemainingsgin terfrs of supervised classification
Atherefinedadditionaloperationsf{ltering, checking etc.).
Thesefactors will bediscussed in more detail the next chapter

(6)

MATERIALS AND METHOD S

Input dataset®f the pojectwere storedn the data warehousm sever andtheyinclude:
Aorthophotamagesof the CzectRepublic- rastersat the resolution a25 cm/pixel
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At h e gasdinetvectorsii DGN format

A t he r o ustlectedotypesicammsinicatibngrom theZABAGED - vectorsin SHPformat

Athe boundaryf territory according téhe administrativedivision of the state vectorsin SHPformat.
Theseinput datasethadterritorial coveragenith the total area d64,350 k.

The overall classification process is shown in the block diagramguré-il. 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 datansited using a software module
created for this purpose in the scripting language Python v. 2.6 with support of ESIRIrgees. The control file is a

local identification register of the CR. Self classification was carried out in ArcGIS v. 10.0e 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. Thecategorization was done accordingitap layoutof 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.

| Orthophoto
dataset

\ 4 ! 1

1 1
Data Gas line > Data pre :‘ Supevised ZABAGED |
warehouse dataset processing : i MLC — Filter !
% | T ) |
! Classification !
Administra el el
L | tive > output
boundaries
L, ZABAGED > Clip % Union of
dataset d layers

Fig. 1. The block diagram dflassification

Further refinement of results took place in the supplementary operations (filtering, checking, seie.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 Il to Group Il (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 ile. 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 timenaleds 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 achievefirtal aisual inspection with following manual

editing in ArcGIS environment. The proportion of manual and automated processes was in the ratio of 53 %: 47 % [27].

Training set Orthophoto Final classes ;
- forest resolution 25 cm/pixel v - forest Visual control
—»{ and editing in
- grassland o - grassland
- bare soil Classification N - bare soil ArcGIS
- asphalt MLC N - aspha|t
- roof - tile ArcGIS - roof 1 tile "
_ _ ; ZABAGED Filter - roof T straight ) -
ro_o;h;(tjrcz)ivl\?ht " main road - shadow Final classified
- local road - main road layer
- local road
path - path

Fig. 2. The individual degrees of the refinement of orthopletassification
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EXPERIMENTAL RESULTS

Project implementationvas doneon PCsintegra7025 (parametersintel Corei5, 3.8 GHz, 16 GB RAM, NVIDIA
GTX650, 2 GB, HDof SDD type and VelociRapto}, which wereinterconnectedo the computer networlk he extent
of the project was in theerritorial dimension of thes4,350 kmi. The peviewof the final outpubf classifiedgas lines
into 10classes is in Figure 3.

Classification categories

Image classification Filter
Forest — ROOf-tile Main road
Grassland w—— RoOf-straight === Local road
Bare soil — Shadow
Asphalt

3 - ee— e \eters
1:1.000 0 10 20 40 60 80

Fig. 3. The peviewof the final outpubf classifiedyas lines

The evaluatiorof the success aflassification andts improvements was mader these outputs aflassification:
1. output fromMLC classifier inArcGIS
2. output fromMLC classifier + additiondiiltering by datasebf the ZABAGED
3. output fromMLC classifier Hiltering by datasebtf theZABAGED + manualeditingin ArcGIS.

The results are shown Table 1.Theindicatorsof classifiedsurfaces were monitorddr paved unpavedsurfaceand
shadow.The eference indicatowere \alues of the mosaccurate(final) classification oftype 3 (MLC classfier +

filtering throughthe ZABAGED + manual editing The percentages of thexror rate fromthe reference valueere
evaluated for the parti@ypes ofoutputl and output 2. This error rate is related to the referenteut of type3. The
effectivenes ofintroduction ofthe ZABAGED filter can be seen from Tablgewthenresultsof output 2wasimproved
on averagdy 25,4% for thepaved surfacand21,0% for unpaved surfacagainst the results @iutputl (nofiltering,

only the MLC classifier) Only about 1% of the erroravereremovedfrom output2 by manual editingShadow isan
undifferentiatectategoryin terms ofdetermining theerrain surfaceTable 1 presenthe standardeviationsevaluated
from 188areas of ORRNd there are aldotroducel maximumvaluesof errorsin the dateanalysis.

Average 25,4 21,0 4.5 11 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 obutputl 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 géssfadihe 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 hyrfiltrati
through other input vector dataset of the ZABAGED. The results showed that only one additional dataset for filtering of
subresults suffices for the effective achievement of the required quality classification for the given purpose and this
layer refins 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 exceeeB%o.

Theresultsare documenteih thefinal report R7] and carbe characterizely the following basicharacteristics
1 dataanalysisshows venhigh explanatory ability in terms of law error rate
1 technologyof data analysienablegepeatabilitywithoutthe tuman factor
9 technology is characterized Bpeed obbtaining result®f data analysis
1 effectiveness ofeprocessindgs recommendedfter updatingof key sourcedatasetssuch asorthophoto
(approx2-3 yearg or at the opportunitya larger number othangesn the territory abovevalue of the
absoluteerrorrate of thedataanalysis (i.e2-3%)
1 technology of data analysis has qualitative potential of further refinement of data analysis with
possibilities of future use of new, qualitatively higher, sourcasids.
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 amgmanagi
pastures/hayfields, in 2012012 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 dbseto-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
volumesTo achieve that, the following works were planned andeémented 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 RepublicfdArmenia (RA) occupies an area 29.8 sg. km, the major part of w7 hectares

falls on farmlands located at a height /%#D0m a.s.| Such a variation in altitude complicates development of territories
especially in the case they have an extenshaacter stemmed from the Soviet era: land playglon sites lying at a

very steep angle of decline>20 grade, unregulated grazing and so on. A-kengn, unplanned and unregulated use of
farmlands entailed intense washout of upper soil horizon,hadubsequently 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' plamhimgqreagement of agricultural
resources.

With the view of developing animal husbandry and managing pastures/hayfields, 2@ the Government of the
Republic of Armenia under support of the World Bank implemented a Farm Resources Management and
Compeitiveness Program. The goal of the Program is ceasing a trend to overgrazing and degradatiomoefitthrse

sites, using remote pastures/hayfields in the best effective manner, improving feed production and animal feeding
networks, and promoting a guth 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 geographitiibas and landscape belts of
Armeni ads territories [3]: The pasture sites were sel
methods [2], Whereas assessment of ecological status (total stoniness and degradation level) was donelthrough fi
measurements and analysis and interpretation of satellite images in cameral conditions.

103


mailto:ecocentr@sci.am

5" Interndgional Conference on Carthography and GIS
June 1520, 2014, Riviera, Bulgaria

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 tfiraollation 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, vegetaiamen 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 incal@édriverravine 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 omthsigszihe area

occupied by objects found on separate pastures (stone contents, stone fields, rocksideochyines etc.) was
calculated. The latter underpinned the assessment of ecological status of all the grazing sites.

Prior to mapping the committies and implementation of grassland productivity studies and assessment works there, a
series of meeting had been held with tREIU community assistant teams, community leaders, representatives and
experts of Pasture Users Union (Figure. 1). Themeetings included discussions concentrated on numerous
organizational pasture management and livestock farming issues. In particular, from logalveaiince bodies
information was collected regarding major directions of farm activities, farmland typt&sal 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 mapsf Easgses,
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 elgctric wire
were specified and schematic maps produced.

The research was implemented employing traditional antb-dpte methods with an emphasis on the latest geo
informational and remote sensing methods. Data support consisted of topographic maps sc.thé®@®e, 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. IMedings and discussions with experts and representatives of locgjaedfnance 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 distric(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 lbods of mountakmeadowsteppe, sualpine meadow and alpine mountaireadow

landscape belts. It possesses of 5629 ha of diffgnammtose land, 2218 out of which being pasture sites and 775 ha
arable land (Tahl). Based on the area of the communitystpee sites and the number of large and small horned cattle
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(738 CH), one may conclude that the share of 1@ area of 3.0 hameets a standard set by the RA Government
resolutionN3 89 as of 2011 ARegul ation of pasture and hayfiel

Table 1. Land ownership structure in Harzhis community.

Allocation according to type of ownership, ha
Farmland types Area/ha Private Community State
Arable land 1157 897 51 209
Closeto-village 667 i 540 1678
Pasture sites| Remote 1551
Closeto-home plots of land 44 44 - -
Land for other purposes * 2210 - 2210 -
Total: 5629 941 2801 1887

Physical and geographicakpecificities of the community
Harzhis community lies in the following consecutive main and indeiate landscape belts (Figure 2, 3):

Mountainmeadowsteppe belt

The belt is intermediate between mountsieppe and alpine mountaimeadow beltsThe quantity of biomass there
gradually reduces with a temperature decrease and as a lower sectiarcodssise alpine belt it exhibits a spread of
subalpine grassesClimatic conditions are characterized by humid winter, low temperature in summer and even
distribution of atmospheric precipitation during vegetation per&ichospheric precipitation vage650 to 700mm, in
summer months hail events are more frequent. A frosty period lasts from September to Mayfraenostiod lasts-4

4,5 monthsSoils areexclusivdy diverse and are dominated by varities of mountairadow black soils On sharply
inclined slopestony accumulationand irregularlyi bedrock outcrops in form of cliffs are observable.

SubAlpine meadow belt

The bounds of this belt are strongly conditional.contrast to the above described mountagadowsteppe belt,
summer monthsni subalpine meadow belt are cooler and a frosty period starts in August. Atmospheric precipitation
does not exceed 700mrithe soils areof typical mountainmeadow swanmysoddy types, their thickness often
overstepping 5@0cm. Gh some patches soils diff by stone contents. Specific composition of meadow plants is very
diverse and includes some 1280 species.

Alpine mountairmeadow belt

Natural processes there run in conditions of low temperatures and relatively high humidity. Winter period5s long (
émonths) and snowy. Mean air temperature in wint@Oi€, the lowest -46°C. Vegetation period lasts2months. 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 mountaimeadow cinnamonic soddy soils. The most widespread plant
species includeandelion, bluéells, alpine meadow grass, sedge, wormwood, feather gtagsr. A specific feature

of the landscapes of those belts is teBaparate cliffs, boulders and vast stfietds often violate homogenous
vegetation cover there. Those formations have unique vegetation cover, which composition largely depends on slope
aspects and micfo
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Figure 2.A schematic map of pasture site pasgitng in community of Harzhis.

conditions of stony accumulations (presence of fine soils, humidity accumulation conditions, dimensions of cliffs and
boulders, etc.).

Like mountainmeadowsteppe belt, imlpine belteither no arable farming is developed dn¢se 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 sitesWithin the bounds of the noted belts, 31 pasture sites iselated. (TalR)

Within mountainmeadowsteppe bejtwe isolated closéo-village pastures sites of Khootis1,2, Dahnai dzor, Ghashgha
tapa, Avazahank, Karvasarai taratsk, Gyoli taratsk, Karablourl,2, Chobantapal,2. A degree of stoniness of the noted
pasture sites is abowaveragel5-18%, a large share falling also @tone slidesexcept pasture sites of Khootis2 and
Ghashgha tapa, where it make8%. Ecological status of the clesevillage pastures is poor, there one may observe
sharply incined slopes with soils degraded in the result of overgrazingoandanenimovement of animals; in this

respect one should emphasize Dahnai dboe. status of Khootis1,2 pasture sites is relatively gooe. Bore cause of

pasture degradation is a preserof a sandpit. The ecological status of the pastures is under a substantial impact of
roads and operating farm machines.
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Table2 Elements and other areas found on pasture sites (%)

~ |Name ofgrazing Stone | Cliffy |Earthroad| Buildings, | Lakes, | Trees, Area Total
sites contents ravines, structures | ponds | bushes| covered |area of 4
rivers with pasture
vegetation | site, ha
1 | Khootisl 12,00 88,00 94,06
2 | Khootis2 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 | Gyolitaratsk 10,00 0,28 1,00 88,72 71,22
8 | Karabloud 18,00 82,00 54,67
9 | Karablour2 13,00 87,00 31,14
10 | Chobantaph 16,00 84,00 57,33
11 | Chobantap2 18,00 0,29 81,71 69,44
12 | Shinuhayri koghrh | 15,00 85,00 79,89
Shinuhayri koghm
13| 2 20,00 0,51 0,26 79,23 78,25
Shinuhayri koghm
14| 3 16,00 0,50 83,50 80,46
Shinuhayri koghm
15| 4 19,00 81,00 65,97
16 | Kemin dzorl 17,00 0,38 82,62 78,85
17 | Kemin dzor2 19,00 81,00 127,30
18 | Kemin dzor3 24,00 0,44 75,56 90,66
19 | Kemin dzor4 25,00 0,21 0,31 74,48 95,29
20 | Urooti koghml 16,00 0,74 0,48 82,77 53,84
21 | Urooti koghm?2 16,00 0,13 83,87 78,59
22 | Urooti koghm3 18,00 0,54 0,41 81,05 73,46
23 | Urooti koghm4 19,00 0,25 80,75 80,40
24 | Urooti koghm5 24,00 76,00 81,55
25 | Banjarootl 16,00 0,23 0,70 83,07 85,78
26 | Banjaroot? 16,00 0,27 83,73 72,88
27 | Banjaroot3 15,00 0,43 0,11 84,46 92,24
28 | Hartasheni koghrit | 20,00 0,39 79,61 50,90
29 | Hartasheni koghra | 17,00 0,54 0,07 0,30 82,10 72,78
30 | Hartasheni koghr3 | 19,00 1,71 79,29 35,07
31 | Hartasheni koghmd | 24,00 76,00 89,95

Within subalpine meadow belive isolated pasture sites of Kemin dzorl,2. Shinuhayri koghm 1,2Bghti
koghm1,2,3,4,5. A degree of stoniness is high, the sites comprise vastisligeOn inclined sipes, one may identify
soil erosion risks. In contrast to clesevillage pastures, ecological status of the noted pastures is relatively good.

Within alpine mountairmeadow beJtKemin dzor 3,4. Banjaroot 1,2,3, Hartasheni koghm1,2,3,4 pasture sites we
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
degradationmisks are low due to undgrazing.
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CONCLUSION

A Iln pastures sites the observed erosion risks are ass
A The mai n degradatiomospadtuoes are chrginuous movement of livestock overgrazing and the presence
of the road network,

A - The created databases of pastures wil/| provide an o
community, increase theirgductivity 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 suppprted U.S.
Department of Homeland Security (DHS) for developing a mobile application to collect geospatial information using
either connected or disconnected modes, and ingestingipdepostdisaster imagery as a guide for field personnel. In

this resarch 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 gead@l application for iOS/Android devices was developed for recording,
transmitting, and visualizing field collected, geospatial, and remote sensing imagery on-heddbitkevices (i.e. cell

phone and tablets). The entire software solution was developad opensource 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 dearzibgdnt, response, recovery, planning/mitigation,
warningi followed by another event. The response phase of the hazard cycle is the shortest phasiays)cargl
considered one of the most chaotic yet most important. During this short phase amasse$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 geopatial 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 ®atls or cel | phones with a dédbackdropé
transportation infrastructure or aerial/satellite imagery (NOAA, 2001; DeCapua, 2007; Hodgson et al., 2013).

Numerous O6appsd for these appavailabketinithe anfine flistributian Po®alspsuch An d r
as Google Play or | Tunes (American Red Cross, 2014) . T
apps (e.g., ArcGIS app) that can be used to collect geospatial information. Howeves, ycls ar e r ar el vy
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 moden(itee wh

cellular connection or Wi 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 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 desgnapHaprovided important
feedback on each step in the agile development process. The unique aspects of this project include the online/offline
synchronization requirement, the pand post imagery requirement, and the les@st implementation strategyh@

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 6:¢
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 #&in 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 classwaterfall 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 nehipplication 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 enabletiakiedolders 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 authorfiies. Meeting was
conducted at the Governorodés Office of Homel and Securit
Louisiana where both a focus group and some training took place (Figure 1).

Figure 1. Focus group and training of Parish eators (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 solutiempbecau

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:

Initial set of requirements from Focus Group of Louisiana staff oni®Didaster Assistance (PDA) needs

Scoping of technology (servside, mobileside) availability

Scoping of business models (i.e. software licensing, etmuder costs, localerver possibilities)

Mobile device support requirements

Integration of existingind neareal time imagery

Approaches to deploy software on mobile devices

Prototypes (ESRI and opesource)

In-house testing

©ONoUR~WNE
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9. Local user testing
10. International user testing
11. Reuvisit requirements and implementation strategies

We held two focus group meetmgvith Louisiana staff and numerous internal/DHS meetings. Some key requirements
became apparent after the first two focus group meetings:

Geospatial Location and Attributes. The mobile application must be able to define positions based on the device
location (e.g. GPS) or pointing to an on screen map or image. The application must have accese#b tear
imagery.

Online and Offline Capabilities. During a large scale disaster event the network connections (e.g. cellular or Wi
Fi) are often unavailde. Furthermore, in the state of Louisiana, large rural areas had neither type of connectivity.
The application had to address this issue.

Management of Users.The use of the mobile data collection required a level of security that restricted data
collecion to authorized users. Furthermore, the set of authorized users should have different roles based on their
collection/editing/proofing responsibilities and their geographic area of influence. The main project administrator
must also have methods for agsng user roles.

Evolution of Software Application. A number of significant software changes were required during development,
and were envisioned as continuing to evolve, that would have required constant redeployment of the solution
through the two mai mobile device operating system portals Google Play and ITunes. The development of new
versions of the software in Objective C and Java for two operating systems would have been laborious and time
consuming. Our solution quickly evolved from devlzasedapps into a single webased app, where the code

could be updated once and immediately made available to users from assdevarange.

IMPLEMENTATION DESIG N

The implementation of the mobile application requires both seiderand clienside code (Figre 2), a database on

both sides, and a protocol for communication between the mobile device and server. During the design process the user
community explicitly guided us to change the implementation plans from commercial software (e-§e&@t. ESRI

ArcGIS Online, ArcGIS for Mobile app) to open source software. The redirection was for two primary reasons: 1) the
cost associated with a commercial solution itself with the uncertainty of future licensing/subscription fees and 2) the
lack of suitable commeral solution for offline use. The guidance from the user community resulted in the use of the
following technologies for an implementation: database (MySQL, IndexedDB), map (Google Maps API), programming
languages (PHP, HTML5, CSS, JavaScript, jQuerg, j@uery Mobile), and communication (Ajax, JSON).

MIAT U8 Datn Capture loga
4+ Overview
@ = MIAT PDA
Metdr irage duanes Tocdel Onlioe ()]
Pote Caphan Dt Pimas  RAT Mamagemerd  Rogiiie  Mid Offfine ()]
b gt N B
r : . . ‘- = - A Sync Data (5]
; - - e La Upload Photos to PDA Points ()
+ MIAT Phus
+ Technicial Support

Figure 2. Screen shot of MIAT home page (left)in landscape mode and MIAT Data Capture app (right) in portrait view
(both running on 80 Tablet).

On the server side MySQL 5.0 was used to store all uflectanl data. Additionally, the user characteristics (e.g. name,
affiliation, email, operating state and county, and role) were stored in a protected table. On the mobile device (client
side) an IndexedDB database within the browser cache was used tasgiomllected data for offline use. Freent
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and postevent imageries are stored in the file system on the mobile device. Communication between the mobile device
and serveside utilized the Ajax (Asynchronous JavaScript and XML) technique primardg®N format.

The management of users and use of different roles required numerous trials and revisits with the stakeholders. After
several iterations we settled on a hierarchy of user roles (Figure 3). At the highest level-adsupistrator could

modify all user roles, recover their passwords, and delete users. All other roles beneath taelrsupstrator were

limited in scope to one state/county. Raldministrators could set the roles for users associated with their state/county.
Data editors cod modify any data for the state/region they were assigned; while data creators could collect data but
only modify data they created. Data viewers could look at any data collected within their state/county but could not
download or modify the data. Afterdtinitial registration a member waits to be assigned a role by the role administrator
before accessing the mobile app.

Registration for MIAT

Required

& | psoept the e

Figure 3. User role administration (left) and user registration (right).

We tested and implemented sergate functionality using kb Visual Studio and C# and subsequently in PHP. Visual
Studio allowed for a simple implementation user of authentication with a login/password protocol and database hashing
of passwords; however, because the code on the ssdeeand clienside both ca utilize a logirnauthentication, we

opted for a PHP/JavaScript solution.

Workflow

Users were required to register, be assigned to a role, and collect data in the field (Figure 4). The data collected, which
appeared as points on the onscreen map, inclodéddthe geographic location of the property (e.g., public buildings,
residences) damaged by the event (using the deviceds C
the fields in a structured disaster assistance form required bifestatal agencies, plus the timestamp when the data

was collected and photos/videos shot in the field. The interactive map in the application allowed user to see his/her
location, previously collected points and photographs, and review the data colldaetisplay of points could also be

restricted based on user criteria. After points were collected the data could be reviewed on desktop or mobile devices
(Figure 5). Finally, the data could be exported in several forms for consumption in other apgli¢@ipriatabases,
spreadsheets, or a shapefile).
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Figure 4. MIAT Mobile app Data Capture running on a tablet with observer location (red X), previously captured
points (red !), concentration of points (blue circle with number of points), and collees#d iphoto for one location.
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Figure 5. Example data review page for proofing points already collected.
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Device and Browser Independence

The MIAT app is designed for croptatform use and the app has been test to run fluently on many devices, browsers
and operating systems: iOS 6 and 7 (iPhone, iPad and iPod Touch), Android 4.2 (smartphones and tables), Window
Vista and Windows 7 (laptops and desktops). Compatible browsers based on our tests include but are not limited to
Internet Explorer 10, Googléhrome, Firefox and Safari.

An important requirement was the ability to use iOS and Android mobile tablets and phones and most browsers. We
included checks for early versions of Internet Explorer and are not supporting versions earlier than IE9. Béetuse ta

and phones, in particular, may be oriented either landscape or in portrait mode we designed an autonomous menu
system that adapted to the device display resolution and orientation.

National/International Testing

We tested the use of the MIAT appliicat in several places in the United States and in two European countries (Austria
and Italy). Since the application was designed for U.S. states and counties (or county equivalents) we added
international countries as ndsatsatéeso@unand stbheir i mmedi at

Testing in United States

All versions (initial concepts through alpha/beta/Version 1.0) were exhaustively tested in multiple states (District of
Columbia, South Carolina, Louisiana, and Mississippi) in the U.S. Example imagery for afféneas created for
Richland County, South Carolina, so mostlofé testing was conducted for this region. Both online and offline testing
with various cellular service providers (e.g. AT&T, VerizonMbbile) and WiFi connections allowed thorough

tesing of connectivity and bandwidth issues. We also tested numerous platforms (desktop, laptop, tablet, and cell
phones) using various operating systems (Windows, Android, iOS and Mac OS) and browsers (Internet Explorer,
Safari, Chrome, Firefox).

Testing in Austria

The online version of MI AT was tested on an Apple 1| ph
Austria using various cellular providers (WOWWW!, Bob, Vodaphone, Georg) for connectivity. The online testing
worked flawlessly in testingn Salzburg, Austria. The offline version suffered some issues with one service provider
while at the base of the Hohensalzburg Fortress.

Testing in Italy

Extensive testing of MIAT in Italy was by an Italian professor whose second language is Englsstesting
opportunity was also by a scientist not initially trained in the use of MIAT but relied on the user documentation and/or
information on the interface. MIAT was tested in online mode and with ade$iered form using a Samsung Galaxy 3

cell phone Testing in this international context was extremely helpful and identified both serious issues as well as

i ssues that were simply overlooked by the users and de
Documentation of issues inmed graphic examples and textual descriptions. The MIAT team then reviewed the issues
collectively and decided on resolutions. For example, a new user would quickly loose the workflow as the
web/application pages either did not have titles or the titheimgconvention was not consistent. In a few instances the
lag-time in cellular response necessitated letting the user know certain tools may require additional loading or
processing time.

USER MANUAL
The users of the PDA application are a mixture of meanyme what ol der staff and young

application in different manners (While a differentiation by age may not be the perfect proxy for this learning style, we
use it in this article as most readers will understand the issue.) Tratiipplication users will be trained in a

wor kshop or be instructed to follow the steps in a us
conditioned to not read user manual s or ,derd applicagogstwe t o r
wi || assume the wuser 6 will -How) traineng oourseeod the PDA apfplicaiondor a s
instructed to follow a user6 manual. We have created u

(online and offline version) and for the installation/management of the entire-sateflientside applications.
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Table 1. Example List of Important Web Site and Application Issues Identified during Testing

ISSUE

RESOLUTION

iMI AT PDA, OnAT nRlou sa,n dMIAAVI

different HMIs. Why?

Modify interfaces to be consistent.

There are no title for pages, so the user can forget if he/sh

in MIAT PDA or in MIAT Plus.

Add consistent title to all pages.

The explanation of MIAT says
thatitppvi des At w
appso (PDA andg
is not evidenced neither in the
l'ists of the /A4
Mobile, MIAT ESRI, Mobile
GI'S Reseach, H
and in the MIAT Mobile

menu. We need consistency.

Moblle Image Analysis
Toollat

Eliminate the references to the USaR app in thig
project and revise online description.

The AMI AT Pl ufd
Onlined has tV
without label. The user cannot|
understand the meaning of
those buttons.

Stovenij:
(Sloewning

Mipeo sy x v
- -

VEIE S Mk

Italia
+ (iraly)

Rrana
o

Show Polmts

Show Current Location

”, Gl 92 sty l Show Photos

Mivatsk
(Crnatia

Change text size for button widgets so text show
on all devices.
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should be indicated on the fourth button at
the bottom of the map
You can use t d GPS cross that marks - v

your current position for your record if it is —————
appropriste If it not gute where you want -
%, double-tap the screen 10 position a point

8 blue cross will appear) You can drag

the blue cross until it is exactly where you
want it

Once you've identified your point. tap

sither the Use GPS {to use the red cross SO —— ———
or tha Use Chosen Point (to use the blue

¢ross) button beneath the map

can then fill o, Ideally, some of the fields

n the form would already be populated

You may edit these fields, add information

Figure 6. Example portion f t he onl i ne usPBA ds manual for
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Abstract

Studyingthe map projetion in which a particular map was made has always been a challenge. This is especially true of

old maps made several hundred years ago. Even if a graticule is drawn on the map, the map projection is not
immediately obvious. One such map is kheva cartageografica dello Stao Eccl esi ast i c o, by Jo
and Charles Maire, dated 1755. Examinitig graticule drawn on the map, it is noticeable that the meridigopear

to be straight lines, while the parallels are curved lines which might be circle arcs. This wapeutline the

procedure for examining the straightness of lines and curvature of arcs on old Fapshe analysis of the
straightness of lines and curvature of arcs, the Euclidean distance method is proposed. As an illustration, the proposed
method wi | be used to facilitate research .on the map proje

1. INTRODUCTION

The procedure for determining a map projection includes the following issues: Are the meridians straight or curved
lines? Are the parallels straight or eed lines? If the parallels are curved, are they concentric circle arcs? How are the
parallels spaced along the meridians? By observing the graticule oiNubea carta geografica dello Stato
Ecclesiasticop we noticed that the meridians could be depictedteaight lines, while the parallels were depicted as
curved lines resembling circle arcs or parts of a curve.

First, we propose a solution to finding the fAbesto st
applied to test whether nmidians on the map form parts of a straight line or a curve. The most common procedure is as
follows: pointsT,, T,, é T, are represented in a Cartesian planar coordinate system as points with coonimades (

(%2, Vo) , €Xs Yn)(and then we look fothe straight liney = f(X) = ax + b for which the sum of ordinate difference
squares

A(feo-y)° =alax b )’

i=1 iz

is the least. This leads to a system of two linear equations with two unknowns, which we are able to solve. When
determining whether a meridianas st r ai ght | ine, the problem is not find
a given set of points. Therefore, we can conclude that minimising the sum of ordinate difference squares is not the best
criterion for finding the straight line.dgjardless of the coordinate system chosen, it is always preferable to get the same
straight line as the fibesto straight i ne. Since the E
regardless of the coordinate system, itisagoaedi t er i on for finding the best stra
Triplat Horvat, 2014). The Euclidean distance is defined as the square root of the sum of the squared differences
between the given points coordinates (the Pythagorean Theppdiedato coordinate differences).

In the second part of the paper, the Euclidean distanc
with the radius s . Due to nature of the procedure which will be described & plaiper, we defined the accuracy

estimation of the mathematical baserioria s N2 mm.
2. TESTING WHETHER T HE MERIDIANS ARE A S TRAIGHT LINE ON AMA P
It is assumed that the meridians on a map are parts of straight lines. We wanted to test whetkeditns on the

map were in fact straight lines. By applying the Euclidean distance method, we determined whether the meridians were
parts of straight or curved lines.
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The problem

For the givenn points T;, T,,..., T, in a plane, a straighine must be found for which the sum of squares of the
Euclidean distances of given points from the straight line is the least.

The solution

The points with their coordinateR (X, V1), To( %, ¥2),---, | (%, ¥ ) may be shown in any Cartesian coordinate system.
The square of the Euclidean distance of pdijrts, y) from the straight line

X-%_Y - %
= 1
” | @)

g2 = &5 %) Y yo k’g

|
k2 +12

)

It should be noted that (1) is the standard form of the planar straight line equatias. éguhtion,x and y are the
coordinates of any point on the straight ling, and y, are the coordinates of a given point on the straight line kand
and| are the components of the direction vector of the straightdineki ] (see Fig. 1).

T (x0.0%)

Figure 1. Straight line passing through a given point with coordingigsy,) and the given directiod = ki +#j . The
distance of the point; (%, y) from the straight line isd; .

The figure shows thal,T =(x -%)i @y w) |- VectorsT,T and § are collinear, thusi,T=/3% =(ki § from
which we get
X-% Tk y-y FI,

which is equivalent to (1). The cosine of anglebetween vectorg; T, and i - kj which is perpendicular to vectdr
with the direction of the straight line, i.e. which follows the direction of the Euclidean distance offifaint/) from
the straight line, @n be expressed in two ways: using the triangle in the figure and using the definition of scalar product:

cosq = G Eo(IT-K)
7% TR K

From this, we immediately get
g =Th(T-K) (5 %)l & vk

-] iz

Since each straight line is assigned an infinite number dftems in the form (1) becauseand | are ambiguous, we
can arbitrarily set a condition which connektand | . From (2) it seems appropriate to choose
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K2+12 4 (3)
so instead of (2) we have
d2=gx %) v Yok (4)
Therefore, we want the function
n
s=9kly ¥) @ ¢ )

i=1

to acquire the minimum value, according to condition (3). In order to solve this problem, whichwis ksothe
conditional extreme, we must apply the auxiliary function

R=RKklx% %/) =%kl ¥ ¥y Ak %1 (6)

and look for its extremes. The problem is usually solved by using differential calculus. Now let us demonstrate how we
can arrive at the same solution bgliierent route. With a little rearrangement, we can express (6) as

n n
s=a & =ax ¥ (y wka AF By+( ©)
i=1 i 2
where
A=nk?
e .
B=2keél@ % -np) kay . 8
e i1 i %
PR n. n.. L no
C=1PEX 20 ax ™m§ /) 2k &y % -& R(+@
i=1 i 2 i E i 1= i 1=
If k, I, xg and/ were known, functionsA, B and C would be constants ané>0. The graphic depiction of

function R would be a parabola with the maximum at the vertex, the abscissa of which, as we know, is

B
= —. 9
Yo oA )

If we takeA and B from (8) and insert them in (9), regaedb of whatk, |, x; and/ are, it must be true that

I .
=1 —_— e yg =y —(X )
Y= @ %0 Yo=Y (X %)
2
£
¢
where we denote
n n
a X a Yi
Y:i and y:i’ (10)
n n
and which can easily be reformulated as
X-% _V -%
k I

In the last expression, the point with coordinaf&sy) , i.e. the barycentre of a set of points, is seen to belong to the
sought straight line. This means that the equation for the straight line can be expressed as
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butk andl are still missing for the final solution. So we shall express funGas

S=9k) =ak Hf 24k, (11)

where

a=a y -ny Ay Y.
i

i=1

b=a ¥ - Ax B (12)
iz

i=1

n n
d=nxy -8 xy =alx 3y V.

i=1 [E3

We are looking fork and | for which the functionS(k I) has the minimum value; however the oraircondition
must also be met (3). The conditional extreme can be found by forming a new function

R(k1/)=Sk) - (K £ 1), (13)
where/ is the Lagrange multiplicator. This function can be expressed in a somewhat diffement for
Rkl/)=(a- ) 2dk (b W

For any fixedl and/ , it can be understood as a function of variableConsidering it is a quadratic function, is going
to get extreme value for

If we now write
Rk1,/)=(b - )P 2dkl (& W

and for fixedk and/ conceive it as a function of variable analogously to the previous conclusion, we sa¢it is
again a quadratic function which gets the extreme value for

= ok
b-/
Thus, it follows that
d _b-/
a-/  d '
ie.
(a- /)b -} &, (14)
which is a quadratic equation
/>-(a+b)/ ab £ O, (15)

which can be solved:

) _a+bf(a B2 4ab & a bf(a )P 44
1,2~

2 2 ' (16)

It should be noted that both solutions are real and positive. If either of thé &we now inserted into the system
(a- Nk d & k?>+12 4, 17)

we will getk and| :
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k= °# and |:$L (18)

«fd2+(a -1)? «/d2+(a -1)?
An astute reader will recognize that all this has been about determining the eigenvalues and correspondiopeigenv

of the matrix%j

At first sight, it seems there are two solutions, two straight lines. However, vectarsl - S determine the same
straight line. Nevertheless, we determirtes corresponding valugg and /, which provided two perpendicular

vectors§ ands, . Let us prove it.

Since the expressions férand| contain the same denominators, it is sufficient to prove that the following vectors are
mutually perpendicular

di- (a -/;)] anddi - (a /)],
i.e. that their scalar product equals zero:
&i- (@@ /)] gig@ A dg=(a +Na )/
=d? -a(/; #%) a+ A/ d>=da-h & ab d+0.
Thus we proved there are two perpendicular directions (straight lines) in which fuScteaches extreme value.
Therefore, our example has two stationary points, two local extremes. Which is the minimumhiahdthe

maximum? We are going to answer that question as follows. Let us substitute the calculated véiwes fon
expression (11), use the relation (14) and derive

go_ ad  Har)? , d(a-)
d?+(a +/)?> d?> @@ #% d® (a+ )P-

o

», ad? 0 2 2
ad +£ﬁ# ga -)e 2d°(a -

_ad’+ba-/)® 2d(a § _ 8 : 9
d?+(a -/)? d?> ta }? 49
_ad®- d(a-/) #a y _ad (4 )2'/#
d?+(a -/)? d® @a 3 '

It is clear which of the twd is greater, so we can immediately continue

2 2
Sm:a+b -J(a 5 4d2,and Smax:a+b Jqf(a 5 4&2_ 20)

2 2

Thus, in order to solve the problem, we need to use the formula fiowhich - is taken as the algebraic sign i.e.

/=5 a+b -\/(a B2 4

2

and finish the calculation, i.e. determine correspondirand | .

It is not difficult tosee thatS.,, = Syax IS true if, and only ifa=b andd =0.

2.1. Application of the Euclidean distance method to meridians on thduova carta geografica dello
Stato Ecclesiastico
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The meridians o theNuova carta geografica dello Stato Ecclesiastity Bogkovi I and Mair e, dé
straight lines, which is only true for conical and azimuthal projections. We tested whether the depiction of meridians on
the map were straight lines by applying the Euclidean distance method. For each meediatermined the equation

for the straight line which best fit the set of points whose coordinates were read from meridians on the map.

As an illustration, here is a figure showing the determination of the best fitting straight line for the cerntliahnoer

the map. The original map consists of three sheets, so these were first joined digitally. The map was then loaded into
nanoCAD, so that its bottom left corner was aligned with the origin of the workspace coordinate system, and the metre
was sele@d as the unit of measurement. Seventeen points at clearly visible locations were selected along the central
meridian and their values read (Fig. 2). Their coordinates wgsg) (Table 1, columns 2 and 3).

A v, [m] o set of points
1.5 + barycentre
— fitted straight line
— - map sheet division
1.0 -
SERGEERY (IR
Rl N -
___________ Y, [m]

0.0 -
I

Figure 2. Fitted straight line on the ceat meridian on the Nuova carta geografica dello Stato Ecclesiastico
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Table 1. Coordinateéx;, ¥;) and Euclidean distancéd;) from points to the fitted straight line

oMl xtml | owiml | dAm3 | dim]

1 0.32578| 1.25009( 1.13989E06 | 0.00107
2 0.32573| 1.22884| 8.63373E07 | 0.00093
3 0.32540| 1.17921| 1.47363E07 | 0.00038
4 0.32603| 0.98262| 3.16086E08 | 0.00018
5 0.32626| 0.90828( 7.79101E09 | 0.00009
6 0.32586| 0.85083| 3.09525E07 | 0.00056
7 0.32585| 0.82795| 4.40586E07 | 0.00066
8 0.32606| 0.77841| 4.36542E07 | 0.00066
9 0.32636| 0.69688| 5.03886E07 | 0.00071
10 0.32668| 0.62320( 4.99235E07 | 0.00071
11 0.32723| 0.57724| 1.24087E07 | 0.00035
12 0.32760| 0.46502( 2.10789E07 | 0.00046
13 0.32838| 0.37427| 4.29297E09 | 0.00007
14 0.32863| 0.32414| 7.28148E10 | 0.00003
15 0.32935| 0.22331| 6.79569E08 | 0.00026
16 0.32965| 0.17359( 1.26734E07 | 0.00036
17 0.33060| 0.08756( 8.79231E07 | 0.00094
a 5.56145| 11.55142| 5.79362E06 | 0.00840
ad/n | 0.00049

The average deviation of points from the straight line for the central meridiatseéj00049 m. The central meridian is
also the meridian with the greatest average deviation of points from the circle. Accordingritoi estimation of
allowed average deviation, it can be concluded that the meridians depicted on the map aréhpastsagght line.

3. TESTING WHETHER THE PARALLELS ARE CURVES ON A MAP

It is assumed that the parallels on the map are curves. We need to test whether the parallels are arcs of concentric
circles. We propose a s ol utheiradiosr fusing thd Huclideanrdigtantehmetholl.b e s t 0

The problem

Forn given pointsT,;, T,, € T, and their common cent®on a plane, we need to find the radius of cirtleso that the
sum of the squares of the étidean distances of the given poifiigx, y),i= 1, nfom éhe circle is the least.
The solution

Let us assume there is cenBwith coordinatesxs, ys) andn points on the circlex y;), which for some reason deviate
from the circle to a greater or lesser degree. The radiusf the circle must be found, so that those deviations are as
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small as possible. For example, using the Euclidean distance method, we need to calculate the smallest value of the
function

n e 2.
. = a 2 2 o
a A al(xs %) (¥s ) ¢ (21)
i=1¢ o
Let us determine the first derivation function & and equalize it with zero:
da _ N éﬁ/ 2 2 0 _
— =23 &(xs- %) +(ys- viJ - rd-1)=0. (22)
dr i=1¢ -
It follows that, we get
_10 \/ 2 2
f—ﬁa (xs- % ) +(ys- vi)? - (23)
i=1
We can now calculate the deviations of individual points from the circle
_\/ 2 2
di =y(xs- %) +(ys- vi ) - 7. (24)
for control purposes, this should be
n
ad =o, (25)
i=1
so that finally we can calculate the average absolute value deviation by applying the expression
N
—& [di]. (26)
Ning
The second derivatives proves this concerns the minimum cfidona
d?a
=2n>0. 27
= (27)

3.1. Application of the procedure in determining the radius of parallels on th&luova carta geografica
dello Stato Ecclesiastico

In order to determine the radii of parallels on the map, we tee&dow the centre of concentric circl8&s, ys) and
points with coordinatesx( y;) which are on arcs of circles drawn on the map. As an illustration, here is an example of
determining the radius of the northernmost parallel orNtlngva carta geograda dello Stato Ecclesiastico

Eight points were selected along the northernmost parallel in clearly visible locations and their values read in metres in

nanoCAD (Fig. 3). The coordinates of these points wereg;) (Table 2, columns 2 and 3). The powith coordinates
§0.251, 21.427) was selected as the centre of the circles.
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A_\',, [m]
1.4 -1
1.3 ==

CQ-—0—0—0—00 O
|
| I I | | l x; [m]

1.1 T j ] T | 1 >

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

Figure 3. Circle fitted to the northernmost parallel on the Nuova carta geografica dello Stato Ecclesiastico

By applying formula (23) and the values from Table 2, we caledléhe radius of the northernmost parallel, which
equals r = 20.1972. Deviationgd() of points from the circle with the radius = 20.1972 were calculated by applying
expression (24) and shown in column 5 of Tabldndividual absolute value deviations and the average absolute
deviation are shown in column 6 of the same table.

Table 2. Coordinates of points,(x) along the northernmost parallel, parallel radii from those points to centre S, point
deviations to itcle (d;) and absolute values of those deviations

Point

number Xi [m] yi [m] ri[m] di [m] |ck| [m]

1 0.0143 1.2346| 20.1941| -0.0031 0.0031
2 0.0406 1.2337| 20.1947| -0.0025 0.0025
3 0.1115 1.2318| 20.1960 -0.0012 0.0012
4 0.1833 1.2301| 20.1974 0.0002 0.0002
5 0.2546 1.2294| 20.1979 0.0007 0.0007
6 0.3257 1.2288| 20.1986 0.0014 0.0014
7 0.3510 1.2288| 20.1988 0.0015 0.0015
8 0.6367 1.2307| 20.2003 0.0031 0.0031
a 0.0000 0.0137

a/n 20.1972 0.0017

The average deviation of pogntrom the circle for the northernmost parallel equals 0.0017 m, i.e. approximately 2 mm.
The northernmost parallel is also the parallel with the greatest average deviation of points from the circle.

Table 3 includes the radii of all parallels drawn oa thap, the differences between those radii and the average values

of absolute deviations of points from the circle for each parallel. The average of all average deviations equals 0.0010 m.
According to oura priori estimate of allowed average deviationg;an be concluded that the parallels depicted on the

map are arcs of concentric circles.

4. DETERMINING THE MAP PROJECTION OF NUOVA CARTA GEOGRAFICA DELLO STATO
ECCLESIASTICO

The last column in Table 3 shows the distances between the parallels frodgatadyy applying the known formula for
calculating length

d; :\/(Xi+1' Xi)2+(yi+1' Yi )2 : (28)

Having proved that the meridians on theova carta geografica dello Stato Ecclesiastée straight lines, and that the
parallels are arcs of a concentric circtegan be concluded that the map was produced in an azimuthal or conical map
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projection. Meridians in the projection intersect under the angle of 13', while the map reads that they close an angle of
20' on the sphere. Therefore, we concludeNheva cartageografica dello Stato Ecclesiastieeas produced in some

kind of conical projection. The procedure for determining the angle at which the meridians intersect has been described
in detail in the dissertation by Triplat Horvat (2014).

Table 3. Radii of pallels and differences between them

Parallel . . i ) Difference

number Parallel latitude (f ;) ri[m] Difference a|di|/n [m] aCCOI‘d[IQﬁ] to (28)

1 45 A( 20.1972 0.0017
2 4 4 A" 20.2473 0.0501 0.0013 0.0501
3 44 A 20.2970 0.0497 0.00® 0.0497
4 44 A7 20.3466 0.0497 0.0013 0.0495
5 4 4 A7 20.3964 0.0497 0.0013 0.0495
6 44 A7 20.4468 0.0504 0.0012 0.0506
7 44 A( 20.4979 0.0511 0.0010 0.0506
8 43 A" 20.5481 0.0501 0.0011 0.0501
9 43 A4 20.5995 0.0514 0.0008 0.0517
10 43 A7 20.6498 0.0503 0.0010 0.0500
11 43 A7 20.7005 0.0507 0.0009 0.0508
12 43 A7 20.7505 0.0500 0.0011 0.0500
13 4 3 A 20.8008 0.0503 0.0010 0.0502
14 42 A" 20.8515 0.0507 0.0010 0.0508
15 42 A 20.9017 0.0502 0.0012 0.0505
16 42 A7 20.9520 0.0503 0.0008 0.0506
17 42 A7 21.0028 0.0508 0.0007 0.0514
18 42 A7 21.0531 0.0503 0.0005 0.0500
19 42 A( 21.1031 0.0499 0.0007 0.0498
20 41A‘" 21.1537 0.0506 0.0007 0.0505
21 41A4 21.2040 0.0503 0.0008 0.0502
22 41 A7 21.2539 0.0499 0.0006 0.0496
23 41 A2 21.3039 0.0500 0.0008 0.0503
a/n 0.0503 0.0010 0.0503

The differences calculated by applying the formula (28) between the parallels shown in the last column of Table 3 lead
us to the conclusion that the map projection is equidistant along ttidianse. Based on all this, we can conclude that

the Nuova carta geografica dello Stato Ecclesiastisdn the normal aspect conical projection, which is equidistant
along the meridians. It is still necessary to determine the parameters of this prdjedplai Horvat 2014).

5. CONCLUSION

This paper presents a procedure for testing whether meridians are straight lines, and parallels curved lines, by applying
the Euclidean distance method. The procedure was illustrated on the examplblwd¥hecartageografica dello Stato
Ecclesiastcdby Bogkovi | and Maire.

We proved that the meridians drawn on the map were parts of straight lines, while the parallels were curved parts of
circles. In addition, we proved the map was produced in the normal asp&ell gmojection, which is equidistant along
the meridians.

Now that we know the projection in which tiNuova carta geografica dello Stato Ecclesiastizas produced, it is
necessary to determine the map projection parameters. This could be the topirecaksearch.
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We proposed the use of the Euclidean distance method to test straightness and curvature, because the Euclidean
distance of a point from a straight line is always the same, regardless of the coordinate system. Future research should
estimaé the accuracy of parameters determined this way and the sensitivity of the method to small changes in input
data.
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Abstract

The article deals with the influence of differenttographic projections when georeferencing maps. The research is
focused on the influence of georeferencing on standard transformation errors when using three most widely used
cylindrical map projections Sanson'ssi nusi odal , t he P latb.sSta@@lard err@re calautated t h e
during the tests are not affected by the wrong choice of ground control points, but they only depend on the difference in
the cartographic projection of the map and the cartographic projection of the reference coosliat into which

the map is georeferenced. These three most widely used cylindrical projections were used for the different size territory.
The calculated results help to decide when it is necessary to consider this influence on the results of ttmedtiansfo

The influence of the density of ground control points (780 points and 3160 points per map) was studied as well.

PROBLEMATIC ASPECTS IN GEOREFERENCING

The georeferencing of old maps is a process consisting of a series of individual acts. Tregiigitizing map data

usually does not put much emphasis on georeferencing, and georeferencing itself is subject to numerous errors.
Frequent errors occurring during georeferencing are pointed out by Baiocchi and Lelo [3]. The process of
georeferencingld maps is described by Podobnikar [7], Molnar, Podobnikar and Timar [8] and Zlinszky and Molnar
[10].

Provided we want tgeoreferencen old paper mapwe must firstscan it Scanning is donen large scalealibrated
scannersA mapis usuallyscannedvith a resolution o400 DPI. Higher resolutionsnostly only bring arincrease in
the volumes of data. The risk associated with the choicdater resolution, on the contrarig losing mapdetails In

the case o# resolution of 40DPI, the size of ae pixel is approximately0.06 mm and with regard to theninimum

width of aline on the mamf 0.1 mmthis resolution isufficient

The next step is to locate the scanned map into a reference coordinate system. Ground control points are identified on
the scanned map for which coordinates in the respective reference coordinate system are available. This study addresses
the issues of the influence of a cartographic projection on the results of georeferencing. In practice, this means that we
have scanned asriginal old map in a specific coordinate system and are trying to transform it into a map located in the
reference coordinate system by means of ground control points. In the case that the coordinate systems used on both
maps are different, the resultstbe transformation are affected without of ground control points.

It is important to obtain as much information about the scanned map as possible, especially regarding the used reference
coordinate system, including all parameters of the cartograpbjeqtion. The possibilities of determining the used
reference coordinate system were studied in more detail by Bayer [1]. [2] and Boutoura and Livieratos [4].

This study develops the influence of a cartographic projection on the results of georeferencoyjinfirical
projections of areas differing by size.

After obtaining information about a map and determining ground control points, the next important step is to choose the
type of transformation method. There are two types of transformation methaisys@ctice. The first of them are

global transformation methods by means of which one transformation key is calculated from all ground control points
using the Mean Squared Error Method. This key is applied to the whole area of the map, and, tgesafateontrol

points do not have their position in the final result as some residuals arise at these points in the case of redundant
ground control points. The second group of used transformation methods are local methods. A unique transformation
key is @lculated for each location on the map. Ground control points have their position in the final result in this
method. A considerable disadvantage is that in the case of a wrongly determined ground control point, this point cannot
be identified and a relatly large distortion of the map arises in its vicinity.
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The following step usually involves saving information about georeferencing. Currently, there are three saving options
used. The first of them is a world file where information is stored in aniayxflle to a raster file by using six digits

the pixel size in the x and y direction, rotation about the x and y axes, and the coordinates of the upper left corner of the
raster. The disadvantage of this type of storage is that only global transtornrathods, namely identity. similarity

and affine transformation, can be saved in these six values. While using higher order polynomial transformations or
local transformation methods, the results can no longer be stored using six unknown parametezs.ofitioh is to

store information in an XML file where information about the reference coordinate system, ground control points.
transformation type, etc. is also stored. This type of storage is the best considering the usage. Unfortunately, there is
currently no single XML for different geographical information systems, and for example, the ESRI Company uses its
own AUX.XML file. The third option is resampling the georeferenced raster. In this case, a new raster arises which has
always a worse resolutidhan the original as the pixel values are derived from the surrounding pixels using a variety of
methods. The disadvantage of this option is the loss of information on ground control points. For more details on the
storage possibilities of the resultsgdoreferencing see publications by Cajthaml [3]. [4].

INFLUENCE OF A CARTO GRAPHIC PROJECTION O N GEOREFERENCING

As was described above, the principal topic of this study is the influence of a cartographic projection on the results of
georeferencing. Thisfluence was investigated on three most commonly used cylindrical cartographic projections for
four areas differing by size. Furthermore, the effect of the density of ground control points on the influence of a
cartographic projection was studied.

Cylindrical cartographic projection

First of all, three commonly used cylindrical projections of a sphere onto a plane were selected. Old maps often may be
projected in Sanséns si nusoi dal pseuadnodc ytlhendPli aaé @Gaoj ®emoghooj ec
commonly used projections are the Plate Carr®e and the
Sansod s s i rpuwojection fbrathe whole world is displayed in Figure 1. In mathematical terms, this projection may

be written as Equations 1.

i'—) 4 3r, & 4 OHI 3 O, whereRis radius of Earthy is longitude andJ is latitude. (Equations

Figure 1: Sansonébés sinusoidal projection fo

The Plate Carr ®e pr oj eplayed m Rigufe@.rin mathematiaath terinse thisvooojettion maysbe d i s
written as Equations 2.

L 4 3r<L {OH ¥ O whereRis radius of Earthy is longitude U is latitude andJ, is undistorted parallel of
latitude. (Equations 2)
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Figure 2: Pl ate Carr®e projection for the

The Mercator projection for the whole world is displayed in Figure 3. In mathematical terms, this projection may be
written as Equations 3.

L 437 «F% J, L (Equations 3)

Figure 3: Mercator projection for the whole world [5]
Type of transformation

There are currently numerous geographical information systems allowing different types of spaf@aintedios.

These are global transformational methods (identity, similarity, affinity, second or third order polynomial) and local
transformation methods (Thin Plate Spline. IDW transformation). In practice, the most commonly used transformation
for old mas is the affine transformation or the second order polynomial transformation. While studying the influence
of a cartographic projection on georeferencing, a regular network of ground control points (20 x 39 or 40 x 79) in two
different projections was egtlished. One represents the projection of a scanned map whereas the other the projection
of the current reference coordinate system. Because of a large number of ground control points, particularly the affine
and the polynomial transformations were chosére formulae for the affine transformation are written as Equations 4

and the formula for the second order polynomial transformation are written as Equations 5.

of =|=o -H-c J|||=,1]' u, m I (Equations 4)

I I LT Ol

(Equations 5)

A matrix of partial derivatives of transformation equations according to individual variables was formed for the
calculation using the Mean Squared Error Method. Then, ajustesférmation parameters and mean coordinate errors
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were calculated in a classical way. The mean coordinate transformation error, the maximum coordinate residual at a
ground control point and their sizes recalculated into a map scale were listed inghe tab

Choice of examined areas and density of ground control points

The research was focused on four types of territories. For all of them, the prime meridian which passes through the
centre of the studied area and two undistorted parallels symmetribalesjiect to the Equator were calculated. One of
these undistorted parallels passes through the centre of the studied area. The first territory is the area of the whole of

Europe (the soutwe st er n poi nt of 10A west | ®@magrthet ausdte paonidn t 3 50Af  n¢
l ongitude and 70A north latitude). The second studied
western point of 10A west | ongédastdep ainmdt 3&GfA dhekotAhard darttil
latitude). The third territory covers the area of the Czech Republic (thewoaitht er n poi nt of 12A e
48A north | at ietassdte ,poamd tolfe 1moAr tehast | ongitude and 51.
corresponds by its area toparticular region of the Czech Republic (the somtle st er n point of 14.5
and 50.5A north ¢asitpdent aal L6e5Aoeasdt | ongitude anc

territories have marea which is defined so that its dimension in longitude is twice larger than its dimension in latitude.
The territory of the whole Europe covers an area of 70
50A by 25A. thhe Ctzercrhi tRerpyubdfic covers an area of 7A by
1A by 0.5A.

The following transformations were performed for all/l t
projection, fodml SaEnsondbhesMausator projection and fro
projection. The density of the network of ground control points selected was twenty in theastesshd forty in the

southnorth direction. Also, the density of ground controlrs four times greater was selected.

RESULTS OF STUDY OF THE INFLUENCE OF A C ARTOGRAPHIC PROJECTI ON ON
GEOREFERENCING

The results were calculated using a programme created in the MATLAB environment. The usual paper map format of
50 by 100 cm was chosefhese values served for the calculation of the approximate map scale: the map of Europe
7.750.000; the map of Europe without Russia’5.500.000; the map of the Czech Republic 1.500.000; and the map

of a region- 1: 110.000. The values of theean positional deviation of the transformation and the value of the
maximum positional deviation at a ground control point were recorded for all types of territory and different types of
transformation. These values were subsequently also recalculdtedsiae on the original map. It generally holds true

that the graphical map accuracy corresponds to 0.1 mm. All results are listed in Tables 1 to 9 and in Figure 4 to 9.

Territory | Description / Number of Grounds Control Points | 760 3160
Area of | stardard deviation of coordinates 387.4| 372.7| km
Europe | maximum deviation of coordinates 1794.6| 1790.5| km
standard deviation of coordinates on map scale 49.8| 47.9| mm
maximum deviation of coordinates on map scale 230.8| 230.2| mm
Area of | standard deviatioof coordinates 167.9| 161.5km
Europe | maximum deviation of coordinates 748.3] 747.1| km
without | standard deviation of coordinates on map scale 30.2] 29.1| mm
Russia maximum deviation of coordinates on map scale 134.7| 134.5| mm
Area of | standard deviatioof coordinates 3.6 3.4\ km
Czech maximum deviation of coordinates 14.4| 14.4|km
Republic | standard deviation of coordinates on map scale 2.3 2.2 mm
maximum deviation of coordinates on map scale 9.2 9.2| mm
Area of | standard deviation of coordinates 75.7| 72.8/m
aregion | maximum deviation of coordinates 298.3| 298.2|m
standard deviation of coordinates on map scale 0.7 0.7 mm
maximum deviation of coordinates on map scale 2.7 2.7\ mm

Table1:Af fi ne transformation freamr®anpondPecsiomsoi c
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INFLUENCE OF USED REFERENCE COORDINATE SYSTEM FOR GEOREFERENCING
FROM SANSON-SINUSOIDAL TO PLATE CARREE PROJECTION
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Territory | Description / Number of Grounds Control Points | 760 3160
Area of | standard deviation of coordinates 257.6| 247.2| km
Europe | maximum deviation of coordinates 1092.5 1090.0 km
standard deviation of coordinates on map scale 33.1 31.8| mm
maximum deviation of coordinates on map scale 140.5] 140.5|mm
Area of | standard deviation of coordinates 120.5] 115.7|km
Europe | maximum deviation of coordinates 505.5| 504.7| km
without | standard deviation of coordinates on map scale 21.7 20.8| mm
Russia | maximum deviation of coordinates on map scale 91.0 90.9| mm
Area of | standard deviation of coordinates 2.5 2.4\ km
Czech maximum deviation of coordinates 9.3 9.3 km
Republic | standard deviation of coordinates on map scale 1.6 1.5/ mm
maximum deviation of coordinates on map scale 6.0 6.0| mm
Area of |standard deviation of codinates 50.9 48.9|m
aregion | maximum deviation of coordinates 188.7] 188.7m
standard deviation of coordinates on map scale 0.5 0.4 mm
maximum deviation of coordinates on map scale 1.7 1.7/ mm
Table2Af fine transformati dmtfor dderean 0aré&s pyionesdii
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Figure 6: From Sansonds sinusoidal to Mercator 6.
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nusoidal to Mercatords
Territory | Description / Number of Grounds Control Points 760 3160
Area of | standard deviation of coordinates 103.7] 98.1| km
Europe | maximum deviation of coordinates 341.4| 354.7|km
standard deviation of coordinates on map scale 13.3] 12.6|mm
maximum deviation of coordinates on map scale 43.9| 45.6|mm
Area of | standard deviation of coordinates 40.7| 38.7|km
Europe | maximum deviation of coordinates 124.7| 129.2| km
without | standard deviation of coordinates on map scale 7.3 7.0l mm
Russia | maximum deviation of coordinates on map scale 22.5| 23.3]mm
Area of | standird deviation of coordinates 818.5| 779.6| m
Czech maximum deviation of coordinates 2262.0[2328.8) m
Republic | standard deviation of coordinates on map scale 1.1 1.0l mm
maximum deviation of coordinates on map scale 2.9 3.0l mm
Area of | standard deviationf coordinates 17.3| 16.5|m
aregion | maximum deviation of coordinates 47.1] 10.0lm
standard deviation of coordinates on map scale 0.2 0.1 mm
maximum deviation of coordinates on map scale 0.4 0.1 mm
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BsasenCarr ®

San. sinusoidal | San. sinusoidal| P1 at e
Territory | Description / Projection (from 1 to) PlateCar r Mer cat Mer cat
Area of | standard deviation of coordinatésn] 387.4 257.6 103.7
Europe | maximum deviation of coordinates [km] 1794.6 1092.5 341.4
standard deviation of coordinates on map scale [m 498 33.1 13.3
maximum deviation of coordinates on map scale 1 230.8 140.5 43.9
Area of | standard deviation of coordinates [km] 167.9 120.5 40.7
Europe | maximum deviation of coordinates [km] 748.3 505.5 124.7
without | standard deviation of coordinates map scale [mm] 30.2 21.7 7.3
Russia | maximum deviation of coordinates on map scale [n 134.7 91.0 22.5
Area of | standard deviation of coordinates [km] 3.6 2.5 0.8
Czech maximum deviation of coordinates [km] 14.4 9.3 2.3
Republic | standard deviationf coordinates on map scale [mm 2.3 1.6 1.1
maximum deviation of coordinates on map scale [n 9.2 6.0 2.9
Area of | standard deviation of coordinates [m] 75.7 50.9 17.3
aregion | maximum deviation of coordinates [m] 298.3 188.7 47.1
standard devi#gon of coordinates on map scale [mm 0.7 0.5 0.2
maximum deviation of coordinates on map scale [n 2.7 1.7 0.4
Table 4 Results offfine transformation foB 160 grounds control points
Territory Description / Number of Grounds Control Points | 760 3160
Area of standard deviation of coordinates 116.3] 108.9| km
Europe maximum deviation of coordinates 655.2| 663.5| km
standard deviation of coordinates on map scale 15.0, 14.0/mm
maximum deviation of coordinates on map scale 84.2| 85.3|mm
Area of stardard deviation of coordinates 31.6| 29.7|km
Europe maximum deviation of coordinates 165.1) 168.4| km
without standard deviation of coordinates on map scale 5.7 5.3 mm
Russia maximum deviation of coordinates on map scale 29.7 30.3| mm
Area of standard ddation of coordinates 95.2| 89.3|m
Czech maximum deviation of coordinates 444.2| 456.4|m
Republic | standard deviation of coordinates on map scale 0.1 0.1 mm
maximum deviation of coordinates on map scale 0.3 0.3| mm
Area of standard deviation of coordites 0.3 0.3|m
a region maximum deviation of coordinates 1.3 1.4|m
standard deviation of coordinates on map scale 0.0 0.0l mm
maximum deviation of coordinates on map scale 0.0 0.0l mm
Table 5Second order polynomialr ansf or mati onsérdal Sanson
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nto

Territory Description / Number of Grounds Control Points 760 3160
Area of standard deviation of coordinates 73.5| 68.8| km
Europe maximum deviation of coordinates 398.9| 403.9| km
standard deviation of coordinates map scale 9.5 8.8/mm
maximum deviation of coordinates on map scale 51.3| 51.9| mm
Area of standard deviation of coordinates 21.9| 20.6|km
Europe maximum deviation of coordinates 111.6| 113.8/ km
without standard deviation of coordinates on map scale 3.9 3.7/mm
Russia maximum deviation of coordinates on map scale 20.1] 20.5/mm
Area of standard deviation of coordinates 63.1| 59.2|m
Czech maximum deviation of coordinates 287.0] 294.9| m
Republic | standard deviation of coordinates on map scale 0.0/ 0.0/mm
maximum deviation of coordinates on map scale 0.2 0.2|mm
Area of standard deviation of coordinates 0.2 0.2|m
aregion maximum deviation of coordinates 0.8/ 09 m
standard deviation of coordinates on map scale 0.0 0.0|mm
maximum deviation of aardinates on map scale 0.0 0.0|mm
Table 6Second order polynomitdansformationfrorSansonés si nusoi dal
Territory Description / Number of Grounds Control Points 760 3160
Area of standard deviation of coordinates 15.2] 16.0{km
Europe maximum deviation of coordinates 82.0] 103.6| km
standard deviation of coordinates on map scale 2.0 2.1l mm
maximum deviation of coordinates on map scale 10.5| 13.3|mm
Area of standard deviation of coordinates 3.6 3.7\ km
Europe maximum deiation of coordinates 18.1] 22.1km
without standard deviation of coordinates on map scale 0.6 0.7 mm
Russia maximum deviation of coordinates on map scale 3.3 4.0l mm
Area of standard deviation of coordinates 0.0 0.0| km
Czech maximum deviation of coordates 0.1 0.1| mm
Republic | standard deviation of coordinates on map scale 0.0 0.0l mm
maximum deviation of coordinates on map scale 0.1 0.1 mm
Area of standard deviation of coordinates 0.0 0.0|m
a region maximum deviation of coordinates 0.2 0.2|m
standard deviation of coordinates on map scale 0.0 0.0l mm
maximum deviation of coordinates on map scale 0.0 0.0l mm

Table 7Second order polynomitdansformation fronP | at e
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San. sinusoidal | San. sinusoidal P1 at e
Territory | Description / Projection (from i to) Pl ate @ Mercat| Mercat
Area of | standard deviation of coordinatiésn] 116.3 73.5 15.2
Europe | maximum deviation of coordinates [km] 655.2 398.9 82.0
standard deviation of coordites on map scale [mm] 15.0 9.5 2.0
maximum deviation of coordinates on map scale [mr] 84.2 51.3 10.5
Area of | standard deviation of coordinates [km] 31.6 21.9 3.6
Europe | maximum deviation of coordinates [km] 165.1 111.6 18.1
without | standard deviatin of coordinates on map scale [mm] 5.7 3.9 0.6
Russia maximum deviation of coordinates on map scale [mr] 29.7 20.1 3.3
Area of | standard deviation of coordinates [m] 95.2 63.1 0.0
Czech maximum deviation of coordinates [m] 444.2 287.0 0.1
Republic | standard deviation of coordinates on map scale [mm 0.1 0.0 0.0
maximum deviation of coordinates on map scale [mr] 0.3 0.2 0.1
Area of | standard deviation of coordinates [m] 0.3 0.2 0.0
aregion |maximum deviation of coordinates [m] 1.3 0.8 0.2
standrd deviation of coordinates on map scale [mm] 0.0 0.0 0.0
maximum deviation of coordinates on map scale [mi 0.0 0.0 0.0
Table 8 Results ;fecond order polynomial transformation 660 grounds control points
San. sinusoidal San. sinusoidal| P | at e
Description / Projection (from i to) / Type of Plate ¢ Mercat Mercat
Territory | transformation affine | 2"p. |affine |2"p. |affine|2"p.
Area of standard deviation of coordinatsn] 387.4) 116.3| 257.6 73.5| 103.7| 15.
Europe maximum deviation of coordinates [km] 1794.6) 655.2| 1092.5 398.9| 341.4| 82.0
standard deviation of coordinates on map scale [mfj  49.8 15.0f 33.1 9.5/ 13.3 2.0
maximum deviation of coordinates on map scale [n] 230.8] 84.2| 140.5 51.3| 43.9] 10.5
Area of standard deviation of coordinates [km] 167.9] 31.6| 120.5 21.9| 40.7 3.6
Europe maximum deviation of coordinates [km] 748.3| 165.1] 505.5| 111.6| 124.7)] 18.1
without standard deviation of coordinates on map scale [mf  30.2 5.7 21.7 3.9 7.3 0.6
Russia maximumdeviation of coordinates on map scale [m| 134.7] 29.7| 91.0 20.1| 225 3.3
Area of standard deviation of coordinates [km] 3.6 0.1 2.5 0.1 0.8 0.0
Czech maximum deviation of coordinates [km] 14.4 0.4 9.3 0.3 2.3 0.1
Republic | standard deviation of coordites on map scale [mm] 2.3 0.1 1.6 0.0 1.1 0.0
maximum deviation of coordinates on map scale [ 9.2 0.3 6.0 0.2 2.9 0.1
Area of standard deviation of coordinates [m] 75.7 0.3 50.9 0.2| 17.3 0.0
aregion maximum deviation of coordinates [m] 298.3 13| 188.7 0.8| 47.1 0.2
standard deviation of coordinates on map scale [mr] 0.7 0.0 0.5 0.0 0.2 0.0
maximum deviation of coordinates on map scale [ 2.7 0.0 1.7 0.0 0.4 0.0

Table 9 Results of afinne asdcond order polynomialt2p.) transformatiorfor 3 160 grounds control points

CONCLUSION

The results in the tables clearly show that the influence of the cartographic projection on georeferencing (unaffected by

errors resulting from a wrongly determined ground control point) is a serious problemdthscale maps (a map of

Europe and a map of Europe without Russia). For the area of the Czech Republic, the value of the standard deviation of
coordinates resulting from the second order polynomial transformation is below the graphical accuradd timasho

on the contrary, the resulting values produced from the affine transformation get above this threshold, and the correct
cartographic projection must be used while georeferencing. For maps of regions, the influence of a wrongly selected

cartograplt projection is completely negligible if the second polynomial transformation is used. The results of the

affine transformation are just above the graphical map accuracy threshold.
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The results imply that the choice of the transformation type consigeafbtts the results of the transformation. The
polynomial transformation provides significantly better results. On the other hand, the resulting georeferenced map is
more fAdefor medo. I n the case that ttdre use the affinedransf@matiomgr a p
as old maps tend to be affected by the map distortion in the transverse and longitudinal direction and so the original map
is not so much distorted when the affine transformation is used. On the contrary, we recahariimedelement affine
transformation, which, however, is usually not offered by GIS programmes, to be used for this type of maps. The
following unknown quantities occur in this transformatiothe £ale factor in the saxis, the scale factor in theaxs,

only one angle of rotation, and two shift coefficients.

If the density of ground control points is greater, the maximum deviation of coordinates gets worse in the case of a
wrongly selected cartographic scale, as more points are located at a gistateredirom the undistorted meridian or
parallel. In contrast, the mean deviation of coordinates reaches better results; there is an improvement of several percent
if the network of ground control points is by a quarter denser.

Our research project haslg started, and only cylindrical types of cartographic projections have been tested so far. The
next steps will involve the comparison of other types of transformations and the addition of another cartographic
projection (e.g. a conic projection). The arrcontains graphs comparing coordinate networks for the studied territory.
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Abstract

The following normal aspect conic projections are analysed in detail: conformal, -ageml equidistant along
meridians, equidistant along parallels and gnomonic perspective. Parameters which fully define a map projection are
determined by setting certagonditions which have to be met. These conditions are usually expressed using relations
which the linear scale has to meet. Then, projection parameters are obtained which are usually expressed with latitudes
corresponding to standard parallels, i.e. pasdl along which there is no distortion in the projection. This paper
emphasises on a reverse procedure: one has to determine standard parallels for known projection parameters. It is
shown that the problem is reduced to solving a-lmear equation(for conformal projections and equidistant conic
projections along meridian®or quadratic equatior{for equatarea projectionk This is equivalent to finding a root of
appropriate functions.

Special emphasis is put on normal aspect conic projections withomel standard parallel. It is demonstrated that the
normal aspect conic projection which is equidistant along parallels and the normal aspect conic gnomonic projection
can only have one standard parallel, while the conformal, equed and equidistant ahg meridians projections can

have two such parallels.

1. INTRODUCTION

Normal aspect conic projections are map projections in which meridians are mapped as straight line sections
intersecting at angles proportional to differences in their longitudespanadiels are mapped as concentric circle arcs

with centres in the meridian intersection (FranlJula 20
X=g - @0sS , y= 1&sin @

with
ro=(),d=x(C1gqg 2

where

d... angle of intersecting meridian images in the projection plane

r ... parallel radii in projection

k ... proportionality constanf0<k <)

| ... longitude

| ... longitude of central meridian of the mapped area

g... constant which defines the relation (translation) of the polar coordinate systein relation to the rectangular

coordinate systenx, y. It is usually the radius of parallel in projection corresponding to the least (southernmost)
latitude.

The functionr =(r) is usually determined according to mapping conditions, eogfoemality, equivalence or

equi di stance. We are going to | imit thRwhileogenemrlizatidnto pr o]
a rotational el lipsoid could be ddRisgeographicallparametarized me . | f
the usual way:
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\ (D
N o

X =Rcos jcos , Y=Rcos jsin , Z=Rsin j,j | ,Ep,l i[ -8

For numeric examples in this pap&,= 6370000 m. Subsequent chapters explokowing normal aspect conic
projections: conformal, equalrea, equidistant along meridians, equidistant along parallels and gnomonic perspective
projections. We have, in order:

9 for normal aspect conformal conic projection of a sphere

k

0 _®
r Ktan :R-€tar{( 4882 , 3

YO Qo
8BS
N e
|-O: Ot

whereC = 5
R

9 for normal aspect equakea conic projection

2
:JK 2R” in iR 2 sin : (4)
k k

whereC = ﬁz
R

9 for normal aspect conic projection which is equidistant along meridians
r K R JRE€ ), ®)

whereC = 5
R

i for normal aspect conic projection which is equidistant along parallels

cos
R 6
k ©)

9 for normal aspect gnomonic perspective conic projection

K cos R C cosj
sinacos(j - )a k cos( j

)

where C :%, k =sin

In addition to constari, which is common in literature, constadtis introduced for numeric reasons, which will be
clear from subsequent examples. Distortion distribution of a projection is affected by selection of stantlels] para
parallels along which there are no distortions. The linear scale along parabdli:iormal aspect conic projections is
expressed by (Franlula 2004):

kr .
n=n() cmoq' o %, (8)

and the condition of equidistance along a parallel with latijuds n(j ) 4, thatis

kr =Rcos . 9)
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In addition to the sphere of radiis equations (3)(7) contain constantsandK, whi ch affect a pr oj
distribution. The constants are determined in various conditions which are not neweadeseribed in detail in
literature (Borlil 1955, Kavrayskiy 1959, Solov'ev 19
Franlula 2004). This paper deal s wikahdKoffamormakaspeat ®mec pr ob
projection, what are corresponding standard parallels?

2. STANDARD PARALLEL S OF A NORMAL ASPECT CONIC CONFORMAL PROJ ECTION

A normal aspect conformal conic projection of a sphere with rdgligsgiven with the equation (3). The projection is
often referred taas the Lambert conic conformal projection after German mathematician, physicist, astronomer and

cartographer Johann Heer i ch Lambert (Lapaine, Kuvejjlda'ndj,z al@ng @hich . | f
there are no length distortions are given, then constaardK are expressed by:

Incos , -Incos 4

S 120, B 9
a 2 O
Intanss- - slntan —p——
& 2 2 4E 2
and
K = Rcooq 1j ) RCOZZj (11)
ktark 2P _ 11 © yark 12
& 2 9 4 2
that is
K cosj COSj
R késélj 5, & gl ' 42
ktan oa - 21 & k tarf —as2
& o2 2 4F 2

Due to projection conformality, the linear scale along meridians is equal to the linear scale along parallels, which means
that parallels with latitude§,, j, are at the same time standard parallels of the projection. It is necessary to determine

which latitudesj ¢, j, fulfil equations (10) and (11) or (12)kfandK, that isC are known.

By substituting (3) into (9), we get
KK tan® Ej -;8:R cos (13)

B

thatis f(j ) =0, where

f(j) =Cktarf cos . (14)

O Wo
GRS
N e
1O: O

The equation (13) is obviously a nbnear equation with unknowf which always has at least one solutipn:g

which can be determined easily, but we are interested in other solutions, if there are any. Solving the equation (13) or
finding null-points of the function (14) can be done using some of the usual methods, i.e. the bisection method. In any
case, werequire corresponding initial or approximate values of unknowns, because convergence of the applied
procedure depends on this.

Example 1.

Letj,; =0 andj, =60 be given. According to formulae (10), (11) and (128, amlculate constanksK, andC

k=0,7700270
K =11402985
C=1,7901075
o £ (i k&p j O . T
The function f (j ) =Cktan & 5 g Cos is represented graphically in Fig. 1.
(o -
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f(p)

/\ ¢[°]
l 1 1 I 1 l

|
| | | | —— | | 1

0
10 20 30 40 50 60 70 80 90
Figure 1. Representation of functioi(j ) :thankg% EJ 8(:05
g -

From given constantk and K, tha is C, by solving the notlinear equation (13), we get three solutions =0 |,
i 2 B0 andj 3 90 . The third solution is a consequence of mapping the North Pole into a point, i.e. degeneration of
a parallel into a point.

2.1. Normal Aspect Conic Conformal Projection With One Standard Parallel

If j1 = 4, then the expression (10) fekbecomes undetermine(%,, and it is not possible to directly calcul&térom

it. In such a case, it is necessary to calculate

Incos , -Incos 4

k= lim —— :
Jor Jllntamgtg—J—2 8~Intan—'ﬁi
¢4 2 = ac 2
By applying the L'Htpital's rule we get
k=sin j
and then
tanSi”jlge%+%:
K=R & '
tanj 4
that is
tanSinjlgeE+j—1 ‘
C:5 = C4 2 .

R tanj 4

In previous formulaej 4 is the latitude of a parallel which is the only standard parallel of a normal aspect conformal
conic projection. When there is only one standard parallel, projection constamid< are not independent, and their
relation forO<k < is expressed by

1
k+E
coK _arky 2
R k-t
k(- k) 2

3. STANDARD PARALLEL S OF THE NORMAL ASPECT CONIC EQUAL -AREA PROJECTION
A normal aspect equarea conic projection of a sphere with radius given with the equation (4). The projection is

often referred to as the Albers projection after German scientist Heinrich Christian Albers18333 If parallels with
latitudesj ; andj , along which there are no length distortions are given, then cuski#& andC are determined by
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_sinj ¢ +sin §

k 15
> (15)
and
_R? o R . ! R o
K_F(l 2k sin 4j sirf l)Jpz(l X sin, sif 7 )?j @ =sing simy , (16)
that is
K 1 . o 1 . 2 1. . .
C=— =—=(@1 2ksin Jsug ) = @& X sin S|ﬁ -)— @ swy sing. a7
R2 k2 1 1 k2 2 2 k2 1 2_

Due to projection equivalence, the linear scale along meridians equals 1 if the linear scale alotgiparqilal to 1,
i.e. parallels with latitude§ , j, are at the same time standard parallels of the projection. It is necessary to determine

which latitudesj 4, j, fulfil equations (15) and (16) or (17)kfandK, that isC are known.

By substituting (4) into (9), we get
2

sin?j -&sin | R 1-C, (18)
R
thatis f(j ) =0, where
f(G) =in® j Xksin Gk* 1 (19)

The equation (18) is a quadratic equation with the unknsimn . The equation can, but does not have to have real
solutions. Solutions of the equation (18) can be written as

(sinj yo =* (jkz(l o 1 (20)

If the expression under the squaoet in (20) is negative, then the equation (18) does not have reabssluti the
expression equals zero, then the equation has one real solution, and if it is greater than zero, then the equation has two

real and different solutions. In additions, it is alwas®] i[ 1,:], which also affects meaning of thelgmn
expressed by the formula (20).

Example 2.

Letj, =0 ,j, =60 be given. According to formulae (15), (16) and (17), we calculate congtafitandC:

k=0,7544065
K =110985100799777
C=2,7351794
f()
03 +
02 T
0,1 4
\ of°]
1 1 1 1 1 L 1 1 1
1 | | [y T O o | | 1§ 4
1)
10 20 30 40 50 60 70 &0 90

2

Figure 2. Representation of the functib(j ) =sin® | X sin ¢k2+ 1
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The function f(j) =sin® j &sin Gk% 1is represented graphically in Fig. 2. From given constaatsdK, that

is C, by solving the quadratic equation (18), we get two solutipps=0 andj , =60 .

3.1. Conformal Conic EquatArea Projection With One Standard Parallel

If j1 = 4, then from the expression (13) we detsin j; and then

2
:%(1 «2),
that is
C:£ _—.i H
RZ K2

The final equation provides the relation between parameters of normal aspearequahic projection with only one
standard parallel. It is easy to see that in such a case, the quadratic equation (20) has daljoone so

4. STANDARD PARALLEL S OF A NORMAL ASPECT CONIC PROJECTION WHI CH IS
EQUIDISTANT ALONG ME RIDIANS

A normal aspect conic projection equidistant alogn meridians of a sphere with Radigsven with the equation (5).
The projection has been known @nthe time of Claudius Ptolemy (around 100 A.D.). It was improved by Johannes
Ruysch in 1508 Gerard Mercator at the end of the 16th century and Nicolas de I'lsle itf paddlels with latitudes

j1 andj , along which there are no length distortions are given, then it can be shown that cdgdtasnsl C are
determined by expressions
_CoS , -COS 4

k , (21)
J1 -2
and
K=R(cosj K] Rdcos, k ) RL%l2 -2ic0S; (22)
k . ok 2 277 Co§ » -COS 4

that is

c-K 03, . COSjp o+ ji €S2l 2 §0S; 23)
R k k cos , -COS

Due to egidistance along meridians and the condition that the linear scale along parallels with Igtituaiesj
equals 1, it follows that parallels with latitudgs, j, at the same time staadl parallels of the projection. It is
necessary to determine latitudieg j, which fulfil equations (21) and (22) ifandK, or C are known. By substituting
(5) into (9), we get the equation

. 1 . K
+cos j = 24
] - j R (24)
thatis f(j ) =0, where
fG) = 15‘1’;‘— c (25)

The equation (24) is obviously a ntinear equation with the unknowp which can, but does not have to have a

solution, and if there is a solution, it has to lméque. Solving the equation (24) or finding npbints of the function

(25) can be done by some of the known methods, such as the bisection method or the iteration method. In any case, it is
necessary to have corresponding initial or approximate valuaskabwns because they affect the convergence of the
applied procedure.
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Example 3.
Letj, =0 ,j, =60 be given. We calculate constaktandK, or C according to formulae (21), (22) and (23):

k=0,7621612
K= 10849554,5
C=1,7032268

The functionf(j) = j &Oki C is represented graphically in Fig. 3.

10 20 30 40 50 60 70 80 90

¢[°]

. i ! | T —) ] L
1 ] I I I 1 I |

J()

Figure 3. Representation of the functidr§j ) = j E.cﬁkSJ_ C.

From given constantsandkK, that isC, by solving the notinear equation (24yve get two solutiong ; =0 ,
jo 0.

4.1. Normal Aspect Conic Projection that is Equidistant Along Meridians with One Standard Parallel
If j1 = 4, then the expression (21) fkbecomes undetermed, g , and it is not possible to directly calcul&t&om
it. In such a case, it is necessary to calculate

k= lim 292 €084
J2-h J1 -4

By applying the Kk=dihtjpandithed ' s rul e we get

af- 2
K=Rcotj Rj Rgﬁ arcsink ,

that is

arcsik .

J1- K2
k

K : :
C=— =ot
R 1 1
In previous formulaej 4 is the latitude of the parallel which is the only standard parallel of a normal aspect conic
projection which is equidistant along meridians.

5. STANDARD PARALLELS OF A NORMAL AS PECT CONIC PROJECTION WHICH IS
EQUIDISTANT ALONG PA RALLELS

A normal aspect conic projection equidistant along parallels of a sphere with Radiugven with the equation (6).
The projection is not common in literature, for example 8 not featured in textbooks
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(1955). Its equation in the form (6) is easily obtained from the expression (9). The projection is defined as not having

length distortions along all parallels, i.e.
nG) 4, ".

The linear scalen along meridians in each normal aspect conic projection is equal to

which means that in the case of such a projection which is equidistant along parallels
m=n( ) %sin

Thelinear scalenalong meridians determined by the expression (28) equals 1 if

sinj =K.

The equation (29) has only one solution @x k < inthe interval0< | % let us mark it as

j o =arcsirk.

(26)

@7)

(28)

(29)

(30)

Therefore, a normal aspect conic projection which is equidistant along parallels has one standard parallel. The

projection parametdefor given latitudej  is determined by the formula

k=sin jy.

(31)

Conversely, for a given parametercorresponding latitude of the standard parallel is determined by the formula (30).

Example 4.

Let j o 0 be given. According to the formula (31), we calculate the conktart, 660444. We gej o using the

formula (30) from the given constakt
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6. STANDARD PARALLEL S OF A NORMAL ASPECT GNOMONIC PERSPECTIVE CONIC
PROJECTION

Figure 4. Normal aspect gnomonic perspective conic projection. Point T' onrfaeesof the cone
is the image of the point T on the sphere. Points S, T and T' are collinear.

A normal aspect gnomonic perspective projection of a sphere with rRdissgiven with the equation (7). The
projection is not common in literature, butidise s cri bed i n e. g. Lapaine (1982) an
explains the definition of the normal aspect gnomonic perspective projeRtdm nd angl e U Taistee gi ver
image of point. Point§, T andT' are collinear. If we warntio know which parallels on a sphere are going to be mapped
equidistantly, then we get the following equation by applying the condition (9)

d,

cosf - » & (32)

It is clear that there are two different solutions bk R, there is a unique solution fat = R, and there are no
solutions ford > R.

Let us assume that < R and
cosf, - A G, cos{, - a C
By adding and subtracting vt

cos{; - p cos(p J )- B,cos{; - @ cos(p | ) C

By applying trigonometric formulae, those expressions become

o

ocod1 4. agos 1l 7z Lo ogpdla td agin oz g
¢ 2 = 2 ¢ 2 he 2
If j1 ., 4,thenitis obvious that
a :'JlTH and C:cos%. (33)

From t hat , Cdambewsed fdl caiculatiip andj , in the following way:

j1 = aarccoL, j , = aafecoL. (34)
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In order for parallels with corresponding latitudegsand j , to be standard parallels in the projection, the linear scale

malong meridians should be equal to 1 for those values of latitude. Considering that the lineaatmademeridian is
given by the formulg21) for each normal aspect conic projection, then

- c
cosZ{ - A

m 4, (35)

However, taking into consideration (32), it is possiblejfgrand j , only if

1,
i.e. if

C=1, (36)
thatisj, = 4,ie.d=R.

Therefore, a normal aspect gnomonic perspective conic projection can have two parallels which map equidistantly, i.e.
without length distortions, but thosed parallels can not also be the standard parallels. Only in case of the normal
aspect gnomonic perspective projection onto a cone which intersects with a sphere along a garafiyl that

parallel is also the standard parallel.

Example 5.

Letj; &0 ,j, =60 be given. According to formulae (33), we calculate constants50 andC = 0,984807¢. For
gi v e n C e aalouthtg ; andj , according to formulae (34).

7. CONCLUSION

The following normal aspect conic projections are analysed in detail: conformal-aegaglequidistant along
meridians, equidistant along parallels and gnomonic perspective projectiongrdaiitem of determining standard
parallels based on known projection constants was reduced to solvingliaeasrequation (for conformal and conic
projections which are equidistant along meridians) or quadratic equation (foraeqagbrojections), i.dinding null-

points of corresponding equations.

Normal aspect conic projections with only one standard parallel were explored in detail. It was shown that a normal
aspect conic projection which is equidistant along parallels and a normal aspect comnignzerspective projection

can only have one standard parallel, in contrast to conformal projection;aggagbrojection and projection which is

equidistant along meridians, which can have two standard parallels. For projections in which the gepglapgic
mapped into a point, the third standard parallel can be considered conditionally (the parallel degenerated into a point).
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Abstract

Procedure of reducing lengths from topography surface up to map projection (plan coosdiatam), through geoid

and ellipsoid undulations and approximations, by using digital technology, give us an advantages for more deeply and
faster computeanalyses in this field. The only thing which is necessary for performing this kind of analyseiiy ow

of quality data.

Till now, all analyses within the coordinate systems have been carried out separately, between the different
approximations, i.e. reduction from topography surface to geoid, than undulation from geoid to earth ellipsoid, and in
the end projecting from earth ellipsoid to map projection. Within previous scientific analyses, only length differences
between the earth ellipsoid and any map projection can be recognized, without taking into account both another
approximations from topograptsurface to earth ellipsoid jointly.

In this paper, results of some analyses of real length differences between topography surface and map projection are
shown. Analyses have been realized in the state territory of Macedonia, by using three map wdgdtorerritory,

WGS84, ASTER DEM and EGMO08, based on grid with 1km spatial resolution in total with 25635 points. From
generated data, as outputs were compiled nine raster maps with the length differences between topography and map
projection, statistal results from basic statistical analyses, and some conclusions.

Conclusions from research represent a gateway for further analyses in this field, which are planned to be done next
years!

Keywords:map projection, earth ellipsoid, geoid, length.

1. INT RODUCTION

Horizontal lengths between points in topography surface, before mapping and calculating coordinates of edges, should
pass at least three approximations between three surfaces. During the approximation process, lengths changes their
values basedn many factors, such as altitude, geoid height, earth ellipsoid, and map projection parameters. Changing
the length value for many times before its mapping, should be known in details in order to have whole control on
mathematical elements of geospatiatadand qualitative spatial coordinate system. In a figure 1, scheme of length
approximations from mean altitude between two points in the topography surface up to the map projection is shown.

First approximation is reduction of horizontal length frompagraphy in to geoid surface (sea level), based on the mean
altitude value of line edges. During this reduction, lengths in geoid surface are shorter than lengths in topography
surface, except the lengths in areas with negative altitude (under the daDeeeto big altitude differences of
topography surface, dispersion of length differences is too large!

Second approximation is reduction of length from the geoid surface in to the earth ellipsoid surface, known as geoid
undulation, based on the geoidight between the earth ellipsoid and local geoid surface. Relation between geoid and
earth ellipsoid surface is relative and reguivalent. Depending on the Earth area, geoid surface can be above or below
the referent ellipsoid. In a case when geoicigva the ellipsoid, reduction has negative value, while the opposite result
is in case when geoid is below the ellipsoid surface.
when geoid and ellipsoid surfaces are in a same levaeicdd height is zero!
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Third and final approximation is length projecting from earth ellipsoid in to the flat area of map projection. During this
process, based on map projection parameters, up to three options of deformations are possible (negjatvangosi
without deformations). In a case of tangential map projection, lengths can keep their value without deformation or to be
projected as longer length then the original one in ellipsoid, while in secant map projectimeelbptions are
possible.

Ellipsoid

Sea-Level (Geoid) H
Ellipsoid Sea-Level (Geoid)

R
S=°(R.~+n)

Where S = Geodetic Distance
D = Horizontal Distance
H = Mean Elevation
N = Mean Geoid Height
R = Mean Radius of Earth

h = N + H by Definition

S N
"S—D(R-Non’

Center Center
of of
Earth Earth

Axe des
poles

Figure 1. Scheme of approximation methodology of lengths from topography up to map projection

Within the research methodologies which have been used in past period for defining state coordinate system through
defining map projection, onlgeparate length differences between two surfaces were analyzed. During the literature
review, any joint analyses of length differences between topography and map projection (state coordinate system) was
not found! Even any national dataset with the lerifferences was not found during our research analyses.

Length differences can be calculated as absolute values, and they are not errors! Differences are known based on
parameters of surfaces (topography, geoid, ellipsoid and map projection), and tlaeyaottheir calculation depends

on the accuracy of used surfaces.

Developing dataset for length differences with high accuracy between topography and state coordinate system for
country areas is very important data for much type of field measuremeigoaks. This data can be of big importance

for geodetic and engineering works, especially in a case of high accuracy geodetic measurements, combination of GPS
and total station measurements, transformation of local networks (micro triangulations,oetcf)ee oriented in to

state coordinate system, etc. One of main objectives of this research is to develop and to provide dataset of length
differences in 1km for many cases and between many surfaces for country area of Macedonia.

2. SOURCE DATA & TEST MODE L DEFINING

Due to current conditions within Macedonian geo market and copyright rules on geospatial data defined on a law for
real estate cadaster, there are no possibilities for utilization official data of our National Mapping Organization (NMO)
free d charge for scientific research projects, except the Macedonian Global Map dataset which is free and open for
noncommerci al uses via Global Mapbs web site. Because
research analyses have beendieted by using global, open and free access datasets: ASTER GDEM and EGMO08.

Global map is an international collaborative initiative through voluntary participation of national mapping organizations

of the world, aiming to develop globally homogeneoesaggr aphi ¢ data set at the grou
necessary to understand the current situation and changes of environment of the world by following the ISO/TC 211
standards for geographic information. Macedonia has already developed andepulibsdata within the Global

Mapping project on year 2006 and updated on year 2011. In figure 2 is shown the layout of Macedonian GM dataset
(Idrizi B., 2006).

Based on border line obtained from Macedonian Global Map dataset, with the aim of creatngdel to be used for

our research, point vector grid with 1km distance between points has been developed for Macedonian territory, in total
with 25635 points which covers entire area of Macedonia (figure 3). Given the fact that differences between two o
more surfaces (between topography and geoid, between geoid and ellipsoid, etc.) are expressed in 1km, during the test
model creation 1km distance between test model points have been used. By using QGIS software, from ASTER DEM
and EGMO08, have been exttad orthogonal/geographic coordinates, altitudes and geoid heights for all 25635 points of
test model.
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Figure 2. Map of Macedonia, based on Figure 3. Test model with 1km spatial resolution;
Global Map V1 vector data (Idrizi B, 2006) 25635 poing

The ASTER Global Digital Elevation Model (ASTER GDEM) is a joint product developed and made available to the
public by the Ministry of Economy, Trade, and Industry of Japan and the United States National Aeronautics and Space
Administration (NASA). It is generated from data collected from the Advanced Spaceborne Thermal Emission and
Reflection Radiometer (ASTER), as space borne earth observing optical instrument. It is the only DEM that covers the
entire land surface of the Earth at high resolutiorGeoTIFF format with geographic lat/long coordinates and a-1 arc
second (30 m) spatial resolutiofihe first version was lunched on year 2009, while the second version has been
released on year 2011 as an upgrade of previous versioBased on ASTERIgbal digital elevation model (GDEM)
(http://asterweb.jpl.nasa.qgqgyin figure 4 the relief of Macedonia is shown, in which can be recognized that Macedonia

is a predominantly mountainous country, with 14 ntaimpeaks higher than 2000 meters, where the highest one is
Golem Korab with 2753 altitude (Idrizi B., 2013).

The Earth Gravitational Model EGM2008 (code 3859) has been publicly released by the U.S. National Geospatial
Intelligence Agency (NGA). This gwitational model is complete to spherical harmonic degree and order 2159, and
contains additional coefficients extending to degree 2190 and order 2159. Computiggith@ndulation values are
realized with respect to WGS 84 ellipsoféull access to thenodel's coefficients and other descriptive files with
additional details about EGM2008 are provided from the next linkttp://earth
info.nga.mil/GandG/wgs84/gravitymod/index.htnased on spatial position of 25635 points of test model in 1km
spatial resolution, and EGM 08 data, geoid heights for all points have been calculated for the entire area of Macedonia.
Calculation of geoid heights have been realized with precision of ithdkscafter meter (0.1mm), and 1mm RMS of
interpolation of geoid heights in points of test model. From the calculations, maximum value of geoid heights within
EGMO08 within Macedonian territory is 46.396m, while the minimum is 41.1318m. Based on calgdatédeights,

map of geoid heights of Macedonia was compiled (figure 5) as GIS raster dataset with 1km spatial resolution (ldrizi B.,
2013).

REPUSLIC OF MACEDONIA
GIS RASTER DATASET OF ASTER DEM

GIS RASTER DATASET OF EGMO08 for
MACEDONIA

L eeece

R ——— e — - T
Figure 4. Rélief of Macedonié, | Figure 5. GIS raster datasetﬁﬁilkm spétial resolution
based on ASTER Global DEM (Idrizi B, 2013) of EGMO08 for Macedonian territory (Idrizi B, 2013)
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Assessment and comparison of length reductions between many surfaces have been realized through calculation of
mean linear deformations of 1km lengths, dispersion of defornsaffoomto), as well areas with positive, negative or
without deformations. Through calculated values, the quality of final length difference between topography and map
projection can be evaluated. Theoretically, calculated mean linear deformation ghynaldch to zero, minimum and
maximum value of differences within the dispersion should approximately have same values, and areas with positive
and negative differences should approach same values!

3. CALCULATION LENGTH DIFFERENCES

Calculation process of ¢hength differences within research have been conducted in three phases:
- Calculation of 1km length differences between topography and geoid, as well geoid and earth ellipsoid;

- Calculation of 1km length differences between ellipsoid and some charactenisgi projections for the
Macedonian territory; and

- Calculation progressive differences of 1km topography horizontal length from topography up to geoid,
ellipsoid and map projections.

3.1. Calculation of 1km length differences between topography and geoids avell geoid and earth
ellipsoid

From the ASTER global DEM, EGMO08 and geometric parameters of WGS84 earth ellipsoid, as well by using
mathematical models for calculation length reduction from topography to sea level (geoid) and geoid undulation, partial
length differences of 1km lengths between three reference surfaces (ASTER, EGM08 and WGS 84) for all 25635 test
model points have been calculated. Calculations have been realized in Microsoft Excel by using domestic mathematical
models for this type of comypation from ellipsoidal geodesy, physical geodesy and topography, while the cartographic
representation of calculated results have been realized in QGIS 2.2 software.

At the beginning, length difference of 1km horizontal length in topography surfacedrethe ASTER and EGM08

was computed. Due to very large difference between extreme values of altitudes for Macedonian territory (over than
2700m), and having in consideration that whole state territory is above the sea level, reduction values hage negativ
prefix with largest length difference abodtlcm/km. Minimal calculated reduction value-@6s38cm/km, maximal is
41.43cm/km, while mean reduction-£3.03cm/km (table 1). From calculated reductions for 25635 test model points,
vector grid and rastetataset with 1km spatial resolution have been developed (figure 6).

Based on geoid heights (figure 5, Idrizi B. 2013), geoid undulation calculations between EGM 08 and WGS84 surfaces
have been conducted as second research step. Range between extresnef ygaid heights in Macedonian territory

is about 5m, which means that undulation value is too short with just about 7mm/km. Because the EGMO08 surface on
Macedonian territory is above the WGS84 earth ellipsoid, all length differences between EGMO&&@d Wave

minus values, and entire national area reducing its surface after transition from geoid in to earth ellipsoid surface.
Extreme values of length differences in 1km length are in range-fid@8 to-0.73cm/km, while the mean difference is
-0.7cm/kn (table 1). From computed values of 1km length differences between EGM08 and WGS84 surfaces, vector
grid and raster dataset with 1km spatial resolution have been developed, as well visualized in complied map in figure 7.
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Figure 6. Length diffemces of 1km length between Figure 7. Length differences of 1km length betweer
ASTER and EGM08 EGMO08 and WGS84
Table 1. Partial length differences of 1km lengths between six reference surfaces
ASTER DEM i EGMOS i WGS84i WGS841 Gauss | WGS84i Gauss
SURFACES EGMOS WGS84 UTM34N Kruger ([Kruger (
0.9999) 0.99993)
Q -13.03cm/km -0.7cm/km -32.28cm/km -2.27cm/km -3.44cm/km
Dispersion of -0.38 to -0.65 to -4.87 to ) )
deformations -41.43cm/km -0.73cm/km -40cm/km 10 @ Z5-15eiLam 70 72BN
d positive - - - 31.11% 18.99%
d negative 100% 100% 100% 68.39% 81%
LS : : : 0.5% 0.01%
deformation

3.2. Calculation of 1km length differences between ellipsoid and some characteristic map projections
for the Macedonian territory

Third and final approximation is projecting points from the earth ellipsoidal in to map projections flat surface. Research
for third approximation has been realized based on some variants of-K¥agss projection, related to previous
researches foruglity analyses of official Macedonian map projection (Idrizi B., et all, 2005) and selecting the best map
projection for Macedonian territory (Ribarovski R., et all, 1998), as well projection with international importance.
Based on three mentioned crited s, t hird approxi mation was realized by
parameters are given in table 2:

- UTM 34N

- Macedonian state map projection and

- Macedonian state map projection with displaced central meridian and changed scale factor.
From the geometric parameters of WGS84 earth ellipsoid, utilized map projections parameters, as well by using
domestic mathematical models for projecting lengths from earth ellipsoid to map projection from mathematical
cartography, partial length differees of 1km lengths between WGS 84 and three map projections for all 25635 test
model points have been calculated.

UTM 34N

In first case the UTM map projection for Macedonian territory, as map projection with international importance and
unified model fo projection zones has been used. Macedonia is located'ipr8i¢cting zone of Northern Hemisphere

(UTM 34N). During projecting of 1km lengths from the earth ellipsoid in to map projections flat surface, due to central
meridian of 34 zone crosses Madenian area, and distance between the central meridian and eastern coordinate as
extreme point is about 170km, whole national area of Macedonia reduces its lengths and areas with minus values, which
means that whole area is getting smaller after proje&timg WGS84 in to UTM 34N.

Extreme linear deformation values are in a range f40rto-4.87cm/km, where the mean linear deformation is
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-32.28cm/km (table 1). From calculated values for 25635 test model points, grid and raster datasets with 1km spatial
resolution have been developed, as well map with linear deformations has been compiled (figure 8).

MACEDONIAN STATE MAP PROJECTION

Macedonian state map projection is defined with parameters given in table 2, based on Law for Real Estate Cadastre of
Macedonia and Regulation for basic geodetic works in Macedonia. This map projection was evaluated by 25635 test
model pints, by referring to WGS84 earth ellipsoid. From computed values, extreme linear deformatibbsnafien

along the central meridian and.26cm/km in eastern point of test model, while mean linear deformati@rRiscm/km

(table 1). Since the deformation values have both, positive and negative prefixes, compared with above approximations,
in this case area with positive length differencesdcognized, i.e. 31.1% of area has positive linear deformations,
despite 68.4% with negative and 0.5% without deformations. From calculated deformation values for all test model
points, grid and raster datasets with 1km spatial resolution were devedspeel] map was compiled (figure 9).

MACEDONIAN STATE MAP PROJECTION WITH DISPLACED CENTRAL MERIDIAN AND CHANGED
SCALE FACTOR

Within conducted research on year 1998 by group of authors (Ribarovski R., 1998), currerAKi@gasgrojection

has been amgzed by adapting to national shape and dimensions with displaced central meridian and changed scale
factor. In referred research, one of analyzed options was Bauss ger proj ection with cent:
scale factor along the central meridi@®09993. This projection aimed to reach same level of absolute linear
deformations in extreme points (eastern and western p
uniform dispersion of linear deformations among entire national dsggatameters are shown in table 2.

This map projection was utilized for our research as options to be analyzed for computing the length differences
between earth ellipsoid WGS84 and map projection flat area. For 25635 test model points, extremddmeatiates,

mean linear deformation and areas with positive and negative deformation were calculated. In table 1, is shown that
linear deformation are in range from to 7.25cm/km with mean value e3.44cm/km, while 81% of territory has

minus value desf@ 19% with positive deformation. Based on calculated values, it is so clear that linear deformations
dondt have uniform dispersion in whole national area.
were compiled (figure 10).

Table 2. Parameters of utilized map projections for research

UTM i zone 34N GaussKkr uger (21AGausskruger (21A47
Central mer i|Centralmei di an: 2({Central mer i di af
Origin of latitude: Equator | Origin of latitude: Equator Origin of latitude: Equator

Scale factor: 0.9996 Scale factor: 0.9999 Scale factor: 0.99993

False easting: 500000m | False easting: 500000m False easting: 500000m

False northing: Om False northing: Om False northing: Om

G468 MABTEN OATARET OF LEwa TH DV ENEMCES 0 A3 SR DATASE T OF LAMGTH PR RANCES (B4 RASTIR DATANET CF LANG T PP RRIACYE
Intunes WGhdd aad UTHUAS M e Sone Srnger JUE wit S99 & WOSR4 ™ et Gaae S rager J176ET s 3 M) & WA
oy MATEDONA W ey 1 ot MASETIONMA wesmey o WAOEOONAN Sevmony

4 Yo i
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Figure 8. Length differences 1km Figure 9. Length differences of Figure 10. Length differences of 1kr
length between WGS84 and UTM34  1km length between WGS84 an  length between WGS84 and Gauss
Gausskr uger (21A Kruger (21A456
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3.3.Calculation progressive diferences of 1km topography horizontal length from topography up to
geoid, ellipsoid and map projections

Third and final phase of length difference analyses was conducted by computing progressive length differences from
topography surface up to other sugda, i.e. to sea level (geoid), earth ellipsoid and map projection. Calculated values in
this phase represent difference of 1km horizontal length in topography surface up to three mentioned surfaces. From
25635 test model points, in table 3 are given ramigkength differences, mean values and areas in percentage with
negative, positive and without length differences.

Second column of third table has same values with those in table 1. It represents the 1km horizontal length differences
between topographgnd sea level (geoid), i.e. between ASTER DEM and EGMO08.

In third column of table 3, are shown results from calculated differences between topography and earth ellipsoid, i.e.
between ASTER and WGS84, based on 1km horizontal length in topography su¥faoe.obtained results,
approximation of all Macedonian area is with negative value, with range of differencesli@fto-42.11cm/km and

mean valuel3.74cm/km. Vector and raster grid datasets with 1km spatial resolution have been developed from 25635
test model points. Results are shown in compiled map, shown in figure 11.

Final calculation represented in last three columns (columns 4, 5 and 6) of table 3, belongs to length differences
between 1km horizontal lengths in topography and projected kerigtimap projections flat surface, length that
previously passed successive approximations through geoid and earth ellipsoid.

Within first case of utilization of UTM 34N, length differences have negative values among entire national area with
range from10.55 up to-81.55cm/km and mean value-@6.01cm/km. From 25635 test model points, vector and raster
gird datasets were developed, as well map was compiled (figure 12).

In a case of Macedonian national Gasager map projection, situation is relaly better in the aspect of extreme

and mean values, as well dispersion of differences. Horizontal lengths of 1km from topography surface are reducing
their lengths with mean value ef6.01cm/km, in range frorb1.56 to 19.48cm/km. From all researchedesashis is

first time in which considerable area of Macedonians territory has positive values of length differences between
topography and map projection. In fifth column of table 3, can be recognized that 88.6% of territory is in minus area,
while 11.3%is in positive and 0.1% in area without length differences. From calculated values for 25635 test model
points, grid and raster datasets with 1km spatial resolution have been developed, as well map of length differences was
compiled (figure 13).

In a lag analyzed case of length differences of 1km horizontal topography length between topography and Gauss
Kruger projection with central meridian 21A456E and sc
central meridian), a small insignifioharea of 0.1% belongs to area with positive differences, despite all area which is

in negative zone except 0.01% without differences. Extreme length difference values are in range-Bétd@emd
2.01cm/km, with the mean value €f7.17cm/km. From callated values for 25635 test model points, grid and raster
datasets have been developed, as well map of length differences has been compiled (figure 14) also.
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Figure 11. Length differences of 1km length betwee  Figure 12. Length diérences of 1km length between
ASTER and WGS84 ASTER and UTM 34N
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Table 3. Progessive length differences of 1km lengths between ASTER and five reference surfaces

ASTER DEM | ASTER DEM | ASTER DEM
SURAACIES i EGMO8 i WGS84 | i UTM 34N
Q -13.03cm/km | -13.74cm/km | -46.01cm/km
Dispersion of -0.38 to -1.07 to -10.55 to
deformations -41.43cm/km | 742.11cm/km | -81.55cm/km
d positive - - -
d negative 100% 100% 100%
d without
deformation ) ) )

4. CONCLUSIONS

From obtained results within very complex and deeply analyzes of partial and progressive length reductions between
some surfaces, it is so clear that during establishing of the statdirate systems were not taken in to account all
length reductions beginning from the topography up to map projection. This conclusion can be verified by computed
linear deformation values, which in most of cases have largely avoided from expected Ealwesie length

di fferences in

have

v al

ues

near by

al |

cases
zer o,

same values

doesnodt reached '
l ength diff

and dispersion of

resulted with to large differences between areas with negative and positive linear deformations. Just as an example, in
next figure 15 are shown mean values of 1km length deformations between researched surfaces, where it is so clearly
seen that in all casehe value of mean linear deformations have negative value.
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Figure 15. IMean linear defformations of 1km length
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Having information for length differences is of a big importance for developing database of length differences between
approximated surfaces. This database in national level has to Hepdel/eand it has to be open and free for usage by
geo community.

Contemporary technic and technology enables us realizing the calculation methodology of length differences with such
a big number of test model points. In the past, nobody could imagiftermpig analyses with over than 25000 points,

by defining their altitude and geoid heights, as well calculation their length reductions between four surfaces. Modern
software gives us opportunity to accelerate such complex analyses, by using complenatigahenodels and large

data. In our research case, any special software was not used for calculations, but in Microsoft Excel has been defined
mathematical models and performed calculations.

Beside the practical application of computed data withinamadyses, which will be open and free for use, have to be
mentioned fact that this research will open doors for our further researches in this area, mainly analyses for defining of

state coordinate systems by including of successive length reductionsofsography up to map projections surface
through geoid and earth ellipsoid, as one of precondit
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Abstract

The report aims to show how cartography can deal with Big Data (BD), where its poawed iwhat cartographers

need to develop in the contexts of so many sources and so many new technologies that produce enormous amount of
data.

The authors propose a definition of BD concept and describe what kind of big data can be processed by cartography.
Different types of data in BD environment are identified and the place of professionals in BD processing and
visualization is shown. Both topics are presented by figures and explanations. Additionally to the main BD
characteristics: volume, velocity, vatye variability and complexity, cartographical ones are mentioned: accuracy,
dimensionality, quality and interactivity. Several cartographic principles in BD context are discussed in the report: map
scale, map dimensionality, map generalization.

As conclumn, the authors state that more than ever cartographers need to assess and consolidate their position in
different steps of BD processing: gathering, classification, representation and visualization of information and data.

Keywords: big data, cartograpf, geoinformatics, contextased and adaptive mapping, cognitive style, volunteer
geographic information (VGI), virtual geographic environment (VGE), metacartography

INTRODUCTION

The increasing amount of data encourages the creation of new methodologietafqrocessing as well as the
development of digital technologies. Both are giving progressively new potentials and possibilities to the evolution of
cartographic visualization and its applications. In 2010, the volume of digital content on the ptzeeted 1 ZB (1

ZB = 1 billion terabytes) and is expected to grow considerably through the next @aats §nd Reinse, 20L1This

trend leads to new challenges also in cartography while dealing with gathering, storage, analysis and visualization of
spatal information and data. Cartography is one of the few visualization disciplines to have always used and correctly
analyzed a huge amount of data, and represented it on different levels of preciseness according to the needs of potential
users.

This fact dives many scientists to investigate new combinations of methodologies and newest technologies to manage
and visualize BD (DataStax, 2011, Russom, 2011) and makes BD something more than a buzz phrase.

The book from MayeSc h° nber ger andtCeli éBi g2Dh3pr0 aemtdi subtitl ec
Transform How We Live, Work and Thinko explains BD as
to produce useful insights or goods and services of significant value. The bridgerbBiwead the society cannot be

done only by the existing technologies and computers. The presence of professionals should be more active in the
process of transforming BD into actionable information to users.
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Importance and also economical potentialshefBD topics are stated also in several acts coming from highest levels of
political governance. Open Access to data and accompanying agenda is coming from the Obama Administration and
Office of Management and Budget and the Office of Science and TecknBldigy in USA. They declare that

Ai nformation is a valuable national asset whose value
White House, 2013). Making data understandable for its users is a key aspect of cartographyT$@ercehy BD is

actually a big chance to cartographers to represent even more information in a friendly manner according to the
different user groups: from young children to professionals and older people. EU and several big companies also
highlight BDimpact on society. Among the most important geodata and geoinformation EU projects in implementation
is INSPIRE and soon it will need to enhance visualization phase to improve all kinds of services for inhabitants. Yet the
tasks of visualization are to@mplex. Multidisciplinary research vision and Gl specialists from different fields will be
needed to elaborate and increase the value of cartographic methods in general and of visualization in particular for
society. The realization of ambitious BD profecequires also different manner of thinking than technical and Gl ones.

A successful solution would be to establish teams with subject matter experts coming from different areas that have not
been working together till now. Professionals form differerdciglines like geographers (physical, human and
economical ones), cartographers and geoinformatics try to design complex solutions to respond to the different
challenges. BD provides them with the opportunity to combine their knowledge and develop cantgrigme
approaches for facilitate everyday decision making, problem solving and life improvement.

BD creates challenges that introduce change to humanity and social sciences research landscape. In BD environment the
traditional research is transformed to gorationallybased research methods. The variety of data soiirdesm

digitized books and media to transactional data like web searches and sensor data demands new solutions for data
management and the traditional GIS are sufficient no more (Gourleg).20he of the key issues is how to provide

users with easily understandable information and knowledge based on BD.

Many companies have already several petabytes of data stored and this data is growing in dozens of percentages. In
2010 IDC (idc.com) storagreports, McKinsey Global Institute analysis declare that new data stored by regions and
continents in Petabytes are more thad08 for North America, more than@O0 for Europe, more than 400 for Japan,

more than 300 for Rest of Australia and Oceaniaienthan 250 in China (Manyika et al, 2011). The problem, not only

for cartography science, is that this data is semictured or unstructured. We need ngatheration GIS to solve the

new problems. One of the main features would be recognizing andspirmgeot only structured data SDIs) but also
unstructured data (large part are associated with volunteer geographic information efforts supported by crowdsourcing).
Cartography is already dealing with both types of data and because of this many issuasliitimensionality,
generalization, scal e, and formatsdé transformations su
Data exists and something more than traditional approach is expected. A new approach to problems shall be created.
Data shall be further explained, new messages for current and past problems shall be taken into account and user
involvement shall be brought to another level. New methodologies have to be adapted to users through their
involvement in the methodologies déwement process. Examples for this are already in place. We face urgent need for
virtual GIS, ubiquitous mapping including context and adaptive mapping, remarkable inclusion of VGI. All these issues
are now object to modern cartography approach.

DEFINITION OF BD

It is difficult to find BD definition which is appropriate for every science, every person and the society. Zucker defines
BD as fAa popul ar term used to describe the exponent
unstructkerr20ldo ( Zuc

Astronomers, who first faced the BD phenomena in the 2
many areas of science. 0There is no rigorous definitio
had gown so large that the quantity being examined no longer fit into the memory that computers use for processing, so
engineers needed to revamp t he -3coho®lnsb etrhgeeyr uasredd G uwki earn,a

European Union Project triested i ne BD as an emerging field fAwhere in
resolve the inherent problems that appear when working with huge amounts of data, providing new ways to reuse and
extract value from i nf or maetmaio dintensioWeHaraoterize BOX: lnugeRari&y of dat@ 1 3 )
format, often timesensitive and large. BD offers tremendous untapped potential value for many sectors but no specific
intelligentlarge-datahandling/brokering industrial sector exists (Welcome t&BP013).0One of the most general
definitions was given by Uganes (2013) iandbypesidgrendsint hat /
technol ogy todayé | f a traditional databagédiionsa odoldlad
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Anot her definition comes from business analytics comp
generation of technologies and architectures, designed to economically extract value from very large volumes of a wide
varietyofdat a, by enabling high vel ocVilaryetat,20dt ur e, di scovery

Goodchild (2013) says: A large proportion of all big data is likely to be geographically referenced, and much may be
real time. While examples can be found of higlality big data, problems arise in meeting the normal scientific
standards of replicability and rigorous sampling. These standards can be relaxed in certain stages of science, during
hypothesis generation and exploration.

User sd under st ravweaed hygs IBM fesedddd. Aecording to more than thousands participants BD is
associated with: a greater scope of information (18%), new kinds of data and analysis (168f)¢eregdbrmation
(15%), data influx from new technologies (13%), +icaditional sources of information (13%), large volume of data
(10%), the latest buzzword (8%) and social media data (7%) (IBM, 2013).

From cartographic point of view we consider BD as a mix of structured and unstructured (not classified) data
that existing GIS technologies are not able to process because of variety in terms of formats, increasingly big
amount of volume and complexity of knowledge.

BIG DATA ENVIRONMENT POTENTIALS FOR CARTO GRAPHY

According to | DC report nAExt r awltdatanig thevoaghnizaions is onstructurech o s 0 ,
(Gantz and Reinse 2011Yo clarify, unstructured data is understood as data, being not organized in predefined manner

or data model (e.g. Internet search) while setnictured data (e.g. email message) issiered to be a package of
elements with fixed structure (email properfiesender, time, etc.) and elements without fixed structure (email body).
Another research states that unstructured data accounts for 80% of the data available to enterprisese(Hirwi

2013). Although these numbers seem exaggerated, it is obvious that data in unstructuredstrucensid format
represents the majority of data available in organizations. Despite of that fact, structured data coming from traditional
data soures remains the main tool for taking decisions although it represents just a small part of the available
information. Figure 1 describes in details both structured and unstructured data with their many sources but in one
common field of BD.

Big Data
Social networks
(blogs, forums, "tweets”
likes™)
* =
Interoet search Activity generated data
iy (log files, tracking
E-mail Y—__ ) " » information)
Personal documents o
. — Unstructured Structured ——* DWHdata
Public documents & —— data (tfransactional, data
(webpages, pdf, wikipedia) data collected from operational

Digital medi and Bl systems)
igital media a
(books, joumals, image) "
Sensor data
(surveillance, GPS, traffic

weather, phones, )

Streaming data * ‘
(audio, video) ¥

Untapped data
(archives, legacy
documents)

Figure 1. Tyes of data in BD environment

If we consider that the structured data has a high level of accuracy and correctness, we cannot state the same for the
unstructured data. Unstructured data is uncertain, often provided by users or volunteers in very divatseafal

manners. Thus, data should be checked and validated. Verifying and makings sense of data is a big challenge in front of
professional s. More human presence i s needed: ithe rea
itsd f and how wsSch8aebietrtgefManpedr Cuki er, 2013). At first

Semistructured data is often considered as unstructured data. We can assume that this is also applied in this research.
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in order to find methods, paradigms and ways for BD effective processing. After that, processed data shall be visualized
and delivered in @dable form for different kind of users with different sort of purposes. This is the place where
cartographers shall be involved. (see Figure 2).

X

Big

. - e Ee—— ) o C—lESE————

Big - Innovative ” Data

Data ©'S:'T. DB, RC technologies cartography yisualization
specialists for BD specialists  for Users

Processing

Figure 2. The professionals places in DB processing and visualization

The insufficiency of current softwae s ol uti ons and systems is supported
problems cannot be solved with the computing resources that are available to most organizations. They require clusters
of computers running special applications, and mighttakey s or even weeks to compl et ec
ispeci al applicationso are the expertsoé knowledge and
need of Gl specialists is recognized worldwide. In the past, software solgfgased people in order to avoid errors.

With BD, we are turning back to the expert who is invoked to propose next generation technology solutions, combining

multidisciplinary approaches.
Data Formats in BD

The development of new technologies providegogmaphers with satellites and aerophoto images, geodetic and
photogrammetric measurements, statistics, other professionally gathered information, volunteer information. According
to the Letouzeds research, BD i s dygitalymensraed (manipuldted by f ol |
computers); passively produced (product of our daily lives); automatically collected (systems that extract and store the
data); geographically or temporally traceable (mobile phone data) and continuously analyzedififarmetion and

reattime analysis) (Letouze, 2012).

AfAs recently as the year 2000, only a quarter-quarferst he s
were on paper, fil m, vinyl LP r eMayarlicsh © mbaegrnegeetri ca ncda sGlek
This problem is also present in cartogaphy. We have still a lot of information in paper maps. This means that the
transformation of legacy data in digital data is still ongoing.

GIS are among the most powerful toolscartography. But do GIS provide professionals and users with the variety of
BD formats? In some cases we lose information while transforming data between different GIS formats, in other ones,
we have not enough opportunities to collect all existing data because of ethic, religion or low norms or technical
constraints). It is visible that the problem about BD standards is very big and the tasks for format harmonization and
transformation are not clear. Experts in Europe need to follow INSPIRE dirdctipeovide users with correct
information in EU territory. ISO and OGS represent possible solutions for formats standardization but BD standards
still not exist.

Next-generation GIS are required to store, process and visualize many structured, unstructuteand semi
structured data in different formats: vector, raster, video, audio, text, etc. Hoever, the more interesting question
is about user involvement into data collection and GIS development. The idea of virtual GIS is considered in this
regard. Virtual GIS development is encouraged by the idea of Virtual Geographic Environment which may have
enormous potential in BD usage and manipulation.

Characteristics of BD

Cartography needs to know the characteristics of objects and phenomena which will be orapgrolgraphically
visualized. As BD is still not scientifically defined it is difficult to find its characteristics. Information Technology (IT
Industry has its own understanding about BD and proposes several characteristics. The software compdimeSAS de
5 characteristics of BD: Volume; Velocity; Variety; Variability and Complexity (Zucker, 2014).

- Volume of BD means the quantity of data;
- Velocity of BD means the speed of data generation.
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Russom (2011) found that the velocity of BD is also the frecper data generation or frequency of data delivery.

He is giving several examples, including thermometers, microphones, video cameras, sensor and Web data gathering
in real time where data volumes get big in a hurry:

- Variety of BD means different categonf data in different formats and purpose of analyzing and using.

Here we can include all data coming from sensors, digitalization, mobile applications, Web, data bases, photos,
videos, audios, sms, automations and others. This characteristic leadscmmiblex tasks of data processing:
storage, standardizing, classification and analysis.

- Variability of BD means the time of generating the data.

- Complexity of BD means multiple sources generating data.

From cartographic point of view, we can add also Aacyy Dimensionality, Quality and Interactivity of BD:

- Accuracy means the degree of correct information and data which can be projected or referred to a coordinate
system;

- Dimensionality means a measure of spatial, time and characteristics extent ofdhmatibn represented to the
map. We will achieve 2D, 3D, 4D to mullimensional map;

- Quality means a high level of value of the gathered information and data;

- Interactivity means the level of allowance of user activity.

BD and Map Scale

Infformatonanddaa coming from different sources constantly gr
that cannot be done at a smaller one, to extract new insights or create new forms of value, in ways that change markets,
organizations, the relationshipbetve n ci ti zens and gov&chmebes geandnnooCeéi
cartography, when we need to visualize more and more information (objects and phenomena), the scale of map becomes
larger and larger. Then, we transform the maps from smalié,sto medium and later to large one. In case of BD we

can achieve also scale 1:1 (see Figure 3).

Big Data Increasing

ﬂ-—

Details and Information Increasing
ﬁ-
From Small to Large to 1:1 Scale
ﬁ
Reducing the Visualized Territory

ﬂ

Abstraction Reducing

l

Figure 3. The results of BD increasing for cartographic representation

In theory, every real object we have sufficiently data about can be modeledciyb@Dworld. It could be seen every

little detail. Of course, in cartography generalization always exists as it depends on the purpose of the representation. In
practice, it is a little bit more complicated. On the one hand, modelling every object is tedaires a lot of efforts.

On the other hand, technology resources (hardware and software) are too expensive and not advanced enough to handle
so much information. However, it is completely possible to model in details small objects. For example, olatiaiw

by laser scanning and visualize without generalization can be treated as a map in 1:1 scale (Bandrova and Bonchev,
2013).

BD and Map Dimensionality
Dimensionality was defined above as a measure of spatial, time and characteristics extenfoofrtaian represented

on the map. BD provides cartography with more and more information and data. In one moment 2D map cannot
visualize so much information (we can show many examples) even in 1:1 scale. What is the reason for such
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complication? We need twisualize our 3D or 4D world on 2D map. The solution could be to use 3D or 4D
cartographic representation. We need to provide the necessary information to our users-thynendional maps in
virtual environment.

Gourley (2013) defines the map as a tindimensional rendering of any type of information, representing the
relationships of objects. He adds that Google Map now invest 20 Petabytes of information every week from 1 300
different data sources into its mapping software. Rendering was typicalgop | yi ng st ati sti cal m
data. Now the intention is to work with all BD, but statistics are still missing.

BD Generalization

Different experts explain the term of "big data" and the way of dealing with it differently according to theandiegs

of their professional domain. I n social media reports
ficl eani ngo. AfGenerally, the big data process begins wi
u s e a(bJgaeres, 2013). What kind of generalization we need to use and how we can do this is also an open topic. The
modern GIS provides the opportunity for automatic generalization in special cartographic cases: for example in contour
line or situation simplificikons. However, in case of BD generalization rules will be big challenge for all geographic
information (GI) specialists. A possible solution is not to try to adapt current principles to new situations but to create
new ones according to the needs of tew Wata environment.

CONCLUSIONS

BD creates big challenges for many sciences including cartography. More than before cartographers need to define and
strengthen their position in different steps of BD processing: gathering information and data, classificat
representation and visualization. The top topic is to find the easiest way to extract the most appropriate value from BD
according to its users, knowing that different kind of users need different information. This is the connection and
translation rée of cartography in BD society.

Cartography as a science cannot deal with all kinds of data of the BD environment and cannot provide all the solutions
of BD processing and management. Cartography can handle only a part of the data and extract valuaatinf
from it. The most interesting cases from cartographical point of view are described below:

- Data must be spatially distributed: The power of cartography is in its capacity of describing quality and quantity
characteristics of objects, their positing and relations. For examples, detailed data for particular disease
presence in one village is not enough to create a map of the disease presence in the region. To map the
phenomena, we would need the same data for different objects (in this cass\altatjcities in the particular
region) with different coordinates. Thus, we would be capable to provide meaningful and useful information that
can be further analyzed and taken into account while making decisions.

- Data must be classified. The majority BD is semi or nonclassified. To map the data, we need clear
classification first. To classify data, rules shall be established by cartographers and implemented with the help of

IT science.

- Data must have quality and / or quantity characteristics. Garlogp hy vi sual i zes object
characteristics and provides to readers their distribution. In addition to initial quality and/or quantity
characteristics, mapping wil| provide even mes e o0bj

and altitudes, etc.). Modern cartography capabilities like multidimensional representation and animation allow
us to represent much more data characteristics than before.

- Data of interest must be generalized. Many data in-semmon classified form&can represent an interest for
cartography. Information for pollution at particular point can have a lot of soiirstgictured data from
sensors, historical data collected in archive files or even a text message sent by a smart phone user. After having
the data we should apply generalization through selection and filtration. Selection would be finding the
necessary data for given purpose while filtration would assure that only data of interest are kept in mapping.

PERSPECTIVES

The strongest and most ¢ contemporary streams in cartography and GIS are the existence and use of Web 2.0
supporting Wekbased services for many people all around the world and fast developing ofsoomethg allowing
collection of voluntary information. The character oftography and the Gl community is changing according to
advancing technology and the development of new ideas, including geographical thinking. For example new techniques
such as Google, Web Maps, Gl portals, and others have influenced the developmettgodipday in recent years.
Cartography also deals with qualitatively new conditions related to the existence of spatial information infrastructures
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(SDI) and helps to realize and complete new social concepts such as Spatially Enabled Societies (SfitasFartDi
(DE).

Today, we are able to provide enormous volumes of geospatial information, on the basis of which we can take better
informed decisions for the use of natural resources, for environmental protection or for managing disasters and their
aftereffects. However, we are only able to use them if they fit our concepts, if we understand them properly, and if they
have been tailored to our needs. It is not enough to build the technical infrastructure without teaching the population
how to use the map being in analogue or digital form. We have to provide the concepts with which the population is
able to deal with geospatial information, and we have to provide maps from which the population is able to derive the
information they need: information thi& upto-date and tailemade for problem solving (Konecny and Ormeling,
2005).

To look from the BD perspective we see that cartography will continue its development in some kind of equilibrium
between sciences, technology but as well as art. This efuitibis perhaps more valid than before, because
combination of new scientific approaches basedtmrmation and communication technologi@8T) in cartography
provides many possibilities for map creation and inclusion of art not only make maps a&tbattaiso enables new

and imaginative forms in which maps could be shown and naturally understood. As Dasgupta mentioned, Geospatial
technologies allow greater flexibility and customization through geovisualization, which develops and extends old
cartogrghy concepts in new and innovative ways (Dasgupta, 2013, p.23).

Visualization is one of the key factors to be able to recognize relationships in both type of geospatial data: structured
data base management systems (DBMS) and unstructured (e.g. comingofumteers). As Dasgupta (2013) says,
AThis requires the integration of vi sual and comput at
construction. At the engineering end it requires the integration of diverse systems, each with theandamls data
structures and interfaces. The real problem is to integrate databases with visualization such that the functionalities are
available at the visual interaction level itself. In fact, the problem is similar to the BD problem of being abidl& h
streaming, unstructured data to extract knowledge in r

Another important stream of cartography is ubiquitous mapping. It is one of the biggest challenges of contemporary
cartography and geoinformatics and arose because of the perceivedtadvg e s o f an o6informatio
should be done by everybody, anytime, everywhere with all possible technological tools. The adaptive cartography
means the automatic creation of correct geodata visualization with regard to situation, purpbgeused. Adaptive

maps are maps in the conventional sertbey are correct and welkkadable medium for transfer of spatial information.

The user controls map modifications indirectly via modification of context. The term context refers to the ¢pietvin

of characteristics:

A Who is the map reader: information on abilities
knowledge and/or education? This information forms the user profile;
A What i s the pur pose saved ptoblens, spat@al: extantnof the pneblern and o n

information on hierarchy of content items depending on the given problem?
A Where is t hiaformetign ortptace belatedispardmeters of the display, transmission capacity
and software chacteristics of client application?

Cartography can also offer on the higher development level older but still young ideas of Georgian cartographer
Aslanikashvili who came in 1970s with book Metacartography. In that book cartography was presented dkeone of

first sciences connected closely to metadata (in that times even informatics did not treated the topic). Aslanikashvili
develops the theory of semiology in cartograpBgmiology hasfour aspectssyntactic, semantic, sygmatic and
pragmatic. Syntactione means cartographic symbols relationshipgach othersemantic one meargartographic
symbolsrelationships to the content of what they descrilsydmatic one means cartographic symbols relationships to

the functions of the objects that indicated gmmagmatic one is relationship of one who cartographic symbols uses to the

all system of symboléAslanikashvili, 1974, and Drapela, 1983). Especially in BD environment the new elaboration of
these aspects can bring new ideas not only in cartographyeaimdfarmatics but in all process of dealing with data and

its viswualization. Recently, three of these aspects ar
define the code in terms of symbols, sizes, colours, etc. Cartographersyageaeiin this. The semantic dimension is

one in which we try to incorporate the meaning of the information using eitheexgpddfining codes or a legend.
Cartographers are very good in this as well but, could do better in the arena of dynamic visuaizmhtmultimedia.

Finally, we have the pragmatic dimension which ensures that the communicated information is relevant to the receiver
throughcontexmodel | i ng and personalisationd (Gartner in Dasgl

During implementation phase of a project dynamic geovisualization (Konecny, 2011) for creating adaptive and
contextbased map concepts in crises management, the team discovered and confirmed cognitive style of users with
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different skills, abilities, education and cultural background and differges$. The importance of the idea of cognitive
style was highlighted. Cognitive style or O0thinking st
individuals think, perceive and remember information, or their preferred approach tosusminformation to solve

problems. Two main streams of cognitive style are holistic or analytic ones and could give practical inputs to
cartographers. Some find use of maps better, others prefer orthoimages. This can play an important role especially in
disaster situations. But research is in the early stages and needs deeper analysis and cooperation with more disciplines at
an international level (Konecny et al, 2011).

In the era of BD, it is very important for cartography to take advantage of the deesibpf the information and
communication technologies. The distance between cartographers and the world's leading information providers like
Google, Open Streat Maps, Facebook and Twitter have to be reduced through clear involvement of cartography roles
and rules in solution delivery. As experts, we are happy of the new possibilities presented by ICT, but still we cannot
hide the fact that much chaotically transmitted information is not correct and can lead to misinterpretation by the users.

The similar diuation is present also in the area of Volunteer Geographic Information (VGI) which is now elaborated by
many scientists over the World.

A big challenge for the cartography is its role in the new stream of Virtual Geographic Environments (VGE). Lin and
Bat y st at e, t hat AVGE are built on the development of
how users are able to embed themselves within such systems. VGEs thus constitute environments in which the user
interacts with the geographicait spatial system of interest through immersion in its spatial representation, the methods
used to model it, and the processes used to utilize such environments in problem solving. Virtual Reality (VR)
Technologies, computeided design (CAD), games, artions, movies, indeed the whole plethora of multimedia with
geocoded dataandggpr ocess model s, can be enlisted to enrich anf¢

Lin and Batty (2009) define VGE as an environment that is explicitly gebgabut into which users are more deeply
embedded in terms of the experiences they require than those which have hitherto characterized the uses of GIS. Meng
(2009) adds, that Spatial modelling, geovisualization, and human vision are fundamental césnpbnNEBES. In

current VGES, geovisualization typically performs a-fotnl task:

- to create a display surface onto which a symbolized subset of digital geographic concepts are projected, and;
- to provide an interface f onationtthates eitherembgédledanmlatedscsthet o s e
graphic symbols.
In the former case, the communication of geoinformation starts with eye contact, i.e. seeing. The comprehension of
what has been visually attended relies on an agreed visual literasebettve designer and the user. Developing such a
visual literacy has been a constant research focus of cartographic semiotics. Later, however, geoinformation is

essentially communicated and comprehended by means of user interactions that require seliimy attdhe same
time.

The development of VGI and VGE will propose new interesting and in many cases unexpected ways to deal with BD.
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Abstract

In recent past years many studies, papers and articles focused on Internet maps and web cartography have been
published. They have emphasized above all the changes connected with the beginning of théecemat maps. These
publications have mentioned the changes of the process of map construction, publication, dissemination, cartographic
theory, classification of maps, user issues or evaluation of map products. Even some authors have been wtiting abou
changes of the whole cartography paradigm.

This paper tries to capture another charigéhe Internet map represents a complete tool for information searching,
integration, analysis and decision making. The visualization and presentation as the orjgnaf maps is reduced

and the role of complex information tool is made strengthen. The maps replace traditional catalogues or lists because
they offer extra information on localization of points of interest and make possible not only to show descriptive
information, but also spatial connections and relations. The new era of Interretl(sd Internet of Things) brings

another important change the Internet maps can not present only spatial connection but also links among all the
objects on the map as lvas external data and information.

This paper describes connections between Internet maps, Linked Open Data approach, Volunteered geographic
information and open methodologies of collecting and harmonizing of data and information. Also several selected
projects will be introduced and described. The main goal of this paper is to show that changes in cartography are not
finished, because they are very closely connected to any changes in the sphere of information (especially web and
Internet) technologies.

INTRODUCTION

In past years many researches, papers and articles focused on Internet maps have been published. They have
emphasized above all changes connected with the beginning of the era of Internet maps. These publications have
mentioned the changes thfe process of map construction, cartographic theory, classification of maps or evaluation of
maps. Some authors (e.g. Brodersen 2007, Peterson 200C
Buchroithner 2014) have been writing about the ckargf the whole paradigm of cartography.

But the process of a shift of paradigm in cartography is not finished (and in general it can not be never completed). This
paper tries to capture another charigehe Internet map represents a complete tool forrinédion searching,
integration, analysis and decision making. The visualization and presentation as the original role of maps is reduced and
the role of complex information tool is made strengthen. The maps replace traditional catalogues or listsn@.g. pho
books), including results of search engines. They offer not only required descriptive information, but also extra
information on localization of points of interest and make possible to show spatial connections, relations and navigation
issues.

The new ea of Internet (s¢c al | ed | nternet of Things) brings another
similar to cartographic conception. It is a model of various interlinking things (events, persons, phenomena, objects...).
Therefore Internet maps V@ a new challengeé to present not only spatial connection but also semantic links among
objects. It is strongly connected to new role of Internet niafmsintegrate information from various (in many cases

very heterogeneous) resources.

This paper in fdbwing parts describe connections among Internet maps, Linked Open Data (LOD) approach and other
related concepts such as Internet of Things, Volunteered geographic information (VGI) and open methodologies of
collecting and harmonizing of data and inforioat Also selected projects will be introduced and described. The main

goal of this paper is to show that changes in cartography are not finished, because they are very closely connected to
any changes in the sphere of information (especially web andétteechnologies.
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LINKED DATA

The Linked Data is the key narartographic term of this paper. Therefore this collocation needs detailed description
and explanation because the cartographic community is not fully familiar with Linked Data.

The term LinkedData is very frequently referred in the current cartography and geomatic publications and projects (the
examples are cited and mentioned in following parts of this paper). It is necessary to state in the beginning of this
section that Linked Data is becomg to play the role of buzzword and users need carefully to check concrete text to
find relevant information.

The Linked Data approach enables to publish data (including spatial data) in very interoperable way. The best
description of Linked Data is pravie d b ystaaratiggvwseheme of Linked Open Data (Bertss 2006). Linked

Open Data represent a special type of Li nk e dtarbatinga , w h
scheme shows necessary properties of such type of data.

1 1st stari Data is available on the web (whatever format) but with an open licence (e.g. GNU General Public
License or BSD /Berkeley Software Distribution/ licence)

1 2nd staii Data is available as machineadable structured data.

1 3rd stari Data is available asachinereadable structure data in a Aoroprietary format.

1 4th stari Data is available as machineadable structure data in the open standards from W3C (RDF
/Resource Description Framework/ and SPARQL /SPARQL Protocol and RDF Query Language/) tp identif
things, so that people can point at your stuff.

17 bthstai Al'l the above, plus: Link your data to other p
modi fier fALinkedo.

The following | ist i nt rstadaticgesysm i the spatipl Hataemaih.at i on of yve

1 1ststai Data is published as a map in a binary format describing raster graphics (e.g. PNG /Portable Network
Graphics/) under GNU GPL.

2nd staii Data is available in Esri shaffiée format.

3rd stari Data is available iGML (Geography Markup Language) format.

4th stari Data is migrated to RDF.

5th stari Data in RDF is interconnected to other Linked Data (e.g. DbPedia

E R ]

Tim BernersLee (in Bernerd.ee 2006) presents that Linked Data (or Linked Open Data) is relatheé two main
standards:

1 Uniform Resource ldentifier (URI), which guarantees a mechanism of the unique identifiers of each thing
(object, feature...). These identifiers are provided to create links between data.

1 RDF, that enables formalized descriptioneafch information based on triple (subjécpredicatei object).
This pattern represents universal way of coding of information and data. There are many examples of
implementation of RDF in spatial data domain such as Walsh 2003, van den Brink et ar Ri&8 2007.

The transformation of spatial data and other information from geographical domain to the Linked Data is supported by
many international organization (e.g. World Wide Web Consortium, Open Geospatial Consortium, Food and Agriculture
Organizaibn of the United Nations), by European Union (projects such as MELODIE&oKnow or
SmartOpenDafy and also by national governments and authorities (e.g. products of Ordnance Survey or U.S. National
Map) or various independent projects such as GeoNangsr Dbpedia. The structure Linked Daia provided by

Linked Data community

http://dbpedia.org/
http://www.melodiesproject.eu/
http://geoknow.eu/
http://www.smartopendata.eu/
http://geonames.org
http://lod-cloud.net/
http://linkeddata.org/

NOoO oA~ WNBE
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RELATED WORKS

The Linked Data represents a challenge for cartography and cartographers. But there are a few studies describing a
relation between cartography (maps attteo cartographic products) and Linked Data.

I't is necessary to be conscious of the fact that the t
But in many cases this word does not have any connection to cartography in a processasfriaéion or migration
data sets to Linked Data or to interconnection among particular Linked Data vocabularies or objects.

Visualization is the second term frequently used in Linked Data domain. But it also does not mean a cartographic
visualization, btia graph composition of Linked Data sets or objects (such as in Brunetti et al. 2012).

The various approaches how to visualize Linked Data are described and compared in the Approaches to visualising
Linked Data: A survey (Dadzie & Rowe 2011). The authoesntion not only cartographic visualization, but show also
interactive map tools working with Linked Data published in the United Kingdom. Also the data resource for U.S.
National Map is built on the basis of Linked Data (Usery & Varanka 2012).

There are gpers focused on collaborative mapping or cartographic visualization of Volunteered geographic information
activities. Some of them (e.g. Simon, Haslhofer & Jung 2011, Savelyev et al. 2011, Karam & Melchiori 2013) discuss
or present Linked Data approach.

Question of a cartographic visualization (related to web services) as a challenge for semantic Spatial Data
Infrastructures are mentioned in Janowicz et al. (2010).

The publication An Approach to Publish Spatial Data on the Web: The GeolLinked Data Ceses®¥il § zquez et
2010) introduces a simple a faceted browser for GeolLinked Data. Another application used and visualized data from
DBpedia (link) is described in Becker & Bizer (2009).

CHANGES & CHANCES

In the previous parts of this paper there weetdied some changes and chances in cartography caused by Linked Data
approach and other significant transformation processes in spatial data sphere and geomatics. This section wants to
show the influence of Linked Data on cartography in a case of a devehbprocess of simple web map application.

Basic information on application

The application focused on presentation of European alpine ski fasantsated above all for educational purposes as

an example of a constructri oOaraofogweabp hiyndo tihhe tchoeu rUsne vieQ osm
(Czech Republic). Students do not create a new web map application every year but they continue in a work of their
predecessor s. I n the first Abr ai nstamimpirtanychanges af exsstings t U d €
version and also an explanation of benefits of web map in comparison of traditional tools (e.g. list or catalogues) is a
part of the introductory class. But the educational aspects are not a goal of this paper.

The essetial part of an application development consists in searching and interconnection of relevant data (we ignore
cartographic methods of data processing intentionally, because it is out of the scope of this paper). The searching of data
was very important anguite complicated due to these reasons:

1 Users need information from various domains (e.g. tourism, geographic places, meteorology).
1 There is not any complete database.
1 Data sets are provided by many subjects.

Finally we choose three main methods of aatidection:

Data from skimap.ofg(which represent the most complex available data).

Data from selected web pages processes by XSLT (Extensible Stylesheet Langragdormation)
template.

f Data added manually (based on MiQisers' feedback)

f
f

1 http://letsdosomeskiing.com/
2 http://skimap.org/
3 As the one of improvement arim for more comfortable data uploading is prepared.
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The devéopment of data model is another question connected to the development process. The main problem consists
in heterogeneity of existing data in the input and huge number of required information in the output. There are various
types of heterogeneity suchdifferent data models, identifiers, terminology, spatial scope etc.

e we use a principle Ato have a base data as ¢
s to existing data mwmapproachti ce s 0. It fully follow

The current data model of stored data contains six main components:

Identifieri unique URIS (according to Linked Data approach) are used as identifiers.
Labelsi names of ski resorts.

Coordinate$ point coordinates World Geodetic System (W&S EPSG:4326)
Localizationi links to geographic features (State, Region).

Descriptive attributes relic of previous versions of data set.

LinksT links to external resources which cannot be derived from previous components.

=A =4 -8 -8 -8 -9

Original data is kept in thspecific XML (Extensible Markup Language) format due to more comfortable editing. This
data set is not published but it is transformed to GeoJSON (an extension of JavaScript Object Notation; this data is used
to publish maps in the Leaffetlient) and QVL (Web Ontology Language) format in RDF syntax to make data
accessible to other users.

Implementation of Linked Data

Linked Data represents very nice concept, but their implementation and applications based on Linked Data resources
are more important.ihked Data resources can be implemented in three different ways:

1. Links to vocabularies, including metadata vocabuldridese links manage semantics of data set and its parts
(e.g. particular classes or relations). It is possible to declare that ctas€ddintry is the same as class
dbpediaowl: Country (used in Dbpedia). This approach is to used to use and add official definition or
explanation to particular elements. For example in the application introduced in this paper the elements gn:
name (fromGeoNames.org) or getat (from WGS84 Geo Positionifigare used. The first element describes
names of particularesort, while the second examplefine latitude as a part of location of the resort.

2. Links to instances (particular data objedtsn this case selstanding instances (e.g. concrete states such as
Bulgaria or Austria) are interconnected. For example the Linked Data resource can contain statement that
http://www.semanticweb.org/ldss#Georgia is the sangtpg/dbpedia.org/page/Georgia_(country)

3. Links among objects in one (or more) data resourdeifss possible to define a relation that ski resorts can be
connected to states by a relation isLocatedInState. Ontological stafasmise very important technologies
supporting Linked Data) are able to specify other properties of relations based on descriptive logic rules (e.g.
Range, Domain or transitivity). This information are essential from a perspective of automatic reasoning of
data and derivation of new information (details in Cerba & Jedlicka 2013).

As it was mentioned in the previous paragraphs the source data of the application contains links to Linked Data
resources. The current version is connected to DBpedia, GeoNagneSB@AF (Friend of a friend)and FAO
Geopolitical Ontology. There are also some-used elements from WGS84 Geo Positioning, Dublin Core Metadata
Initiative® and Creative Commohticense. Because the authors of the application want to provide as rfarchaition

as possible, the data set contains also links to other data (WiKjp@diiram|Alphd or web pages of particular

The current URIs are uncomfortable and unintelligible (etip.//letsdosomeskiing.com/Pages/d1e19260)htim: change
0 a style likehttp://letsdosomeskiing.com/Pages/Fopgslprepared.

http://leafletjs.com/

http://www.w3.0rg/2003/01/geo/

http://www.foafproject.org/

http://www.fao.org/countryprofiles/geoinfo/en/

http://dublincore.org/

https://creativecommons.org/

http://www.wikipedia.org/

http://ww.wolframalpha.com/

= e
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resorts), which are not put among Linked Data. This data is published as OWL/RDif fiflee web page of the
application.

The appkcation uses other data resources which are not connected to source data but are processed directly by
application or by automatic generating process of application. These resources cover

1 map layersi various style versions of OpenStreetMagSRF maps, Nokia Map$é or Stamen Watercolor
(very attractive OpenStreetMap design); these background maps includes street map, satellite map as well as
terrain map. Except background maps users can select an adding @genPisteMapor various types of
OpenWeatheMap’ (showing temperatures, snowing or wind).

1 API (Application Programming Interface) or application having URI containing name or coordinates
OpenWeatherMap, links to Trip Advisor, Hotel.de, Lonely Planet and social media (Twitter, You Tube, Tumbilr,
Flickr).

1 embedded data (via HTML embed elemén§PARQL query to DBpedia.

Benefits for cartography and cartographers

Linked Data is a very nice and interesting approach. But its success in cartography will depend on benefits offered to
cartography and cargrapherd The following list shows important advantages of using Linked Data in cartographic
visualization process.

1 Access to a large number of spatial data and informétionked Data include not only particular geographic
features such as citiesyers or seas, but also vocabularies of terms related to geography, cartography or
domain of a map. Users can use not only data sets, but also results of SPARQL or GeoSPARQL queries that
provide data according to user requirements.

I Searching of data via lks could bemore intuitive and more simple for some users than using of metadata
catalogues. But it is necessary to mention that results of searching in metadata catalogues have higher
information value.

1 Semantics is not an empty word or buzzword. Thankgriploying of semantic labels for relations and object
cartographers have much more information on data (substance of particular items and values). This knowledge
and experience have an impact on easier and more accurate development of map symbolksgenohayyell
semantically described data are also more readable and understandable for users.

1 Links to multilingual data resources simplify translations of map content as well as user interface of digital
cartographic products.

i Cartographers can combine @and information from several independent resources without a need of data
harmonization. The harmonization steps were realized by data providers before they have published data as
Linked Data.

1 A support by various controlled vocabularies and other termdiical resources is very important from the
perspective of noprofessional cartographers and mappers (people participating on public mapping activities
or data journalism). Correct usage of Linked Data approach can help to better the quality of pdctogra
results of abovenentioned activities.

1 Linked Data is very beneficial from a perspective of data storage and management. Cartographers do not need
to occupy with activities related to data collecting, storing, updating and maintenance. They justause d
prepared by particular data providers. Linked Data approach is not connected with building of big data silos,
robust database solution or downloading of new data updates.

1 Linked Data ishased on principles of matkp languages and it is provided by @wen license. Cartographers
are able to save software components because they are independent on any software producers (it does not
mean that Linked Data users have to migrate to open source applications).

1 Linked Data supports a development of contigit cartographic web application. It is possible to add any
information (that is not usually a part of spatial data sets) to map, including multimedia. For example users of a

1 http://letsdosomeskiing.com/Media/LDSS.rdf

2 http://www.openstreetmap.org/

3 http://www.arcgis.com/

4 http://here.com/

5 http://maps.stamen.com/

6 http://openpistemap.org/

7 http://openweathermap.org/

8 The general benefits of Linked Data (above all for data managers, users and providers) are mentioned in Heath & Bizer
(2011). Some of them are also important for cartography.
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map presenting population density in European countries want to explain whatthe téi popul at i on ¢
means exactly or want to get more information on particular states.
1 Because Linked Data is very popular now, there are a lot of examples, documentation and tutorial.

It is necessary to mention that Linked Data is not an idealisolfor any cases. Users could criticize reliability of data
(because they do not have absolute control over data) or necessity of knowledge and experience (connected with
education and learning of new issues).

But it cannot change the fact that Linkedt®aepresents grourtsreaking way of using, exploiting and publishing of

data and information, including spatial data.

CONCLUSION

Modern web maps replace traditional list or catalogues in many human activities including tourism. Users do not want

just toknow a descriptive information and evaluation, but they also need spatial information and relations. In the case of
ski resorts users search mainly for spatial data and information (e.g. location, length of ski slopes or weather) which are
detectable frona map. Moreover current applications based on web map add more very interesting functions enabling

navigation, communication, assessment or purchase of ski passes.

Such web map tool integrate heterogeneous input data for one thing and provide persof@imation on demand
for another. Maps represents the one of the fundamental communication tools on the contemporary Internet. And their
importance will be growing when speaking of the Internet of Things (as the future or new era of the Internet).

The inportance of web cartographic application increases not only in connection with an attractive design, but also
quality and quantity of data play very crucial role. It is an opportunity for an implementation of Linked Data principles,
because independent @ééapers or Small and Medium Enterprises are able to buildduglity application, but they
usually are not able to keep large data and knowledge bases.

Introduced map application represents a sample of opportunities following from Linked Data appliotegrates and
presents information coming from different sources (data collected by authors, VGI resources, open data in RDF
format, data from various services and APIs). The map serves as the basic tool for communication and orientation. It
does not povide all accessible data (it is almost impossible, because the map has to be simple and uncluttered) but the
map offers just short information to have an elemental idea and the link (or links) to all information.

The development of the introduced map &a&tion will continue. It is a part of education process in the University of

West Bohemia but also the commercial section has been interesting in. The authors plan to interconnect the application
and results of several projects dealing with Linked Dat @Dl4apps or SmartOpenData).
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Abstract

Military Geographic Service is the major producerg#o data and materials in Bulgaria according to the Low of
Geodesy and Cartography, and Bulgarian engagements as a NATO and EU mdimdanodern technology, high

tech equipment and wedlducated and motivated staff are the bases to satisfy all thedengjes. This paper aims to
present the Military Geographic Servilhcepapeismqugpdanach f or

- geographical data collection through Remote Sensing technelsgyrce data, technology and specific requiretsen
to the collecting process;

- real time data structuring and coding, according to specific requirements of prime Geo Data Base of Military
Geographic Service;

- development, maintenance and quality control (geometrical and attribute) of Geo DataaBesaling to the
DIGEST standard;

- automatic creating of cartographic products for immediate reply to military purposes or civil protection and crisis
management;

- used knowhow and higktech software (ESRI and ERDAS Imagine software) and its custamiathe needs of the
Military Geographic Service workflow.

Military Geographic Service believes that this is a good approach for maintaining and updating the Geo Data Base for
optimizing the time to produce cartographic products and to increasedgtality.

INTRODUCTION

Digital technology has broadened our view of a map. Instead of static entity, nowadays a map is a dynamic presentation
of geographic data. In order to be effective, a map must be visually compelling. Principles of graphit te&igh
proportion, balance, symbology and topography apply to maps as well as to other types of illustrations.

The map is an interface between geographic data and ou
identify spatial patternand geographic objects and locations.

The complete and accurate geographic information about the world is extremely valuable. Collected and digitally
structured, the information can be easily maintained, expanded and updated. In addition we have ibilgieposs

make analyses, modeling different variants and situations connected with terrain, road network, railroad network,
hydrology, urban area, creating information systems, simulations and so on.

The activities of Military Geographic Service in ttsphere of cartographic production are determined by its
responsibilities, due to the membership of Bulgaria in NATO and the Law on Geodesy and Cartography of Republic of
Bulgaria.
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The used technology, combining advanced hardware solutionstdalgtsoftwae and weHtrained staff are the key to
obtaining upto-date cartographic products with high quality and precision in the shortest possible time and with
minimum cost.

Workflow of cartographic production

- Creating geo datatechnology, data source
- Creatirg and maintaining prime geo data base (GDBi2#ta modalcoordinate system
o Data import
o Creating data base containing meta data
o0 Geometric and attribute quality control
0 Updating of GDB 25 and data base with meta data
- Creating digital cartographic prodsc
o Creating a geo data base for each cartographic product
0 Map creation and editing. Quality control
o0 Printing hard copy maps and creation of digital geographic products

Data sources

Main sources of information areairborne and satellitedbased remote semgj techniques scheme and field
observations.

Additional sources: Bulgarian Air Forces, Hydrological service, Ministry of Regional Development and Public Works,
Ministry of Investment Planning, Ministry of Agriculture and Food, Ministry of Environment\&@atker, Ministry of
Transport, Information Technologies and Communications, Bulgarian Air Traffic Service Authority, National
Geological Fund, National Statistical Institute, Aerospace Observation Centre etc.

Graphical and attribute data with high qualitydaaccuracy, low cost and production in the shortest possible time, is
achieved by using the following technological sequence:

- AOn screenod vectorization of orthophoto i mages

Feature of this method is working in a 2D, which in some cases does not alladenitiécation of all the
objects in the image.

- ldentification of only objects, which are unrecognized on orthophoto images is done in stereo mode;

Full stereo mapping is an unreasonably slow and expensive method of obtaining geo data.

- Field observation.

In the presence of important objects or parts of objects which cannot be detected by using the aforementioned
above two sources, field observation of the area is carried out.

REMOTE SENSING

The use of remote sensing techniques in the activity of MGS Hatdsto the late 3fkes of the last century with the
application of analogue photogrammetry. In 1997, MGS purchased its first license of remote sensing software created
by Erdas Imagine (version 8.3), which put the beginning of digital photogrammetrgmantersensing.

Nowadays MGS use in its workflow highch software by the company LAIGAErdas Imagine, installed on modern
hardware, enabling higépeed processing of large amount of data sets, and work in stereo mode.

As a supervisor of a European pjef Ministry of Agriculture and Food for the creation of land parcels map (LPIS),
MGS use the remote sensing data coming from this project for creation of geographic products. Mostly these data are
aerial images with ground simple distance of approxim&te sm., flight attitude ~ 4000 m., 12 microns pixel size and
camera focal length of 120 mm.

The ultimate goal in the processing of digital images is to remove all distortions (geometric and radiometric) and
transforming them into models and image&wing direct geometric measurementstereo model, DEM, DTEM and
orthorectified images.

Triangulation, or block triangulation, is the process of establishing a mathematical relationship between the images
contained on a project, the camera or sensor madd the ground. The information resulting from triangulation is
required as an input for the orthorectification process.
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Leica Photogrammetry Suif€PS) project manager of Erdas Imagine uses a technique known as bundle block
adjustment for aerial triggulation. Bundle block adjustment provides three primary functions:

The ability to determine the position and orient
photographic or image exposure. The resulting parameters are referrexkteras orientation parameters.
The ability to determine the ground coordinates

images. The highly precise ground point determination of tie points is useful for generating ground consol point
(GCPs) from imagery in lieu of ground surveying techniques.

The ability to distribute and minimize the error
and so forth. The bundle block adjustment processes information from an entire bimegefy in one simultaneous
solution (that is, a bundle) using statistical techniques to automatically identify, distribute, and remove error.
Significant factor for the precision of triangulation is the accuracy and normalized spread of GCPs. Acooaifi#ng t
Low of Geodesy and Cartography, MGS has the obligation to create and maintain a National Geodetic Network,
magnetic and gravimetric networkSo, it is an owner of significant data base with high accuracy of GSPs, entirely
covering the country.

By usng these materials, the accuracy of block triangulation is between 0.26 sm. This accuracy is enough for
automatic extraction of DEM and creation of ortho rectified images. (Figure 1)
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Figure 1 Report from block triangulation

Automatic DEM extracti on

A digital elevation model (DEM) is a 3D digital representation of the terrain or topography of the Earth. Automatic
DEM extraction involves the automatic extraction of elevation information from imagery and the subsequent creation of

a 3D digital repremntation of the surface of the Earth. A DEM represents the elevation associated with the topography

of the Earth and not necessarily the anthropogenic (such as buildings) or natural (such as trees) features located on the
ground.

A digital terrain elevatin model (DTEM) represents the elevation associated with the surface of the Earth including
topography and all natural or anthropogenic features located on the surface of the Earth. The primary difference
between a DTEM and a DEM is that the DEM represémsterrain of the Earth whereas a DTEM represents the
surface of the Earth.

The accuracy of DEM or DTEM is an extremely important factor in the process of image orthorectification.

MGS use Leica Photogrammetry Suite (LPS) of Erdas Imagine for autormresdiioa and editing of DEM and DTEM
in its workflow.

LPS, Automatic Terrain Extraction (ATE) allows for the automatic extraction of DTEMs and DEMSs. In order to

automatically extract topography only, specific parameters governing the elevation extramtesspnust be specified.
However, typically additional editing outside of the DEM extraction process is required to obtain an accurate 3D model.
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DEM editing techniques are used to remove invalid elevation points in order to create a precise represktitation
topography and the surface of the Earth.

This process is performed in the module Terrain Editor (Figjufe 2) In stereo mode it is performed checking of the
vertical position of the automatically generated points with 3D coordinates. The hadighitpoints which are not lying

on the ground (situated on buildings, trees, etc.) are edited. This process is extremeftdabive. The time required

to generate and edit the DTEM is 3 times more than that required for the DEM. The inventiomElaidcaused by

the need to generate contour lines, required to visualize the landscape in all cartographic materials produced by MGS.

Figure 2 3D points coming from automatic DEM generation

Key factors affecting the accuracy of the DEM and the acgubdd®TEM are the precision of block triangulation,
radiometric characteristics (color, contrast, sharpness, etc.) of the images, as well as the professional skills of the
operators performing the editing.

The required vertical accuracy for GDB25, mainéal by the MGS is 1/3 of the contour interval of the base scale map.
For the base scalel:25 K, with contour interval of 10 m, the accuracy is 3 meters. Used by MGS data coming from
remote sensing allows obtaining models with a vertical accuracy upto 1

Orthorectify images

The i mages used in the project, 3D coordinate deter min
of the LPS project manager workfloworthorectification. The orthorectification process requires high qualiagés
(col or, contrast, good normalization et c-acurata imagernhi g hl

(orthorectified images) for "on screen" vectorization process to extract vector and attribute data.

Ortho images are controlled by two maidicators:

- Geometric accuracy It is performed by GCPs, derived from field GPS measurements with accuracy up to
0.50 meters and a vector data obtained by the stereo mapping, as road and hydrographic networks in predefined areas of
the treated area. Dataom stereo mapping are free of error from the relief and therefore it is important for the control.
The maximum permissible RMS is 2.5 m.

- Radiometric image quality It is performed by evaluation of the clarity and sharpness of the images and the
size d the areas covered with clouds, snow and visibility of objects falling in the shadow of other objects.

Orthophoto images are the main source of vector and attribute information for building and updating the
GDB25. "On screen" vectorisation is carried @utArcGIS environment. Additional application created by MGS
specialists allows direct entry of data into a temporary database with the same model as GDB25. After performing the
geometric and attribute quality control, data are entered in the GDB 25.
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Specfic requirements of the vectorisation process:

- Accuracy of the vectorization of linear objects and edges of area object is up to 4 px;

- Completeness without generalization or movement of objects due to readability of map information;

- Extract attribte information- retrieve only the attributes that have been guaranteed accuracy, required for the
GDB25. Filling in the missing attribute information is performed through remote sensing technique, and if necessary by
a field observation or additional sees.

- Structure of the vector informatierdata model of GDB25.

Stereomapping

The stereo mapping is another way to derive vector and attribute information. The process is performed by using
software Stereo Analyst for Erdas Imagine.

Stereo AnalystforRD A S MAGI NEbds sophisticated 3D data coll e

I
A Collect both 2D and 3D data from a variety of i me
A Minimize the time and costndedéiggendatat ed wi th prepar
A Automatically attribute spatial information to GI

The software is customized by specialists of MGS. The aim of customization is to allow importing the collected geo
data in the structure of the GBD 25 (Figure 3).

In the workflowof MGS the stereo mapping is used only for extracting information about the objects which are not
recognized on the ortho photo images.

Full stereo mapping process for collecting of all geo data for GDB25 is unreasonably slow and expensive process.
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Figure 3 Structuring of data in stereo mapping process

Creating and updating the prime geo data base (GDB 2%Figure 4)

The main part of the activities of the MGS is aimed to create, maintain and update the prime geo data base (GDB 25). It
is built using thesoftware of the company ESRIArcGIS for Server, ArcGIS Desctop and Open Source database. The
data model has been developed by specialists of MGS, based on the DIGEST 7074 standard.

The characteristics of the prime geo database are:

1. Accuracy- coveiing requirements for the creation of cartographic materials in scale 1:25 K;
2. Coordinate systemWGS 84, UTM 34N and UTM 35N;

3. Vertical coordinate systenmean sea level,

4. Data modei created by MGS.

The GBD25 contains the following data types:

- Vector data all geo data, created according to the standard of GBD 25;
- Raster dat& scanned topographic maps of all scale range, satellite and aircraft imagery, orthophoto images;
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- Database with vertical obstruction# contains objects represemgi obstacles to aviation with height over 42
meters, their names, normal heights, height of the obstacle andiliglaling devices;

- A database with names of settlements and orographic objects;

- Database Vmap4used for creating maps in scale 1:25Q0KG), according to NATO standard;

- Database Vmap2used for creating maps in scale 1:50 K (TLM), according to NATO standard;

- Database of State topographic nmiapTK;

- Model of Geoid for the territory of the Republic of Bulgaria;

- Magnetic model.
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Figure 4 Structure of prime geo data base (GBD25)

The following verifications are performed before importing the data obtained from vectorization of ortho images, stereo
mapping process and field observation:

- Topological verification using combinatios of topological rules. (Figure 5)
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Figure 5 Topological verifications

- Verifications of the attributé an automatic check of the data type by using the attribute domains and
correctness of the data is checked by operatotsing all available informath for the site. (Figure 6)
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Figure 6 Verifications of attributes

DIGITAL CARTOGRAPHY

In the field of digital cartography, the activity of MGS is related to the maintenance of a geo database (DTK) for
establishing a State Topographic Maps, special mapthéomilitary forces as well as maps performed on behalf of
public or private organizations. Furthermore MGS is responsible for the maintenance of geo database VMapl and
VMap?2 for creating maps in scale 1:50 K and 1:250 K according to NATO standards.

For the creation of cartographic products according to NATO standards MGS introduces new workflow, based on
software of ESRI companyESRI Production mapping.

To adapt the system to the requirements of the standard DIGEST 7074, specialists from MGS haneeduistas
following:

- Creating cross reference tables for proper extraction and importing the information from GBD 25 to geo
databases VMAP1 and VMAP 2;

- A system of symbols was created for all object classes for scales 1:50K and 1:250K together with their
attribute tables;

- The rules for visualization of attributes, colors representations, etc;

- The fonts allowed multilingual presentation of geographical information;

- The templates for automatic generation of marginal information;

- Set of rules for automaticegeralization of information importing from GDB25;

- Cross reference tables transforming the screen colors (RGB) to standard ones (PANTONE) for press of
hard copy maps.

Workflow:

- Loading geo data from GDB25 to Vmap2 via cross reference tables and visoalizhtoaded object
classes by using Data Loader of Production mapping; (Figure 7)
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Generating of marginal information; (Figure 8)
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Figure 8 Generating of marginal information

- Loading of map information and automatic symbolization of its elements; (Figure 9)
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Figure 9 Loading of map information and automatic symbolization

The symbolization is ceged automatically. The time required for completing this process, is greatly reduced.
Cartographic quality and accuracy meets the requirements of NATO standards for cartographic products.

- Cartographic editing of map information (Figure 10).

The aim of tlis operation is to improve the readability without decreasing the accuracy of the map information.
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Figure 10 Cartographic editing

Cartographic editing is performed in Production mappi
masking & crossing areas. Through this mechanism high quality of the cartographic visualization is achieved, while
maintaining the integrity of spatial information.

- Generating files for printing the hard copy maps.

This process is made in Production mapping @mrme nt by exporting map sheet info
Production PDF supports the mapping of one color to another. You can use this functionality to convert between an
RGB or CMYK color to a new output RGB, CMYK, or Spot color.

It can alsomap grayscale rasters to an output Spot color. This allows you to separate the grayscale raster onto a Spot
plate in a printing press. It is very useful for press the shadow of relief in SPOT color on separate plate.

PDF file containing information in SPOcolors is generated by using cross reference tables for converting screen
colors (RGB) to SPOT color. Cross reference tables were created in MGS for every one map scale, depending on
standard DIGEST. For VMap1 product information is separated in 4 SBIOB.cThis PDF file is used in the software

(RIP) of computer to plate system (CTP) for creating plates for offset printing.
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Using the software Production mapping of ESRI causes drastic changes in the production of cartographic products.
There was an opptunity for creating cartographic materials containingtaqolate geo data in the shortest possible time
(within 48 hours) without being committed any cartographic editing. These products are very useful in civil protection
and crisis management.

Cartograpic editing is a complex and continuing process, depending largely on the functionality of the software and
cartographic skills and knowledge of the operators. There are various automatic functions in the software (generating
street network, open crossindmiildings orientation, editing of land cover, etc.) which allow to increase the quality and
decrease the time production of the maps.

The time needed to create a cartographic edited product which is passed all quality controls and meets the requirements
of the standard is approximately 15 days.

CONCLUSIONS

Maintaining a welstructured and constantly kept with-tgpdate geeinformation data base, workflow equipped with
modern hightech software and hardware, and last but not least highly trained séadfoisd approach to maintain the
ability to produce cartographic materials and-gdormation products required to fulfill the responsibilities of MGS, as
well as to meet new challenges in the field of-ggormation provision.
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Abstract

For the first time two large atlases are being created for Altai. The first ofthi@m/At | as oSaywedre EAddrad gi
is mainly focused on environmental issues. The main functions of the web resourazdsgatyaimed at both solving

problems in an effective environmental management, and application in order to provide information support for use in
commercial projects. The web atlas can be regarded as a tool for decision support in the field of [pdivers
conservation and sustainable development. The second a
The territory being mapped covers six border regions of Russia, Kazakhstan, Mongolia and China, located within the
Altai mountain sysgim. The atlas is planned to be formed as an international mapping project with the participation of

all states located within the Altai. The Atlases are intended for a wide range of users.

INTRODUCTION

Complex atlases are vast systemized collectionseofy@phical maps drawn according to a unified programme as
integral cartographic works. They provide the most complete, scientifically based and various characteristic of the
mapped territory, being cartographic encyclopedias per se. The variety andltipbcityiof the created atlases allow

to classify them in accordance with the contents, purpose, territory covered and other criteria. The-okhhisiesy

of atlas drawing the first atlas is considered to appear in tHe@ntury BC, and in theodern sense it was created in

the XVI century, the application of ttp-date computer and web technologies in the XXI century for @its web

atlased all this proves the topicality and development of maaking.

STATEMENT OF THE PROBLEM

GIS atlass have been widely created since 1990s, developing from digital reproduction of paper atlases via interactive
and analytical atlases to atlas geoinformation systems. GIS atlases marked a new step in complex atlas mapping,
presenting the information in lagge combining prompt and lorgrm cartographic models, having advanced analytical
functions and allowing to systemize various and unlimited in contents factual data for scientific analysis, synthesis and
application [1].

New and actively developing areé making and presenting sets and series of maps on the Internet is represented by
atlas web mapping. Its history spans about a quarter of a century (known since 1993), in Russia the period of creation
web maps and web atlases is known to be less tharat$ g 3].

Web mapping is a rapidly developing area of computer technologies, providing a user (client) with an access to spatial
data as well as giving an opportunity to create and revise maps with tools in interactive mode, allowidmen on
lookup toremote data bases, purposeful selection of sources, overlapping and combining subject layers, generalisation,
classification and choosing representation and graphic modes. A systemized collection of web maps, created and/or
placed on the Internet comprssa web atlas [4].
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APPROACHES & DISCUSSION

The idea of creating a web atlas of Alfgayan ecoregion (ASER) appeared and was conceptually formulated in 2010,
and in 2012 the project on atlas web mapping of the region was launched within the frameaagramtf of Russian
Foundation for Basic Research.

Altai-Sayan ecoregion was formed in 1998 as an international nature conservation project of World Wilde Fund for
Nature (WWF Russid) i Ma n a g i -teron presermagion of biodiversity in the Alt8ayane c or e gi on 0. It c
territory of more than 1million square kilometers and is situated at the meeting point of four states: Russia, Kazakhstan,
China and Mongolia [5]. During the 15 years period of the project as well as othest¢algeprogrammeand projects

on the territory of ASER financed by various funds and taogented programmes, due to the research of several
generations of Russian and foreign scientists an immense amount of data on natural, ethnocultural,-ecaheotio

diversity of ASER was accumulated, a vast informational and methodological base was created, a number of various
cartographic products including web versions was made. However, the existing maps are rather heterogeneous and
have, as a rule, a targeted subject s@opkare mainly used as navigation or illustrative materials.

The development of ASER web atlas contributes to:

- interconnecting, systematization and integration of a huge volume of diverse information from various sources,

- getting a visual image of a s@territory in general and any local territory related information for making a
spatial analysis,

- searching for the most effective solutions for nature conservation problems, including application of
geoinformation and web products,

- development of comper and Internet technologies [6].

The concept of creating the ASER web atlas includes several functions: data gathering and storage; structurization and
description (in the form of a data base) natural complexes, administrative and territorial uoiestedrareas, other

nature conservation areas; evaluation of natural complexes and grounds (including administrative and municipal units,
units of regionalization, zoning and other territory divisions) in accordance with a number of factors; geoinformatio
cartographic modeling; cartographic visualisation, etc. [6, 7]. The structure of the web atlas is based on the principle of
modularity (blockiness) which allows to modify certain blocks that may increase and expand without altering the
structure of the Wwole system.

The main functions of the web resource being created are aimed both at solving the problems of effective nature
conservation activity and using for informational support in economic projects (energy, transport, communication, land
managemenfprest management, water use, recreation, etc.). Web atlas can be treated as a means of decision support in
the sphere of biodiversity preservation and sustained development in global changes. Moreover, the web atlas is
designed for a better informing tife population about the aims, goals and perspectives of ASER development, as well

as performing educational and cultural functions [8]

The basis of a GIS web atlas is a cartographic data base which consists of digital cartographic basis and it@rious dig
maps reflecting certain topics of subject areas. The cartographic base is composed of digital topographic maps of
various detail in known map projections and coordinate systems. In a meaningful context a web atlas is based on the
mapping of natural eironment from the perspective of landscape approach and revealing environmental factors, as
well as anthropogenic factors, so@ioonomic and other characteristics, nature protection areas and protected areas,
which are of paramount importance when it esrno the formation of map topics.

The architecture of web atlas is built on the system of distributed data storage and management (network nodes) with a
common central geoportal (cliesérver architecture). Structurally, the web atlas will consistrgel#opics, which in

their turn will be subdivided into smaller components (module and blocks), comprising cartographic, text and
illustrative materials, sequentially presenting the peculiarities of the studied problem or determined by the logics and the
sequence of representation.

In the project ESRI software tools and cartographic server GeoServer are used.

Currently the pilot project of the web atlas spatially covering the Russian part eSAlfan ecoregion is used (Figure).
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Figure. Title page ofthe web atlas of Altabayan ecoregion (test version).
Two State Nature Reserves are defined as modal protected areas: Altaiskiy and Katunskiy.
The pilot version will consist of six topics:

Section |. The portrait of the territory (nature, seetmnomc and demographic characteristics, a network of protected
areas).

Section Il. Threats and risks (exposure, loads, restrictions).

Section 111 . Priority ecosystems and natur al habitats
SectionlV. Adaptation to exposure (exposur@atural habitats, processietrends, etc.).

Section V. Management and participation.

Section VI. Model protected areas and biosphere territories.

Among the fibasico bl ocks of folowiegomes dreodeveloped:t si ons of t he

- the block Al nformation about ASER and protected ar
status, area, date of creation, location, protected reas departmental belonging, protected areas being designed and
suggested, location of ASER;

- the block fANatur al resourceso comprises a vast coll

- the block fiNature protectionodo includes the |lists of

- the bl ock friGdsclimatit irdéxescfronrmmeteorological stations in connection with the nearest of
protected areas;

- the block fAActivityd has the information about the
the work and activities in protectedeas including participation in international projects;

- the block fADocumentso includes regulatory | egal act

of scientific and technical reports, materials of projects, photo documents;

- the ©blrotckgrfiaQuahi ¢ material so contains two 00800t s : t h
1:500 000) and the maps of a locally object level (Scale 1:100 Q5 000);

- the block fAReference booksod provi dpgct.t he cl assi fier

For the series of maps of model protected areas the following basic subject layers of the GIS project are being
developed:

9 situation plan reflecting the location of a protected areas in ASER: the borders of the protected areas, its
safeguard zogs, the clusters coming under it, state wildlife preserves and nature sanctuaries, the biosphere ground
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(including the territory of collaboration), as well as existing and planned protected areas on the adjacent territories,
neighbouring land users, etc.;

1 territory structure of the protected areas: territory zoning;

1 protected areas infrastructure (cordons, routes of rounds and records, monitoring grounds, recreation sites,
other recreational areas, etc.);

1 habitats of main, sentinel animals, animals andtpleaguiring special protection;

1 the main types of areal (fires, ploughing up, usage of pesticides, etc.) and local (poaching, trespassing, etc.)
violations;

1 potential threats (areas of most likely occurrences of fires and sets of fire from outside)epudngb of
trespassing, unauthorized cattle straying, probable ways of chemical contamination from outside, etc.).

The informational model of the ASER web atlas is specified and amplified while being created as well as in accordance
with the topical queds of map users [7]

The initiative of creating AThe Atlas of Greater Altai
voiced for the first time by the principal in spring 2013. It was supported with the collaboration offeedefrom the
Laboratory of complex mapping Geography department of Lomonosov Moscow State University.

The Altai r egi oithe mame uBe@ foe thet terntory Anl tleeicéntre of Eurasia, which is the Altai
mountains in terms of geography, a@ndgeopolitical terms it is the place where the territories of Russia, Kazakhstan,
Mongolia and China meet creating favourable conditions for frontier and transfrontier international cooperation. At
present six units of administrative state division ataated here: Altai Krai and Altai Republic (Russia), East
Kazakhstan region (Kazakhstan), Xinjiang Uyghur Autonomous Region (China), Bégiarand Hovd aimags
(Mongolia).Each unit is interested in effective frontier international collaboration, theatitnal coordination council
AAltai is our common house0 has been connecting them f
for the development of all the territories of Greater Altai.

The complex #fAAtlas o$t Grye,ateunl tAUrtead : i mmapluaenedias an
including participation in editorial and executing boards comprised of the representatives from all the states located
within Altai region. The unigqueness of the atlas is predetermindkebgonceptual propositions it is based upon and the
original thematic structure. The integrity of the atlas is provided by comparability, complimentarity, coordination of
sections and individual maps, the rational choice of projections and scales, amifedf cartographic generalization,

the agreed system of symbols and a unified design. The year of 2013 is a period of atlas modeling. The atlas is designed
to be both paper and Internet based. The basic working scale of the atlas map8Q¢€ Q01D

According to the purpose, the atlas can be categorized as a complex, subject, scientific reference atlas for extensive use.
The concept, structure and the programme of the atlas are at the stage of development and agreement. The following
approaches areeing discussed: the principle of dividing the atlas into sections according to the name of the latter:
Nature, History, Culture.

The above mentioned sections are introduced by a section comprising the geographical data, borders and units of
Greater Altaias well as the satellite imagery of the region.

The ANatur ed s e c-dpaceinformatidn bbowt thes cortditioas of creatiag ecological environment, the
influence of economic activities on the environment, the measures taken to improviethanid the optimization of
ecological situation in the region of Greater Altai at the beginning of the XXI century. Ecology is treated as a result of
economic, social and cultural development of frontier units of territory administrative division logibéd the
mountain system of Altai.

Within the work on the section fiNatureo it is planned
- Natural conditions for the formation of the environment.

- Influence of economic activities on the environment.

- Environmental violations, threats and risks.

- Presentday ecological situation.

- Sustained territory development. Protection and optimization of natural environment.

The thematic contents of the above mentioned maps are being agreed upon. So, the ffpesrare planned for the

subsection f#ANatur al conditions for the formation of
landscapes. Environmental stability. Climatic zoning. Climate. Water resources regions. Glaciers and mudflows.
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Permafost: spread, temperature, thickness. Seasonal frost penetration and thawing. Ecological and soil zoning. A
bioclimatic map of vegetation types. Biodiversity. Coefficient of biodiversity uniqueness.

I n the subsection Al nfitheneevofoemenbommi ctacsi sugigested
subjects: Population distribution. Population density. Population of urban settlements. Functional types of settlements.
Age structure of a population. Prevailing types of nature managerigntultural land development. Lands.
Anthropogenic load on landscape. Impact of agricultural activities on the environment. Anthropogenic modifications of
pedogenic processes. Snow cover pollution. Emission of air pollutants from stationary sourcese3tfu@nissions.

Sewage waters. Composition of sewage waters. Extremely high contamination of surface waters. Impact of mining on
the environment. Toxic wastes. Harmful effects of pipeline and gas pipeline transportation. Amount of forests.
Deforestation Forest fires. Second growth forests. Amount of solid wastes in big settlements. Conflicts of nature
management on various territory levels. An ecologgzanomic map.

The following topics are being consisdertehdr efaotrs tahned sruibs
anthropogenic and biosocial threats. Threat and risk of emergency situations of a natural character. Threat and risk of
endogenous processe®arthquakes, avalanches, glacial activity, landslide, karst, subsidence, enaderilooding,
geocryological processes, etc. Threat and risk of meteorological procedsssrtification, drought, climatic extremes,
extreme air temperatures, snowfalls, snowstorms, fog, occurrence of sleet and rime, thunderstorms, hailstorms,
hurricanes, etc. Threat and risk of hydrological processdtods, high water. Threat and risk of natural fires.
Monitoring, methods and means of influencing dangerous natural processes and phenomena. Threat and risk of
anthropogenic situations. Synergetic nfiestiation of dangerous natural and anthropogenic processes. Biosocial threats

I danger of the diseases of natural origin, infectious, parasitic and other diseases of humans and farm animals; danger of
the spread of insecfs wood and crop pests, spread gifats. Organisation of prevention and elimination of the
consequences of emergency situations.

The following themes are to be includddyiaecodlhegiseal od
Ecological problems (in order of priority) tfie most vulnerable natural ecosystems. Components of ecological stability

and their assessment. Ecological condition of geological environment. Groundwater pollution. Air pollution in cities.
Quality of surface waters. Problem of eutrophication. Sangtate of water bodies, used as a source of drinking and
potable water supply. Soil degeneration. Heavy metals in soils. Radioactive contamination. Ecological functions of
soils. Reserve of humus in soils. Ecological functions of vegetation cover. hidegod fauna and flora. Forest
disruption. State of natural forage lands. Ecological condition of lands. Medaogical situation. Medicecological

zoning. Zoning in accordance with the degree of ecological tension. Environmentally friendly regroitariés)

(positive examples).

The final subsection fASustained territory devel opment
ANaturedo section the following maps are going tto be i
Habitats of rare and endangered species. Red Data Book of the Russian Federation and its subjects (soils, flora and
fauna). Natural areas of preferential protection. Development of ecological networks. Sustainable territory development.
Optimization of natural environment. Ecological monitoring. Ecological public organizations. Youth and children
public organization. International ecological organizations functioning on the territory of Greater Altai (Greenpeace,
WWEF, etc.). International cooperationthre sphere of nature protection.

The main aim of the AHIistoryd section is to reflect th
the present, provide the spatiotemporal information about the historic heritage of the regibistdri@al section will
include a series of coordinated maps showing the stages of settlement and territory development: the location of

primitive peopleds sites, habitats, the appearasce of
popul ation, units of historic heritage, archaeol ogical
travelers and scientists, other topics. The known extant cartographic works of the previous centuries are to be
consideredandinalded i nto the atlas [9]. The AHi storyo section

table of the most important dates and events connected with Greater Altai.

The ACultured section consi st s ohcultumldcerifageroftCseater dltaietheo f  wi
other to the modern culture. Culture is treated both as a social phenomenon and a part of social sphere. Cultural heritage
is one most of the significant modern resources which determine-esomimmic and socioduiral development of

Greater Altai on the international level. The maps of the section will be based on the-gagseformation and
knowledge about the regularities and peculiarities of spread and development of regional and national cultures,
ethnograhy and folklore elements; the existing interconnections and cooperation prospects in order to preserve and
restore the cultural environment of Greater Altai. The map will present the cultural and other monuments, general
national arts and crafts (wood, tak stone, glass working, weaving, knitting, etc.). The predawtculture includes the
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maps which show the activity of various culture institutiortbeatres, museums, libraries, archives, club institutions,
institutions of higher education in the spdef culture. It is also planned to make a block devoted to educational
tourism and excursions demonstrating how these objects of culture are used in the sphere of tourism.

The chosen and agreed map topics, as well as the subjects of sections anmbssheiicderve as a base for the atlas
structure, map arrangement, logical interrelation of the elements of maps.

The set aims of creation the atlas fAGreater Altai: na
research levels to eb solved: methodological (devising the concept, notions, choice of priority), scientific
methodological (design of the structure, programme of the atlas and individual maps, design and creation of GIS and
others), informational (homogeneity, simplicity avalidity) and structural (design and compilation of maps, formation

of the atlas), etc.

CONCLUSION

The creation of Sy amWeltoatlga®nof aAldt &iThe Atl as of Gr
preceded by the study and analydisnodern scientifianethodological and technological achievements of a number of
subjects (geography, biology, ecology, history, culturology, computer science, etc.) and cartography, also the usage of
the best Russian and foreign atlas cartographic w@ksiously, in the process of creating the two atlases aimed at
mapping Altai the principles of continuity, information supply, compatibility of data in the topics of the maps should be
observed.

The atlases are designed for a wide range of users, asasvelpplication in management, economic, scientific,
educational and public activities.
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Abstract

As a kind of effective spatial information express the combination of the Internet and map has created a new map
form that is Webmap. Geographic National Conditions Webmap is a primary application of Webmap, and it has
created some related map websites based on this. As a kind of information resdurdemet information, some
disadvantages still exist in the exploitation and application of map websites, and the disadvantages have obstructed the
further application of Map Resources. Therefore, how to exploit and apply Website Map Resources drasiepth
become the necessary research subject.

Keywords:Website Map Resources; exploitation; application; depth
1 INTRODUCTION

With the rapid development of modern information technology, the Internet has become one of the main tools and
media of informationdissemination, and it has a profound and extensive influence on many fields of development
including cartography. Internet is not just a carrier of map content dissemination, but also has become the main way to
distribute map[1l]. Some scholars believetthdue to largescale use of digital computing and Internet resources,
Cartography is in fAthe devel opment stage of the revolu
Webmap. As a new expression of spatial information, since the 1888=arch on the theory and technology of
Webmap has been developed in depth, and Geographic National Conditions Webmap is one of the main application of
Webmap. As a key role in Geographic National Conditions Websites, maps and Geographic Nationan€ondit
Websites have closely linked as an inseparable whole with the mutual promotion and development of both. On the one
hand, Geographic National Conditions Websites widened the map requirements in network market, enriched the content
and form of the map,made full use of the advantage of Internet resources, and interactively, openly, dynamically
integrated all kinds of information; On the other hand, maps have enhanced the application level of Geographic
National Conditions Websites to be a powerful témwl the government and common people. Some of the famous
related websites at home and abroad have launched their own map information and map services.

2 THE STATUS OF GEOGRAPHIC NATIONAL COND ITIONS WEBMAP APPLIC ATIONS

Although the content and form of theamis changing rapidly, as a visualization tool and expressions of geospatial
information, this essence has not changed. Map provides an effective tool of promotion, planning and travel for
government and common people as an effective carrier of Geoghdatiomal Conditions Information. In addition to

river network, habitation circumscription and other basic elements, Geographic National Conditions Webmap includes
traffic, weather, tourist attractions, health care, basic necessities of-tifenmerce ath other information. Currently,

there are as many as thousands of websites using Geographic National Conditions as a subject at home and abroad, bu
the levels are uneven and the exploitation and application of Website Map Resources advance cautioeisly in t
exploratory stage.
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2.1 The main features of the map resources in the exploitation and application of Geographic National
Conditions Website

(1) The type and format of the map is diverse. For example, Go2map website not only provide general map, but als
provide a mobile map, specific thematic maps(including traffic, diet, entertainment, etc.); There are both vector map
and image maps enriched the types of Geographic National Conditions Webmap and facilitated the use of government
and common people.

(2) Map contains a large amount of information. Geographic National Conditions Webmap is not just common map
information, but also involves a number of factors. Many related factors must be considered such as basic necessities of
life, weather, health care,cetWith the development of information society, maps show the trend of increasing the
amount of information.

(3) Peopleoriented. Considering the needs of different types of users, a corresponding demand for Geographic National
Conditions Webmap should lprovided. Users can distribute map and download according to the needs of different
topics.

2.2 The main drawbacks and disadvantages

(1) Geographic National Conditions Webmap Resourcessiaiaelly emphasis on the content of thematic information,

not fully realize the importance of Map Resources. The proportion of the latter is too low and it is inconsistent with its
own importance. By querying many common websites can find that the proportions of map resources are low, most of
common websites emphasis ommsospecial information attractions, some of them even does have a map.

(2) Map professional knowledge is insufficient, and lack of industry standard. The map has a strict mathematical
foundation, there is a rigorous theoretical and practical principletheofformation with their own development.
Meanwhile, as an industry, map also has its own industry standards. At present, a considerable number of webmap quite
lacking in this regard, it affecting the accurate expression of map information, and prorfdimgaition likely to cause
misunderstanding and misjudgment to the users.

(3) The depth of map development and application is not enough, lacking progress of map generalization. Today, many
webmap using a map of the main performance is: map zoom, roauiewy, targeting, transport routes display, map
downloads etc. From a practical demand, only those features were not enough, we must add some other features, such
as spatial analysis, network analysis, interactive plotting, etc.; when switching betwessntgcale maps, we have to

conduct a comprehensive map.

(4) The lack of a good map finishing, leading to poor surface configuration. Map not only has a scientific rigor, but also
has artistic features, a good map is also a work of art. Currently, maimyap are not pay attention to the harmony
drawing disposition effect, candédt attract the attentio

3 MEASURES TO SOLVE THE CURRENT PROBLEMS

For the above problems, it can be explained from the following aspects, as a counterrneeaslve these problems
correspondingly.

3.1 Increase the proportion of map resources in webmap

We should be targeted and selective when increase the proportion of map resources in webmap, there is no need to load
all the available data. Map espegydlhage has a great amount of data, load too much data will affect the running speed
of site. We should pay attention to the following points in the actual loading process:

(1) According to different the needs of topics, we can load different scalegediffgypes of maps. For example

weather forecast maps, satellite images, traffic roadmap, health emergency map, we should select an appropriate map
scal e, it canot be too | ar-gaditional data tgpes] thare amenopviouBdtencesma p d ¢
between columns, tables of data types, its structure should easy to incremental and update.

(2) In addition to vector map, you can also load the maps in other formats, such as imaggrichapap etc., in
particular, image maps, allowing usesshave a sense of immersive, users can greatly increase the interest in maps. In
this regard, Google Earth has done quite well, Its zooming, roaming, and calculating, places positioning and other
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functions based on the image are highly in the organizagffiniency and speed. You can refer to the way of Google
Earth to enhance the depth in the organization and application of image maps.

3.2 Improve map professional knowledge, properly handle the relationship between each layer
elements

Currently, in manywebmap, designers just put boundaries, tourist attractions, transportation, food and other various
elements displayed on the map, does not consider the primary and secondary resistance between different objects. Lack
of map professional knowledge. Thismminly about layers display and control, in the actual design you should pay
attention to the following points:

(1) Taking the needs of different themes and purposes into account, the design of the display and control of the layer
should be targeted. Foxample, the change of landuse, the user's main concern is the area around geographical features
conditions, the choice of the layer can be relatively simple, you can choose a few layers such as green, forest land and
so on, other layers should not be chgse

(2) Displaying and controlling layers has primary and secondary points. Due to the limited amount of map information
contained negative, the computer screen is relatively small, which is destined to carry out the purpose of the map
content selection,caording to the actual needs of users and the importance of primary and secondary attainment. The
interest to the user and the importance of layers decide the priority to display. Although vector map can seamlessly
connect and infinitely zoom, taking intaccount the visual impact of the human eye's ability to identify, screen
resolution, and a range of different map sheets and other factors, we should consider these important factors, when
designing the enlargement / reduction ratio of maps. The steps afduse to zoom in the drawing by clicking should

be no more than three times generally.

(3) The display and control of layers should be layered. Taking into account the human visual, psychological and color
factors, Geographic National Conditions Welssitd the different layers of information is not in the same level or
plane, at different levels, layered between the different elements.

Generally, the level increases with the surface sequentially, lines, points and other elements of the feature.
Transpaotation routes, water and green can be placed in a higher level, while the others can be placed in a relatively low
level.

3.3 Expand map function, develop and apply map resource from the depth and width

In today's fast development of the information stycithe needs of the type and quantity of information are increasing.

From the practical needs of a growing number of geographic national conditions, geographic national conditions
webmap resources provided in terms of functionality and content are rptedeeigh, we must expand the map
features, such as spatial analysis, interactive mapping, emergency route design, maps and integration. In the actual
design process, we should pay attention to:

(1) We should increase or enrich spatial statistical analysigtion, which lacks in map resource of the Geographic
National Conditions Websites. No matter government or management, there are requirements of the function. It
includes network analysis, adjacency analysis, buffer analysis, overlay analysis andypéiser For example,
government and common people can take advantage of wireless Internet to log Geographic National Conditions
Websites e through WAP phone for attractions within 1 km radius of the hotel, hospital, gas station information. You
can find a shematic diagram of these geographic locations, address, and telephone and other profile information on the
phone. Combining GPS global satellite positioning system, we can let common people know their location at any time,
and get some information assdeid with the near surface features through the phone. In addition, common people can
also use network analysis to select the most efficient path to reach a certain place. When there is an accident or sudden
emergency, we can evacuate along the route showigure 1.
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Figure 1 Choose the shortest path

(2) Increase the interactive graphics capability of network. With the expansion of internet and digital technology, the
concept of cartography in change. As more and more users access to a wealth atanap that they have more
opportunity to become mapmakers, and gradually add to the mapping process. Today, interactive, dynamic, cartography
met hods based on network multimedia have become an i
Interadive graphics is a personalized service offered to government and common people, easy to use, can stimulate
their interest in the use of Geographic National Conditions Webmap. Add the point, line and polygon feature elements
in the appropriate locationd network map, and the results can be saved or eliminated, which also a simple, effective
means as for the updates of map contents. Currently, only a few Geographic National Conditions Websites provides
interactive graphics capabilities, but most functionat y i s r el atively simpl e, l ess p
users of different levels. Map designers should take into account the characteristics of different personalized users,
strengthen and enhance these features. Can improve the abilitgrattive graphics through expand the ability of the

user to select and transmit data information [3].

(3) Design the emergency route. Some areas are prone to natural-orag@rncidents, such as public health, fire and
other disasters, resultinginwemw essary casualties and economic | osses.
reduce the impact and loss caused by the accident through the establishment of emergency function [4].

Because of more types of accident, accident prevention should farious types, mukscale, multifaceted. In this

process, the map has an important and unique role. Once the accident happened, users or government policy makers car
take advantage of wireless Internet phone queries the most convenient route foneyniafgemation, combined with

GPS, the use of remote sensing images and topographical information for effective resource schedule, to take
appropriate emergency action, minimize the loss caused by accident.

(4) Expand map information downloads. Currenthgny other Websites support on the map information to download,

but is largely based on the scope of the computer screen of the window to save gif or jpg and other image formats to
download map information. From the actual demand this approach is irentffithe function needs to be deepened.

For example, users can select the range from sheet in the map, this range may be rectangtiectangaolar fashion.

By setting different image resolution, creating legend, etc., flexible download map infarmétiin a selected range.

(5) Increase map generalization when switching map scale. Map generalization is process, which conversaaelarge

map into smakscale map and details are reduced, but main characteristics remain unchanged[5], todaynisah tech
problem. The essence of generalization is information conversion, object of conversion are geographic entities of
different levels. With the advent of higind microelectronic technology and digital geographic data products, the
appropriate map geraization approach designed to meet locatiased services (LBS), mobile GIS and schematic
maps application becomes necessary. The current ordina
long time to fundamentally solve this problebut adding some relatively simple map generalization function in the
actual design process is feasible, you can make up for deficiencies of map function in the website. In many layers
constitute the Geographic National Conditions Webmap, the map geagaali focuses on planar and linear
geographic entities, such as blocks, buildings and streets and roads etc. In map generalization for each geographic
entity, one must consider the entity itself, on the other hand, consider the relationship between exdlijfies[6].
Generalization results not only contain the entity itself, but also forms the new entity adjacency relationship.

201



5" Internaional Conference on Carthography and GIS
June 1520, 2014, Riviera, Bulgaria

3.4 Strengthen map decoration work

After a good map decoration, Geographic National Conditions Webmap can greatly attrac#drttion of the user's
interest and use, it is the beginning of successful website operators. In order to strengthen work in this aspect, you can
proceed to the design from the map theme interface, map symbols, annotation and color etc.

(1) In view ofthe map theme interface, we must first ensure that the map easy to use, overall coordination, design style
uniform, the main features at a glance. Some factors should take into account in the specific design, such as user's
habits, psychological and aedihefactors. Put the content of interest to the user and thematic information closely
related in the striking position on the map, l'inks sh
bigger, area occupied by some parts can be relatsrebiler, such as toolbars, layer control bar, status bar, etc. these
parts can also be hidden, dynamically displayed with the mouse moves.

(2) Map symbol is a map language predominantly graphical, used to a symbol reflecting the various objects and its
guantity, quality features on the map, is the carrier and core of drawing information[7]. Map annotation is a supplement
to the map symbols, to some extent, can be said to be part of map symbols. In terms of reading map, production,
information content and &amatically identify, excellent map symbols have a higher level. At present, the design of
map symbols have many shortcomings in many Geographic National Conditions Websites, such as unsightly, irrational
structure and lack of logic and coordination. Mgmbols design should pay attention to the following principles:

1) Try using simple geometric shapes, composed of the optimum number of elements in the form of
information structure. Compared to the paper map, the network map display area is lesse, degigth of map
symbol cannot too big. We should consider the factors of computer screen resolution and visual recognition to reflect
the difference between symbols.

2) Do not change the contour of symbolic structure element, only to change the collbret@nients to
constitute a new symbol.

3) To select the reference point in the symbol of the obvious local changes or geometric center.

4) The use of the structural elements can constitute a continuous structure, so that the different symbols of the
elements can be well connected.

5) The design of notes should consider location features, and the font, font size and arrangement be determined
with the purposes and used about the map to reflect the coordination. In addition, notes will be gland to eauth other
affect the reading of map content when more notes. In this case, you can set the note for dynamic display, for example,
can accord to the movement of the mouse position and successive.

(3) The first impression communicated to the user is color thrthegmap. It not only increases the hierarchy diagram,
but improves legibility and readability. When choosing the map color, mainly based on the factors of physiology and
psychology. Pay attention to the use of color:

1) As far as possible, we should compligh established practice to use the color in the map, such as blue said
water, green said green landscapes. If there is no special reason to change the practice of using color, will weaken the
transmission effect of map information, and make the usdusimn and even cause miscarriage of justice.

2) The color should be coordinated with the site as a whole, layering, to ensure the legibility and readability of
color symbols, and highlight the theme of Geographic National Conditions Website .

3) The seleted color type should not be too much, with a map using color generally not more than 5~6 kinds,
and different levels and types of elements should have sufficient sensitivity and contrast. Usually, can use red, green,
yellow, blue, purple and other sequerrepresents the importance of objects.

4 CONCLUSION

Geographic National Conditions Website resources is not only the category of cartography. It involves multi
disciplinary knowledge, and need the theory and technology of multi discipline integratiatesign a successful
Geographic National Conditions Website, must try our best to do more in the development and application of the map
resource, and to promote the map depth of development and application around the theme, using the network
technology. h addition, you should consider the important influence of some factors, such as user psychology,
aesthetic, diagram habits and other factors. The development of information technology change rapidly, new theory and
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new technology derive and emerge, toduee the corresponding radiation and role in promoting the development of
Geographic National Conditions Website. Designers should fully absorb the new technology and theory, mastery, new
features continue to develop map resources from the depth andetidthprand enhance the application level of
Geographic National Conditions Website.

hing House of Guangdong,1993.
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Abstract

A3 Edge, the newest model in the A3 familpyvigdes better image quality, greater efficiency, and higher GSD than
other A3 models. The A3 Edge camera provides a complete solution together with the A3 LightSpeed Processing
system. The lattemutomatically performs aerial triangulation and produceshophotos, stereo pairs and DSM from

all A3 cameras. As VisionMap customers take on larger and larger projects, A3 LightSpeed has to deal with an
incredibly large amount of imagerjt does so successfully, with the complete A3 Digital Mapping Systenmgnaibti

industry standards. In 2012, the A3 Digital Mapping System received the IFPs stamp of approval, as noted in IFP's
report, AVisionMapds A3 System obtained very satisfact

The next step fdrightSpeed will be introducing 3D modeling capabilities. In the last couple of years, the use of aerial
photogrammetry techniques to generate 3D models has become a popular trend in the geospatial industry. VisionMap's
A3 family is ideal for such 3D appétions, as it combines high resolution with a wide field of view.

This paper will review the applicability of data captured by A3 Edge for nationwide coverage orthophoto generation,
mapping and 3D modeling.

INTRODUCTION

VisionMap is one of the world leadein aerial survey equipment and software development for photogrammetry and
mapping. The company has developed and successfully implemented the new innovative aerial survey and mapping
system A3. The A3 aerial systems with LightSpeed ground processtegrspre used worldwide. Over the last four

years, more than thirty A3 systems have been delivered to customers.

In mid-2013, production of the newest camera model, A3 Edge, began. A3 Edge provides better image quality and
higher aerial survey productivity

In addition to the new camera model, in collaboration with the German company SOMAG, the new gyro stabilized

mount SOMAG VSM 500 was developed. The mount serves to further improve image quality and aerial survey
productivity.
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VisionMap is constantly wiing on the improvement of existing software and on new developments. Two new
versions of the main LightSpeed aralated programs were released in 2013. Additionally, two new programs were
developed. FlightViewer is designed for quick viewing of insageiring or immediately after the flight without
pretreatment, and TopoFlight is designed for more efficient and accurate planning of aerial survey flights.

A3 EDGE1 A NEW MODEL FROM VIS IONMAP
The new camera model, A3 Edge, is briefly characterized biplloeving parameters:

1 Ground resolution of 5 cm can be obtained from a height of 2,000 meters, and from a height of 10,000 m the
ground resolution is 25 cm,

1 Geodetic accuracy of the final products without control points and without GPS ground statiess var
between 20 50 cm depending on ground resolution,

91 Aerial survey productivity up to 11,000 sq.km per hour , depending on the altitude and the ground speed of
the aircratft,

1 Ground processing productivityup to 9,000 sq. km orthophoto per day depegdin the ground resolution
of the images,

I Automatic aerial survey and ground processing,

1 Virtually no need for field geodetic work.

The following table summarizes the main technical characteristics of the A3 and A3 Edge cameras.

Camera model A3 A3 Edge
Weight (kg) 38 42

Size (cm) 50*60*60 50*60*60
Focal length (mm) 300 300

Color RGB or RGB+NIR RGB andRGB+NIR
Color depth (bit) 12 12

Image motion compensation Yes Yes

Max FOV( A) 106 108
Vertical images Yes Yes
Oblique images Yes Yes
Pixel size (0) 9.0 7.4

CCD size (pixel) 4006 =~ 26 4864 x 3232
Image size (pixel) 62000 x 7900 78000 = 96§
Image volume (Mpixel) 480 718
On-board storage capacity (hour) 778 617
Operating temperatuie A ¢ ) -15-A55A -15-A55A
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The main differences and advantages of th&edA8e camera relative to the A3 model can be expressed as follows:

1 A new generation of CCD provides superior image quality,

1 Only a CCD builtin electronic shutter is used,

1 The high resolution CCD may improve ground resolution from a given flight altitudaprove the image
quality,

1 The maximum offnadir angle for high ground resolution-§3cm) and sufficiently high ground speed is
increased up to 54 degrees,

1 Improved image stabilization during rotation of the telescopes improves image quality.

The following are examples of high quality images in different spectral bands. The first is a common color image
(RGB), the second is an infrared image (NIR, in gray colors) and the third is a color infrared imagery (CIR). The first
two pictures are images of tharse part of the Earth's surface and received simultaneously by two telescopes of the A3
system in different parts of the spectrum. The third image is a composite of the first two.

Example 1 RGB image.
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Example 3 CIR image.

The above images were obtained by the A3 Edge camera from a flight altitude of 2,225 m with a ground resolution of
5.5cm.

207



5" Interndgional Conference on Carthography and GIS
June 1520, 2014, Riviera, Bulgaria

A3 EDGE T THE HIGHEST AERIAL S URVEY PRODUCTIVITY
All cameras in the A3 family mapping systems are characterized by very highsaeviey productivity.

The following table presents the parameters and the productivity of aerial survey for A3 EDGE camera and aircraft
King Air B350.

Orthophoto ground resolution (cm) 5 10 15 20 25
Image GSD (cm) 4.17 8.33 12.50 16.67 | 20.83
Altitude (m) 1,700 | 3,300 | 5,000 6,700 | 8,400
Ground speed (km/hour) 300 370 430 535 535
RGB Permissible orthophoto angl&fdeg) 25 45 65 65 65
Distance between flight liens (m) 700 2,600 6,100 8,200 | 10,200
Aerial survey productivity (sq.km/hour) 210 985 2,600 4,300 | 5,400
Ground speed (km/hour) 240 300 315 400 480
RGB+NIR Permissible orthophoto angl&fdeq) 15 25 38 42 44
Distance between flight liens (m) 420 1,400 3,300 4,900 6,500
Aerial survey productivity (sq.km/hour) 100 420 1,000 2,000 3,100

These parameters are calculated for KingAir B350 with acceptable flight altitude of 9,000 m and a cruising speed of
536 km/ hour. Increasing the altitude and the speed, will also increase the aerial survey productivity.

For GSD=1%25cmtheperins si bl e ort hophoto angle of 65A was used f

It should be noted that such angle corresponds to 20% of the side overlap for standard analog cameras like RC30 with a
focal length of 150 mm. Also, for the calcudats, the forward overlap of 55% and the side overlap more than 55%
were used. This aerial survey productivity was calculated for the A3 Edge camera with gyro stabilizetheawide

field of view angle of the camera and, subsequently, its impacteoadhal survey coverage on the ground, can be
represented as follows:
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The illustration above shows that at the maximum opening of the field of view angle, the aerial survey productivity of
the A3 Edge is several times greater than that of all othelt aeri®y cameras.

AN EXAMPLE: MAPPING BULGARIAWITH ¢ 3 EDGE

Suppose that our goal is to create color orthophoto coverage with ground resolution of 25 cm over the entire territory of
Bulgaria. At our disposal is one A3 Edge camera with the LightSpeed gproodssing systemand an aircrafthat
can fly at an altitude of 9,000 m with ground speed of 370 km/hour.

The following picture presents a real flight plan for the implementation of such a project. This project is designed using
the flight planning ppgram TopoFlight, and with the following parameters:

Flight altitude - 8,800m,

Ground speed 370 km/h,

Total area ofhe orthophotoe 112,500 sg.km, which corresponds to the entire arBailgfaria,
GSD-21cm.

=A =4 =8 =4

FNGoogle

After the flight planning calculans, the following results were obtained: To cover the whole territory of Bulgaria by
aerial survey using the A3 Edge camera, 44 flight lines and 33 hours of flight time are needed. Assuming the duration of
5 hours for a flight day, only-8 flight days vill be needed to cover the entire territory of Bulgaria.

The LightSpeed ground processing system is used for automatic image processing. The system automatically performs
the following processes: aerial triangulation and adjustment, DSM (digital surfagel)nooeation and orthophoto
production.

The system provides very high processing productivity. For example, processing all the images resulting from this
aerial survey flight and producing the final products in the form of color orthophoto with a r@sat25 cm for the

entire country will require a total of 18 days of automatic system operation. This result suggests a ready DEM (digital
elevation model). If the DTM's creation is also necessary, the automatic operation of the system will incregése by 30
to 27 days.
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CONCLUSION

The introduced system includes the A3 Edge digital mapping aerial camera and LightSpeed ground processing system.
The main advantages of the system are:

il

=A =4 =4 -4 -4 -4

The highest aerial survey productivity, expressed in tens thousands of kijpieueters of aerial survey a

day,

The highest ground processing productivity, expressed in thousands of square kilometers orthophoto a day,
High automation of all processes,

The ability to obtain vertical and oblique images by a single camera in ohg flig

Light weight and small dimensions of the camera allow its use on virtually any type of the aircraft,

High ground sample distance from high flight altitude,

A variety of shooting techniques makes this system universal and indispensable for mappigg afdas,

and for building 3D models of cities.
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Abstract
Labels are a basic map componespecially with the increase use of multilingual maps. This papsn sttempt to
provide empirical evidence of usersd preference regar

were implemented in online tests. The first test included maps with Latin labels which were presented to Dutch
speakers. Whereathe second test included maps with Cyrillic labels which were presented to Bulgarian speakers.
Both tests had identical maps apart from the labels. For each test, a trail of screen maps was presented to users in twos

(or threes); where users expressee thr preference of |l abel sé design by <c
Label sé6 design included variations regarding | abelsd s
both areal and point data. Results were statistically analys®e comparisons were made. The comparison between the

applications of designds parameters on | abels attribu

labelling Latin and Cyrillic maps, for both monolingual and multilingual maps. Difierens and si mi | ari ti
preference were located between both typography (Latin and Cyrillic). To produce user friendly screen maps, these
results shows that both designs can use identical parameters and indicated the need to elaborate on testirly use
preference of | abelsd design parameters, considering d

1. INTRODUCTION

Worldwide, maps are the language of geography, since all the geographical phenomena and features can be representec
bymaps{ ypographi c, t hemati c, cadastral éetc. ). Neverthel e
for the map users to accomplish map readability and pc¢
shall be understandable for magers. Users find reading maps so difficult when they had to use maps with languages
that they don6t frequently read, or even | abegMaaygre s t h e
2010). Although map symbology is universal and thegigteis unified over most map types, map designers shall take

into account typographic design rules to provide the highest level of legibility. Bertin defined seven visual variable
1970; size, shape, value, colour, orientation, texture, and X,Y posit@ce(pent), which were the basic principles of
cartographic design and they were employed in many of the cartographic work. The earliest studies of typographic
legibility on maps were presented by Bratz (1970a, 1970b). Since then, few studies tackledbititg aistypographic

designs on maps to provide better legibility. Li ke Phi
shape and case styl e, using eye tracking t ec hgraphia e . De
design taking into account di fferent usersbd6 categori e

studied the efficiency of the typographic design using
they dfferentiated between two categories of users considering their expertise and gender. All the mentioned studies
considered Latin as a language of the map. Nevertheless, it shall not be neglected that many maps are designed with
different lettering systemsSome lettering systems are symbolic like Chinese, Japanese, Korean; other systems are
composed of letters of different characteristic. For example; some systems are written from write to left (Arabic and
Hebrew) and many others are written from left fghti However, this paper tackles two of the most used lettering
systems. Latin and Cyrillic lettering systems use within maps are studied preference wise. Therefore, two parallel
experiments were presented to map users to test their preference towaygsdhaphic design as it will be explained

in the next section.

2. STUDY DESIGN
2.1. Apparatus

Two parallel controlled experiments were on line conducted. The first experiment was conducted in The Department of
Geography laboratory, Ghent University, GheBelgium. The second experimamas conducted in Theepartment of
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Photogrammetry and Cartography labratory, University of Architecture, Civil Engineering and Geodesy, Sofia,
Bulgaria The stimuli were displayed ond44nch scr eens ( 1 &i8raté: 600Hz)0Thefirskespersment r e f r
is called The Latin test, where maps6é typography were
who their mot her tongue is Dutch. The s ecypoglaphg waser i me
depicted in Cyrillic and the interviewee were Bulgarian speakers, who speak Bulgarian as a mother tongue.

2.2. Participants

Two groups of users participated in the study. First group followed the Latin test. This group consisted of 50
homogerous Dutch speakers; 25 experts who were in daily contact with maps and they had obtained a Master degree
of geographical sciences, and 25 novices who had just started their cartographic education and thus they had no
previous cartographic training. Thecead group followed the Cyrillic test. It is consisted of 50 Bulgarian speakers.
Similarly to the Latin test group, the group consist of 25 experts and 25 novices.

2.3. Maps and typographic design

Bertinés visual var i abl eesthewypographiadesigd. BathsLatip and @ynilléic typographyt o ¢
used the same variablgsar al | el | y. Four of Bertinsd variables wer
orientation, and texture. Four consecutive sizes (8, 10, 12, and 14) were apdibels. In addition to that, bold sizes

were added to these sizes (8 bold, 10 bold, 12 bold, and 14 bold). Typographic shape is linked directly to font types
which are infinitive, nevertheless, both Latin and Cyrillic can be classified as serif amdes#n The orientation of

labels was studied in two level; firstly, the orientation of the letters within the world (Italic versus normal). Secondly,

the orientation of the whole world in relation to the labeled featur shape. The hierarchy of lakeiesented by
Labelsbé texture. Table 1 shows examples of how the vi:
point data were depicted in the test maps. When the tw
were preerved and both the typography and the letter system (Latin versus Cyrillic) has changed along the maps.
Labelsé names were designed carfully providing two con
the number of the used lettemsgre preserved similarly, and secondly, all the nemes were fictive to prevent any

influence of usersdé previous knowledg on the collected
Tablel: Bertinds variables on text

Variable Latin Cyrillic

Size Normal | Cartography KapTtorpadusa
Cartography KapTtorpadus
Cartography KapTtorpacua

Bold Cartography KapTtorpadus

Cartography Kaprtorpadmsa
Cartography Kaptorpacusa

Shape Cartography KapTorpadus

Kaptorpadna

Cartography

Orientation Cartography Kaptorpacus

Within the world Kapmoepaghusi
Cartography

Orientation Cartography KapTtorpadms

Of the world hy ¢u’
cartog""’ KaprorP2

Texture Cartography KapTtorpadua
Cartography Kaprorpadusa
Cartography Kaptorpachus

2.4. stimuli, task and procedure

Using Limesurvey, screen maps were presented to users. Two identical stimuli design were conducted, each of which
had a sole difference of the typographic system design. The first stimuli introduced maps with Latin lettering design,
and the second one introduced majith Cyrillic lettering design. Two or three maps were presented to the participant

212



5" Internaional Conference on Carthography and GIS
June 1520, 2014, Riviera, Bulgaria

simultaneously for each view during the test trail. Interviewees had to choose one of the presented maps as their
preferred map and thus their preferred typographic de€igoe the interviewee chose his/her preferred map, the record
will be registered in the database. The sum of records for each variable is a weight which will represent the strength of
this variable in the analysis. A ptest questioner was presented ltoparticipants before they started the test. The
guestionnaire i
frequency of using maps, and education.

2.5. Data and recordings

nvest.

gate

participantsé

characteristi

Two datasets redted from both stimuli. One data set is related to the Latin test and the other is related to the Cyrillic
test. All records were online collected and automatically stored in a data base. The records were classified into groups

coherently with their repented visual variable. From each data set the parallel records were compared and statistically

analyzed.

3. RESULTS AND DISCUSSION

3.1 Size

Arial font was applied on both Latin and Cyrillic lettering system. Maps were presented at the scale of 1/1801600. T
preference

2 shows

bet ween

user sbo

of

(

nor mal

typographic
comparison with sizes 8, 10, and 12. The result is valid for both Latin and Cyrillic. Both lettering system showed
similar trend wien sizes were pair wais compared. In addition to that, this comparison showed no significant difference
useP=0®00pr eference

Table 2: typographic size comparison for both Latin and Cyrillic (vertical versus horizontal).

Latin 8 10 12 14 Cyrillic 8 10 12 14
8 23 31 35 8 27 34 42
10 27 39 46 10 23 40 47
12 19 11 44 12 16 10 45
14 15 4 6 14 8 3 5
Bold sizes were compared pair wise with nor mal

small fluctuation in the Cyrillicrend appeared between size 10 and size 12. On the other hand, the vice versa trend

occurred for normal design.
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Figure 1: both bold and normal size comparison for Latin and Cyrillic designs.
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3.2 Shape
Since letter system shapesd6 are | inked directly to 1|e
di fferent categories; hi storical, a un tard nCyrillie shapesacantbe st i ¢

classified as serif and sans serif. In this paper Arial font was chosen as representative for sans serif font (Figure 2) and
Ti mes New Roman as a representative for serQyfilicfesint . T
results in shape comparison, but it worth mentioning that this diversion in the average trend is not significantly different
(F= 0.810, P= 0.463 See Figure 3. The results show more coherent influence of serif design over both Latin and
Cyrillic.

It is not obvious what kind of influence could shape carry on both lettering system preference wise, therefore, further
experiment shall be conducted to cover all shape categories in view point of each lettering system characteristics.
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Figure 2: the application of Arial shape on both Latin and Cyrillic lettering system.
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Figure 3: sans serif and serif comparison for Latin and Cyrillic designs.
3.3 Orientation

The orientation of labels was studied in two phases. The first phase tackled tretioriesftthe letters within the world
(italic versus normal). And the second phase tackled the overall orientation of label in relation to the depicted feature.
Figure 5 shows examples of the overall label orientation.

When italic labels were compared wistraight labels, four sizes were engaged in this comparison (size 8, size 10,
sizel2, and size 14). Straight label designs were preferred over italic label design along the four tested sizes. The
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comparison between the lettering systems showed no sigmifiifference between Latin and CyrilliE< 4.528, P=

0.077.
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_—.Z

-
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Cyrillic straight

Latin straight

Cyrillic italic

Latin italic

Figure 4. the application of the overall label orientation on both Latin and Cyrillic lettering system.

Three basic orientation of the overall orientation were studied; horizontal |adedadion when all labels were placed
in horizontal manner, tilted orientation when labels were placed in regard to the depicted feature shape, and finally
mixed orientation which combines the two previously mentioned orientation. See Figure 5. Theiamieft@abels

showed no significant difference between Latin and Cyrilic 0.005, P= 0.94% . Similar trend of
for both lettering system, occurred and illustrated in Figure 6.
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Figure 5: the application of the overall label orieritat on both Latin and Cyrillic lettering system.
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Figure 6: Usersdé preference of Label orientation

3.4 Textur

Textur was formed by the combination of two variable at least. Hirarical texture involves diffgregtaphical sizes.

This paper compares two shapes (serif versus sans serif within hierarical textur) and waight size (bold versus normal
within hiererical texture). The first tested textural design was formed by the combination of three hierari¢aizgizes

12, size 10, size 8) and two shapes (Arial versus Times New Roman). The second tested texture design was formed by
the combination of three hierarical sizes (size 12, size 10, size 8) and the size waight (hormal versus bold).

The first textural comgrision (illustrated in Figure 7) describes users preference when sans serif font (Arial) and serif
font (Times New Roman) were presented in Hirarical way. This comparision was made in two phase; first normal sizes
were compared, then bold size was addethe comparision. Simmilar trend appeared in the comparision between
Arial and Times New Roman. Texture with sans serif font is more prefered than texture with serif font for both Latin
and Cyrillic and in both normal and bold design.

The second texturalomparision (illustrated in Figure 8) describes users preference when normal size and bold size
were presented in Hirarical way. This comparision was also made in two phase; first normal sizes were compared with
bold sizes for Arial font, then normal sizeere compared with bold sizes for Times New Roman font. On the one
hand, Texture of Cyrillic showed similar trend for both sans serif and serif font as users prefered texture of normal sizes
over texture with bold sizes. On the other hand, Texture ofi ldii not show similar trend; users preference of normal

and bold size were almost the same with sans serif. But with serif font users preference of hieghrarical textur was higher
for bold size.
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i i —_— |
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4. CONCLUSION AND FUTURE WORK

Usersd preference of the visual v gypodraphy|skeowedl similprgrénd ofat i o r
most variables. In addition to that, no significant difference was found between Latin and Cyrillic design. Therefore, for
either monolingual or multilingual map design, which combines Latin and Cyrillic label, vistimibles can be applied
similarly and parallely for both Il ettering systems. F
preference of label design is similar for both Latin and Cyrillic labels. Thus, Designing Latin and/or Cyrillic maps
implies adjusting label design to the same level of visual variables parameters. Notwithstanding that this study is a
comparison between the results of two parallel tests. An additional test shall be conducted to test whether the same rules
can be appliednto multilingual maps.
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Abstract

The third revolution in the commication of geospatial information is currently underway. It involves the delivery of

highly functional and interactive digital cartographic products with their associated content to mobile users in an easily
portable format. The process itself employsrent technologies, which are still evolving and wireless cartographic
services, which utilize the mobile Internet and the location of handheld devices. The main question would be how to
improve the usefulness with which geospatial information communioategh mLBS applications? This research has
several objectives: presentation and interaction techrt
navigation software, to trial and assess the effectiveness of a UCD methodology for improusefuheess of mLBS
applications and to make general recommendations for better efficiency and usefulness of mLBS applications.

INTRODUCTION

Location Based Services (LBSLocation Based Services) available on smartphones and occasionally on handheld
devices are becoming increasingly widespread and popular nowadays. There is a growing number of users with access
to geoinformation on their mobile devices. They use them to get answers to positibtnat ed questi ons su
the nearest AdM?PecanoninWeiadbk me to home?0 Despite the
at which they are becoming available reflects a design trend in general industry, driven by the technology rather than
the needs of end users, whereby the usability efces often suffering.

The research group at the Faculty of Geodesy will try to develop different methods of presenting user interface by using
the Location Based Services technology, -wadahthedoaesieghn
method of developing user computer systems, which puts the user into the centre of design and development, so that the
final product is simple to use.

Basic principles are already being successfully applied in different measures in the research cdpplid¢afons,

including the abovenentioned research, which deals with the design and evaluation of the entire structure of systems
for individual users. During the process of evaluation and testing the named systems, users should make sure that they
will be able to use them with ease, as most of them are laymen, thatéxpeots. For the needs of the research, such
models were defined through visual representations.

The primary aim of this research is the application of design techniques to ackiessisfaction of user needs for a
geographical representation of greater usability in Location Based Services. We hope that the results and suggestions
will contribute to the development and improvement of Location Based Services through a useful dnendger

graphic interface, catering to the needs of the widest range of regarding orientation. In order to reach the goal, several
basic questions about usability regarding the use of mLBS applications had to be asked:

1. What geoinformation do users geriraeed to use mLBS applications (those most frequently used)?

2. What are the geospatial goals and tasks of mLBS application users?

3. What kinds of cartographic depiction and interaction do users consider inapplicable, and which do they
consider applicablera useful?

The paper describes the first phase of the research of user profiles for handheld devices, the efficiency of handheld
devices in situations related to travel and tourism, most frequently used applications etc. Special attention was given to
the evaluation of user satisfaction with the graphical interface of these applications, as well as their efficiency in full
mobile locatiorbased services surroundings. For that purpose, a target group was defined, which consisted of all
average people travilh occasionally as tourists to unfamiliar areas in their homeland or abroad. They participated in a
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survey composed both in English and in Croatian. The results have revealed user habits, their technological skills and
abilities, task experiences, frequgrof travelling and psychological features, such as attitude and motivation. Results
analysis has described the problems users face when using applications for tourists, used for navigation and searching
geospatial information, as well as the problemshef user perception of requested information. The classification of

user profiles in different categories gives an interesting pattern of users, based on their general needs and variations
within each category. Generally, holideslated travel (i.e. towsm) is largely characterised as carrying out tasks in
pursuit of goal s, wi t hout the need or presence of rif
6experienced a new |l ocation, which maaynumberogfihiphevel tabks t t | e
and associated goals that can be attributed to the use of geospatial information in mobile environments and for tourism
in particular, which were expected to be relevant to the target user population.

PROBLEMS

The usability 6 applications on handheld devices by different users and in different contexts has mostly been directed
towards cartographic research and mLBS research (Krug, Mountain & Phan 2003). A research on HCI interaction
between computers and people is being cotatl with similar intensity. However, the efforts to provide actual
improvements have so far been limited to the usability of basic geoinformation through mLBS applications. The
emphasis has always been on the availability of basic geospatial informlaising the issues of the usability of
interactive techniques included in the process untackled. On the other side, some cartographers have focused on the
design and development of certain isolated visualization forms, i.e. most displays include megist tasass in
orientation and navigation. The interface should enable the user to focus on the task needed to be done and intuitive
performance. User interface is a Awindowo through whic

This project focuses on the usabildf the complete cartographical user interface of applications, i.e. the components
specially connected to access and display (visualization), as wallthe interaction with geospatial information. The
cartographic services in mLBS applications providiByrmation about traffic, navigation, cartographic content etc.
Information about the traffic inform users of current traffic conditions in their current location and vicinity, such as
traffic accidents and jams. mLBS applications can calculate the sheoaegte to avoid all occurring problems.
Cartographic service helps users to choose the optimal route for reaching thadéséindtion. Maps on mobile devices

enable users to know their current position at any point and to view digital maps of anydocat on t he Ear t h
In comparison to traditional maps, online maps, if distributed directly from the database, can providecrgsw

(Kraak, Brown, 2001.Dther advantages of mLBS service are that it gives detailed information about ther\iveathe

local area and the locations of certain services and objects (POI).

There are many instructions for designing Uls (user interfaces), varying from general qudifieies et all 1991}

very detailed and specific ones, but most of them dealhvaithto modify them for desktop computers (Shneiderman &
Plaisant 2005; Liu 1997; Nielsen & Molich 1990; Hoh & Thomas 2000). Numerous researchers have tried to summarise
them into a few categories of us abi lyapplicable and 16ng lals @ W in y @
(Shneiderman & Plaisant 2005), while still remaining adjusted to designers and programmers (Nielsen & Molich 1990).
The most remarkable ones are Donald Norman with his seven principles of designing everyday things (Ndman 199
Ben Shneiderman with his eight golden rules of interface design( Shneiderman & Plaisant 2005), and Jakob Nielsen
giving his ten usability heuristics for user interface design (Nielsen 1993). Each of them proposes design solutions
based on a similar coapt of desigrfNorman & Draper 1986).

METHODOLOGY

The methods of the research were surveys and interviews. This paper will present the results of the survey used for
determining the profiles of the users of handheld devices. The methods used focusedsar.thisecentred design

(UCD) is a design approach based on the information about the users who will be using the product (Jokela et all 2003).
UCD processes focus on the users through planning, design and product development processes (Forakeb2014).
works on three basic principles:

1. Understanding the needs and requirements of users
2. Empirical testing of product usability by the user
3. lterative or cyclical process of design or evaluation(Gould & Lewis 1985)

The process of analysis design and implesugon developed iteratively, as repeated actions, which led to the end goal

and satisfied users (Figure 1). The feedback on the usability can only be obtained from the users who use the system.
Optimally, the usability should be analysed and enhancedghoat the whole existence of an application. The users

were asked about their habits of using handheld devices and using navigation as tourists, as well as about their levels of
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spatial orientation and intuitive using of the device and its softwareatt ii®rative process with a repetitive work until
aim achievement is fulfilled (Figure 1).

USER, TASK AND
INTERFACE SURROUNDINGS
EVALUATION AMNALYSIS

N
)

IMPLEMENTATION INTERFACE DESIGN

Figure 1. Process of analysis, design and implementation of the user interface
USERS AND THEIR PURPOSE OF USING NAVIGATION

Whenever a research includes a widaegeaof users, it makes the attempt of understanding the requirements, everyday
situations and navigation tasks that are dealt with through mLBS applications more complicated. The process of
profiling users focuses on defining the characteristics of tlyettarser population. Therefore, it is necessary to define

the following (Mayhew 1999):

1. the user population comprised of easers

2. the description of the target user group by the following characteristics: phgsioalgraphical
characteristics, vision prtgms, knowledge and experience, spatial and technological skills, problem solution
skills

3. goal and task (travelling frequency, problem structure)

4. psychological characteristics (attitude and motivation)

Getting familiar with users is crucial for the desigherefore, the representative group to be surveyed has to be
carefully selected. The general population uses numerous potential mLBS applications, and people among them are
mostly nonexperts (due to the lack of formal knowledge, experience in usingcapplis and/or using geospatial
information). In order to get a better definition and an optimal size of the target group, the survey focused on a specific
field of applying mLBS. This project deals with a population of tourists, with whom previous anhbge dealt in the

past (Gupan 2008). Tourist information covers a wide s
they are located in space and time and often connect other similar objects on the cartographic depiction. The analysis
starts from the conclusion that today tourists often use smartphones and tablets with mLBS applications in the form of
navigation applications made for cars or pedestrians. It is assumed that people avoid wasting time on finding and testing
the applicatio most suitable for their needs, which is usually the one providing all the answers to geospatial
information and tasks. The combination of user requirements and goals of PDA navigation composed from several
sources is shown ifiable 1,where multiple conections between goals and requirements are represented with symbols
and colours.
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Table 1- Usual navigation requirements and goals of tourist travellers in unknown areadHunolstein & Zipf 2003;
Infopolis2 1999; Brown & Chalmers 2003; ReichenbacHzp4}.

Goal Task(s)
Orientation Localisation
Proximity
Themes
Overview Localisation
Proximity
Events
Navigation Localisation
Proximity
Wayfinding
Exploration Wayfinding
Events
Themes
Planning Wayfinding
Events
Self- Wayfinding
Information Idenufication
discovery

Description

Determine own position

Determine distances und
directions to specific objects or
persons

Determine position of object
groups

Recognise own position
within local area

Determine distances to
interest

Identify isolated

Recognise own position along
route

Determine distance and
direction to destination

Route from point A to point B

Follow an undefined route

Identify time-critical
phenomena

Determine available
local area
Pre-define a route to follow

Identify time-dependent
activities / occurrences

Follow a personalised tour
learn more about the town,
Recognise objects of interest
and identify related attributes

Example(s)
Where am 17

Where’s the closest bus stop? ~ In
what direction is the hotel?

Where are all the restaurants from
here?
What's around me?

How far away are the multiple items of
amenities I will need?

Are there any road closures occurrences in
local area along my route?
Where am | on the map?

How far to go until | reach the
concert hall?
How do | get back to my hotel?

What will 1 see if | drive east”?

Are there any festivals on
while I'm here?

What water sports can | do activities within
while I'm here?

| want to see these attractions
today ...

When does the museum open?
What time does friend arrive?

I'll walk the “heritage trail” to education

What is there to see and do?
What is the best way to get there?

The goals listed in the first column Trable 1can be classified in three basic levels of time characteristic to travilling
the time before the travel, the duration of the travel and the time after the travel.

SURVEY

In order to obtain a bettéernsi ght and to reach conclusions about the
navigation, we have undertaken a survey in the form of an online questionnaire in English and Croatian among the
residents of the Republic of Croatia and the EU.

Survey methodology is a method of using questionnaires to examine and collect data, information, attitudes and
opinions on the subject of a research (Zelenika 2000,
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answers to questionsregard g f ami | i ar facts or their personal opi ni
conducted not only among professional geodesists and cartographers, but also among people of various age groups and
professions. The wide spectrum of the populatarnveyed provided as objective results as possible. The aim was to
obtain a proper insight into the interaction of users with cartographic interfaces for mobile navigation.

The importance of a survey grows with the number of honest responses. (Nardit280&)method in which new
empirical facts are systematically connected to verif:
important part of any research. (Lavrakas 2008)

Pieces of information from survey analysis can expose existiolglgms, deficiencies and oversighBY{r ny ei , &
Taguchi 2010), which researchers, as well as any other person responsible for the interface design, might not have been
aware of during the process of development. Surveys also serve to determine thieusetlloess and functionality of

user interfaces and help in finding a way to improve them.

Ever since the ®century, surveys have been the most widespread method in scientific research. In a more narrow

meani ng, t he wor d # s wcesserywhichsthiegarticipante esponuénts) are lyieen @ certain
number of written or oral questions, which are answered orally or in writing and then analysed by quantity, quality or
causality (Zvonarevil 1976) .

The research f oc usaebdr ooand 6t hteussredddhetarget Bigecgroagnofirespondents was based
on the perceivedpplicability of travelling habitsin order to limit the scope of the research. Travelling habits are
usually connected to holidaglated activity.

The appliedaea of i nteresgtelian\wdldév & d ad raskdrsi wdranydquiradsto rentemliier, theie n d
trips to distant, often unfamiliar locations, which they took on a regular basis (e.g. annually). People who travelled
regularly were more likely toirid use in mLBS than those who travelled from time to tithevas anticipated that

mLBS in travels would be of major benefit for navigation tasks, predominantly in overland travels (i.e. not by air), en
route to a destination; this would be most usefuemvithe users travel overland (e.g. by c&®@nerally, time poor

mLBS applications are intended for saving people time during common activities; hence, it was likely -insgrend
would be people who generally embrace timesaving resources.

The invitation for participating in the questionnaire or the survey is available at
http://www?2.geof.unizg.hr/~rzupan/poziv.hitwe invite all people of good will to join oursearch via web poll. We

are lookirg for people between 15 and 60 years of age who travel regularly (e.g. by car, motorcycle, bicycle or
pedestrians), visit unknown areas and various destinations as tourists, and can help us by providing a variety of
information related to these activitidyou believe that you potentially meet these criteria and have previously used a
smartphone for spatial navigation, feel free to take part in our survey. In the first stage, the participation involves
completing an online questionnaire regarding yoaveting habits, use of spatial information during the travelling, as

well as your technological and spatial experience. This questionnaire takes about 20 minutes to complete, and you can
access it online at any time. We wish to encourage our respondesttstinue the cooperation in the second stage of

this research in the form of a short interview for those who willingly leave their contact details. You are not obligated to
participate in the further research.The survey can be found at http://esurv.org/online
survey.php?surveylD=OCDEKM_ 29581021

After defining target users, which is typically performed through social surveys (Mayhew 1999) the survey was
conducted online. Accordinto Aldridge & Levine (2001), questions in a questionnaire should be designed with the
help of #fAsociological i magi nat i on searclingandtsaliant to redpangenta r e
who will then be more likely to answer trutitify and as completely as possible. Furthermore, the language used must

be simple and unambiguous, with explicit clarifications and examples provided, where appropriatenduen
qguestions should be employed sparingly, in order to introduce varietit, relievant information, encourage the
expression of individual points of view, prompt new and unexpected ideas, and generate illustrative quotations. De
Vaus (1995) provides a simple checklist to avoid problems with the wording of specific questions.

After having created the draft of the questionnaire with thevaxkers on the project, the questions were discussed,
some of them were reformulated, and the survey was formed before putting it on the Web for pilot testing. Pilot testing
of questionnaires isomducted for a number of reasons. In terms of quantitative surveys, the main purpose is to assess
the statistical reliability and validity of the indicators incorporated into the questionnaire (de Vaus 1995). We
considered various types of criteria durihg process of testing, e.g. variation, meaning, redundancyresponsive,

flow, timing, respondent interest and attention. Pilot testing along with all revisions was completed after three iterations.
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The distribution was within differentmail databasein Croatia, Slovenia, and the rest of the EU. We provided the poll
invitation in Croatian and English language, with URL links for the same poll in both languages. Taking the poll
required twenty minutes. Participation in the poll was voluntary.

The surey was divided in several sections witle fuestions referring to their respective topics. These were:

Section A containeeneral InformationClosed questions, relating to participant demographics and experiences with
geospatial information, designem gather attributéype data.

In Section B, the topics werdser Travel Habitsformed with closed questions designed to gather behatypar
information relating to participants with recent holidagsed travel activities.

Section C containedravel Infomation with closed and opeended questi ons, relating
geospatial information while travelling on holidays, designed to gather behaypridata.

Section D comprised questions regardimgationBased Travel Needsith closed and penended questions designed
to gather attitudé¢ ype i nformation about participants® needs/ pr
travelling on holidays.

Section E dealt withMobile Phone and Computer Skillsith closed and opeanded questionselating to the

participants6 current use of mobi | e - fpdhaviowe and atitudeype o mp u t
data.

Section F waommentas anopee nded question designed to gather any
to offer relating to the questionnaireds s u-bhelmdoyr mat t e
and/or attitudetlype data.

Section G withContact Detailswas an optional section giving users with the opportunity to particfpetteer in the
research.

RESULTS

The results and conclusions can be divided to deter min
user p rieehch ofevhiah €@né into play during the use and learning of a final prodackdgkl & Redish
1998).

Basic results of users profile are shown from figure 2 to figure 4.

Your gender?
Response (% Response

M 63.02 121
G 36.9¢ 71
Answered Questic 192

Skipped Questic 0

Figure 2. Percentage of survey respondents gender

Your age?
_ Response (% Response
<18 § 1.04 2
18-24 76.5¢€ 147
2530 11.4¢ 22
31-40s 4.17 8
41-50% 2.6C 5
>50 B 4.17 8
Answered Questic 192
Skipped Questic 0

Figure 3. Age range of the survey respondents
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Level of qualification?

Re(soz;)nseResponse
I lower qualifications (unqualified) 0.0C 0
Il lower qualifications (elementary 052 1
school)
[ll secondary education (degree of
professional training of qualified = 2.17 4
worker) B
IV Secondary education {ear school)f 1.0¢ 2
V Secondary education{#ear school) 65.7¢ 121
VI Associate degree e 11.41 21
VII/1. Bachelor's degree — 10.87 2C
VII/2. Master's degree | N 3.2¢ 6
VIII Doctoral degree or PhD - 4.8¢ 9
Answered Questic 184
Skipped Questic 8

Figure 4 Percentage of the level of qualification.

In particular, studies have shown that men have distinct advantages over women, considering their abilities of
orientation and understanding spatial relations (important for map reading and route plannintihgtasgatial

vi sualisation/ ment al mani pul ation (related to the gene
(Kimura 1999; Gilmartin & Patton 1984; Kawai et al.2003). On the other side, women have been seen to excel at spatial
locaion memory, what perhaps explains their comparatively higher recall of landmark and street name details in route

l earning trials. Al l of these factors may in turn proy
specific objects [landmmak s ] 6 t o give directions and find their way (
or cardinal directionso when navigating. The majority

had secondary education background véliing habits are represented in sectiarifBe results indicate a high average
nuhmber of domestic traveland mere 13 travels abroad in the period of two years. The users mostly use the car or bus
and have never had an accident connected to the usevightion on handheld devices, whereas a small part, 6,47%,
experienced a dangerous situation in which a car accident was nearly avoided. Their answers were very interesting
(Table 2):

Table 2. Some of the comments from users in survey.

Describe the facbrs that made the route dangerous.

Not noticing pedestrians or realigning cars.

Watching the mobile phone diverts attention, causing the driver to approach the end ¢
track with his vehicle.

The navigational system had no vocal instructions. Theedwas watching the screen,
rather than the road. Possible car crash was avoided.

The navigation device directed us into the woods and offered us an exit across the pe
pedestrians leading to a very busy road, and there was no way for us to goughdl, the
driverds experience got wus out of that
navigation devices were much less developed than today.

Trying to enter information in the device during the ride.

During the use of a navigatioredice, have you ever thought that a certain characteristic of the screen was not
providing the optimal level of use (e.g. too big screen, to small, reflection, resolution)?
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Response (%Response

YESsoon 17.6¢ 3C
NO 82.3t 14C
Answered Questic 17C

Skipped Questic 22

Figure 5. There are almost no hardware deficiencies in the opinion of the respondents.

According to Figure 5, the majority of the respondents do not consider the size, resolution or other characteristics of
modern screens limitingStill, there were some important remarks regarding the insufficient size of the screen,
indistinctive details, bad response time, light reflection, limited representation due to size, distinguishing details causes
too much strain, etc.

What aids commonlydip you with navigation and spatial orientation using mobile device?

Response (%Response
Mobile navigation device applicatiorssss———— 19.5¢ 11C

Street / Traffic / Tourist signs [ 14.9: 84
Tourist maps — 6.9 3¢
Internet maps / directions e 14.21 8C
Remember — 13.32 75
Tourist guides i 0.8¢ 5
Tourist Information Centers i 0.8¢ 5

Landmarks (location of known featugss=s 9.2¢ 52

Directions from locals e 9.24 52
Vehicle navigation unit — 6.22 35
Handwritten directions = 2.1z 12
Handheld GPS (e.g. @ain) ] 2.4¢ 14
Answered Questic 15&

Skipped Questic 37

Figure 6: What do survey respondents usually use for space orientation/navigation?

Onethird of the respondents use mobile applications and handheld devices (Figure 6), and the resstpstiltads

online maps, which can be considered as a degradation of the level of using geoinformation. Furthermore, 20 per cent of
participants rely on the help of the locals and familiar landscapes or objects. GPS devices are used very rarely, as the
usersobviously prefer multifunctional devices.

Complete survey answers are available at http://www2.geof.unizg.hr/~rzupan/Survey_Results_Area.htm.

When formulating goals considering the usability, decisions must be made regarding to their scope (e.gsleroad, ta
based vs. narrow, featuogiented). For this research, the preference was set on broad, geadisaskgoalsn keeping

with the focus of the goal driven user task analysis. Finally, the ultimate set of goals was to be prioritised, -using pre
design aalysis of users and their goals/tasks to determine appropriate weightings (Mayhew 1999; Nielsen 1993).
Mayhew (1999) goes on in suggesting that quantitative usability goals should be developed from a subset of qualitative
usability goals that are givendhiest priority.

The research goes even further with the assumption that handheld devices are used less for navigation also due to
destimulating and inadequate software interfaces, proposing in addition that they be adapted fbarsitegleuse.

Should uses be able to modify the interface by choosing and repositioning program funatidrtasks? The answer to

that question already exists. (Gupan 2008). The wusers
prefer simpler and intuitive interfaces. In order to get clear answers about what bothers users in usivigatienn

interface a survey is currently being conducted, in which various real situations in an unknown area are simulated. It is
impossible to make conclusions at this stage; however, it is already possible to obtain some suggestions for usability
improvement and certain principles for designing such interfaces for handheld devices. Almost all surveyed users prefer
the following:

A Visibility: most frequent and reoccurring functions should be intuitive and easy to use (easily
accessible)
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A Mapusing:conndc t he interface with the userdés ment al !
A Feedback: Was the wanted action somehow indicated for the user, or was the use of the device
confusing (e.g. while crossing the map with the cursor)?

CONCLUSION

The characteristics of the respondent targeugrof users for the survey on the usability of navigation programs on
handheld devices are now known. The population is comprised of travellers who travel at home or abroad for vacation
to distant, often unknown destinations, usually by car or bus. Ihsrtaey use handheld devices while travelling inside

the car, whereas those travelling by bus use navigation devices upon arriving and out in the open, mostly as pedestrians,
saving time and speeding up their movement. Goals on a high position are ionent&erview, navigation,
exploration, planning, education and revealing information. The familiarity of the respondents to their destination is
little, i.e. they visit most of the destinations for the first time and mostly alone. Pieces of informatigntrabel

duration are approximate, and it is possible to conclude that travels last between one and three days. The tasks placed on
an even higher level of importance are position determining, proximity of thdoeation, happenings on the
destinationand current location. The respondents require abundant information, with as much extra facts as possible.
Users of handheld devices tend to use them for navigation and geospatial information only in unknown areas. The
results of the survey describe the &elbur and the tendencies of users, as well as their demographic details, and
traditions influencing their decisiemaking. Various user profiles will be created according to their preferences of
travel technology, goals, and tasks. These profiles wilp hel develop instructions for designing interfaces for
navigation software on handheld devices.
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Abstract

State topographic cartography of Macedonia has been started 13 years after its independence, while the completion of
the first series of topographic maps in scale 1:25000 has been conducted 20 years aftendadeg. First
cartographic product after its independence is Global Map dataset of Macedonia in scale 1:1000000, published on 08
March 2006 as first European country at web site www.iscgm.org. At the end of the same year, first 105 state
topographic mapsn scale 1:25000 in digital form compiled by JICA have been published, as great twist of state
cartography of Macedonia. On the basis of both cartographic products released on year 2006, it can be said that year
2006 is historical year for state cartograpin Macedonia.

Nowadays, Agency for real estate cadastre of Macedonia has its own capacities for developing of state cartography and
compiling state topographic maps, except the publishing process. Despite the great progress of responsible state
instituion in a period 20042006, after successful finished project with JICA, there are clearly seen stagnation and
some negative trends in a process of compiling of new topographic maps in smaller scale then 1:25000.

From the technological point of view, newaps contain all needed features of digital maps, based on the ISO
international standards of 19000 series. The only problems of installed system are structure and file formats, which do
not communicate in integrated way among themselves. Technologicahtin& soon undergo modification, in order

to avoid duplication of work and data, and to improve, accelerate and simplify the process of map compiling.

Publishing of maps in the Agency for real estate cadastre in Skopje remains a puzzle, as the pickdszswot
started in state cartography of Macedonia, and process that was not foreseen in the framework of JICA project.

Keywords:State topographic map, Macedonia, topographic cartography, scale 1:25000, 1:50000, 1:100000, 1:200000
1 PREFACE

Premring of topographic maps in several scales in a period between years 1945 and 1991, i.e. while Macedonia was a
Republic within the Former Yugoslavia federation, has been done by the Military Geographic Institute (MGI) of
Yugoslavia, with the central officin Belgrade. Other thematic and geographic maps for Macedonian territory in the
same period were prepared by Geokarta, with the central office in Belgrade also. Both facts make clear that all
cartographic works in former Yugoslavia were centralizedadtedevel.
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In that period, Agency for Real Estate Cadastre (AREC), former State Authority for Geodetic Works (SAGW), was the
responsible institution for establishing of local geodetic networks, cadastral surveying, preparing of cadastral maps,
registration of real estates and updating of the cadastral information (maps and database). After independence of
Macedonia, from 1991 to 2004, it was forgotten that in new independent country there is no other responsible
governmental institution to carry out forrtagraphic works. All ARECs capacities were oriented in to developing of

new cadastral system with registered property rights, i.e. AREC did not play the role of Macedonian National Mapping
Organization (NMO). That period characterized with the stagnaticall cartographic works. In official utilization,

were the prepared maps by MGI with the old date of publishing and withipaeted information! AREC had only the

role of map seller.

First efforts of Macedonian independent national cartographic pliodugte the preparation works for developing of
first Spatial Data Infrastructure 25000 (Study for establishing of state base maps for GIS in the Republic of Macedonia)
and the Global Mapping project.

On 08" March 2006, in the web site of Internatiorteering Committee for Global Mapping (ISCGM) have been
published the Macedonian GM data (Idrizi B., Biljarska N., 2007). It considers as first official Macedonian national
cartographic product. Macedonia is"22ountry, as well as the first European ooy that has been released its data

within the Global Map. Through participation in this project, i.e. the provision of base framework geographic dataset,
Macedonia has contributed in the sustainable developing of globally homogenous geographic datacakt i
1:1.000.000 for vector data and 300 resolution for ras

During the AStudy for establishing of state base map:¢
cooperation between AREC and Japan International Cooperation Agency (8eB¥s, was realized a need for urgent
establishment of new topographic maps in scale 1:25.000 in printed and digital form, containing the latest geographic
information suitable for use at the national level, as well as to acquire the techniques reguastdblishment of

maps, and to disseminate geographic information at national level. As a result of the study, the implementation of
projects was done in a period from March 2004 to November 2006, with in the fruitful cooperation between JICA and
AREC. On November 2006, as a result of successful implemented project, around 60% of the territory of Macedonia
was covered with the new topographic maps in scale 1:25000 and developed database for the same area, and orthophotc
with 0.5m resolution for whole tetory of Macedonia (JICA, 2006). Production of the rest 40% of topographic maps

have been completed by the AREC till year 2011.

2 TOPOGRAPHIC MAPS BEFORE YEAR 2004

Topographic maps prepared by MGI up to year 1991, have covered whole territory of Ma@slanpart of former
Yugoslavia. Within that period, have been published topographic maps in scales 1:25.000, 1:50.000, 1:100.000 and
200.000 (figure 1). All products were in analog form (paper maps), and the presented data relates to year 1972, and
somre of them were updated in year 1986 (Talevski J., Vuckov S., Gjorgjievski G., 2005).

1:200000 1:100000 1:50000 1:25000

Figure 1. Examples of old topographic maps before year 1991
At the beginning, based on agshotogrammetrical surveying, havedmn compiled topographic maps in scale 1:25000.

Other topographic maps in rest scales (1:50000, 100000 and 200000) have been prepared by generalizing of existing
topographic maps 1:25000. All topographic maps had the status of military secret datayameréheot allowed for

231



5" Internaional Conference on Carthography and GIS
June 1520, 2014, Riviera, Bulgaria

civil utilization. In total 210 map sheets were in scale 1:256Q0nap sheets in scale 1:50000, 18 map sheets in scale
1:100000, and 6 map sheets which covered all Macedonian territory, as well as 2 map sheets which coverrd the eas
part of Albania in border with Macedonia in scale 1:200000. All of them are compiled in state coordinate system, based
on GausKr ger map projection and ellipsoid of Bessel 184
1:50000 preparenh a geographic coordinate systbased on Paris prime meridian.

Datum

Her mannsk®©°gel

Ellipsoid

Bessel (1841)

Map projection

Gausskr ¢ger (3A zones)

Central meridian 21A E
Zone of projection 7

Prime meridian Greenwich
Prime parallel Equator
Scale fator 0.9999
False easting 500000m
False northing Oom

Elevation origin

Mean sea levdl Molo Sartorio, Trieste, Italy.

Units Meter (m)

Table 1. Coordinate system of topographic maps

Based on specifications and low for geodetic and cartographic viorksrmer Yugoslavia, the data within the
topographic maps had this positional and elevation accuracy:

® = 0.2mm*F m= a+b*tanU
where: i positional accuracy,

F i map scale,

m, 1 elevation accuracy,

a’ accuracy of surveying,
b1 horizontal accuracy of contour points,
Ui terrain slope.

SerboeCroatian language with Latin alphabet as offidias been used for all sets of topographic maps. As can be
shown in figure 1, only the topographic maps in scale 1:200000 has the legend with description for most used symbols.
Those topographic maps, after year 1991 were given to AREC (former SAGWI). pbduction of first own
Macedonian topographic maps in scale 1:25000 (November, 2006), they were the only source of topographic maps for
utilization in Macedonia. They have been scanned and georeferenced, and purchased to users in digital form on
GeoTFF format. In that period, AREC was seller of topographic maps, without any activities for updating or producing
of new ones.

3 NEW MACEDONIAN TOPOG RAPHIC MAPS IN SCALE 1:25000

iThe study for establishing of s t eesent thé begimings af effortsifon  t h e
developing of Macedonian own national cartography. Due to the situation in previous period (till year 2003) in the
governmental responsible institution for mapping, foreign assistance was very important and nedasgaaiy2003,

Japan International Cooperation Agency (JICA) started the research on surveying the current situation with national
mapping and GIS in Macedonia. After very fruitful cooperation between JICA and all governmental institutions, it was
decideddonation of founds for project on producing of topographic maps in scale 1:25000 followed by GIS database.
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Figure 2. Coverage with new topographic maps 1:25000 (www.katastar.gov.mk, April 2014)

The whole project was realized in a period from Marc@f2® November 2006, in which around 60% of territory was
covered with new topographic maps, i.e. Macedonian 25000SDI. Today, whole Macedonian territory is covered with
new topographic maps in scale 1:25000 (figure 2).

3.1 Technical details of new topogaphic maps of Macedonia in scale 1:25000

New topographic maps were prepared in parallel in Macedonian and English languages (figure 3). In Macedonian
version, Cyrillic alphabet as official has been used for all contents. In the other maps in Englispdatiguaules of
translation are not the same for all contents in map. Only the legend of most used symbols was translated in English,
and other text contents were transformed in Latino alphabet by transliteration method.

a). b).

Figure 3. Exampl®f new topographic maps 1:25000 in Macedonian (a) and English (b) language

These maps are in the same coordinate system (table 1) and tiling system with old ones, i.e. in state coordinate system
of Macedoni a. There ar e n efaw matherhatical rmlanentsy dabaspoliey,sandl irepgreamt d |,
dates from the process of map preparing. They are open for utilization by all type of users, without any limitation.

New topographic key with 208 symbols has been defined also. In comparing wittoo&l€828), around 30% less
symbols has new maps. Unfortunately, reducing the number of symbols has direct influence on decreasing the quantity,
as well as in decreasing of the quality of data presented in new maps.

Verification of the accuracy of new tographic maps in scale 1:25000 is done in a small area, around the lake Dojran,
which can not be taken as a relevant result that reflects the real value of the geometric accuracy of all topographic maps
for the entire state Macedonian territory. In thdowing table are given the value$ horizontal and vertical accuracy

of the main groups of objects, as well as average vatudse Macedonian state topographic maps in scale 1:25000,
based on upper mentioned research:
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Table 2. Estimation of accuracy of the elements from digipggoaphic map (Srbinoski Z., Bogdanoski Z., 2010)

Average

Type of observing RMS om) m = V“"" rm!
values

Y - coordinates
it houses und baldings
X = coordinstes 131
ut houses and bildings )
v O y m,
Y - coordinmes 0.62 z

road networ )
ot road network 073 m m, | :

114

1. 74 m

X - coordinmtes

0.40
al road network

Y - coordinates

207
al river network

; 135 m
X « coordinates

al river network
H - coordinates

s DTM 12.7% Z"'
H - coordinates 0.89

at DTM 4.7% myy == 049
H - coordinates
at DTM 1.5%

2.6}

047

List of used standards for Geographic Information, within the project for compiling of topographic maps, based on ISO
19000 series are listed below (ldrizi, Lazarevski, 2011):

ISO/DIS 19101 Geographinformation- Reference model

ISO/DIS 19107 Geographic informatiefspatial schema

ISO/DIS 19108 Geographic informatieTemporal schema

ISO/DIS 19110 Geographic informatieMethodology for feature cataloguing
ISO/DIS 19111 Geographic informatieispatial referencing by coordinates
ISO/DIS 19113 Geographic informatieQuality procedures

ISO/DIS 19114 Geographic informatieQuality evaluation procedures
ISO/DIS 19115Geographic informatioih Metadata

ISO/DIS 19125 Geographic informatietsimple ature access

= =4 =4 -4 -4 -8 -4 -89

3.2 Background of new topographic maps of Macedonia in scale 1:25000

With aim to make more simple finding out the tile number and name of needed map, in a back site of all paper
topographic maps s given t htey ofi Bldtedenta,sbasednoh diling systempf f or
Macedoni an topographic maps in scale 1:25000 (figure
special and background. Special data represent the tiling system, and the background isfabtaihedMacedonian

GM data with the role to make more visible and clear which places in which topographic map can be found.
Background is composed by four Macedonian GM layers, three vector layers and elevation data from raster layers.
Vector layers havbeen used in total, except the boundary layer. From the boundary layer, only the national boundary
has been used as a part of background of #fAsheets index

Figure 4. Back site of paper topographic maps
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3.3 Macedonia 25000 SDI

The thorough consideration during AThe study for estat
been paid through the entire process to adopt technical specifications that meet user needs, Macedonian geography, and
to establish the Spali Data Infrastructure (Macedonian 25000SDI) that can be widely used. Based on this rules, data
structure of Macedonian 25000SDI comprises the fundamentals of information infrastructure in Macedonia. It contents
10 layers, i.e railways, roads, land classifion, administrative areas, spatial scheme, reference raster, annotations,
topographic feature, small objects and water spaces. Some of them are not shown in paper topographic maps, but they
can be found in database. In next figure (5), can be sedogibeal view of Macedonian 25000SDI and the example of
single dataset consists of 1workspace and 12 coverage

From Macedonian 25000SDI, several datasets such as Topographic Map GIS Dataldhsesel&|S Database and
Ohrid Environmental Conservation GIS Database were generated as the final product. The digital Printing Data and the
Printed Maps were prepared for the extensive use by various users also.
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Figure 5. Macedonian 25000 SDhé Arcinfo Coverage structure of single dataset
3.4 Overview on the process of preparing of new topographic mapdatabase

Over the period of the project implementation (March 200Mlovember 2006) and after that (November2G06
December 2010), numerous katems have been carried out by the AREC and the JICA study team with assistance of
the related organizations for producing of national topographic maps in scale 1:25000. The process was started by
defining of new specification for Spatial Data Infrasture, and field works on reconnaissance of ground control points

and installation of aerial photo signals.
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Figure 6. Work items during the project

Shooting of aerial photographs was realized on May 2004, followed by field works for surveyingunél gontrol

point and field identification of aerial photographs. After finished field works, the process was continued by office
digital photogrammetrical works (aerial triangulation, digital plotting and compilation). With aim to eliminate
accidently erors, supplementary field identification and digital compilation were done. At the end of process,
preparations of data for printing have been done in Adobe lllustrator and Arcinfo Coverages in ArcGIS. Upper is the
summary of work items completed in tigigject (figure 6).

3.50utputs from the project

As can be shown on above figure with works items, during the project have been develop Environmental GIS database
of the lake Ohrid watershed area and digital land use maps in scale 1:25.000 for theesaatmoaThe objectives of

this extended part of project were to: identify the need of GIS database through the discussions with Lake Ohrid
Conservation Project, design the GIS database for environment management for the watershed area, collect necessary
information and establish the GIS database for the watershed area, establish the digital topographic map for the
watershed area, and establish the land use map for the watershed area (30 map sheets). The personal GeoDatabas
(EGIS_OHRID.mdb) is organizedh i6 datasets, i.e. Basemap, Drainage, Hydrography, EnvBack, EnvMonitor, and
Thematic data. The whole extended part of project was done in ArcGIS also.

As a result of up to date done job in Macedonian independent topographic mapping, the productddistedize
produced. They are the outcome of the successful technical transfer trainings and through cooperation of AREC with
the other respective governmental organizations and national universities.
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1) Aerial Photographs

Scale: 1:40,000

Area: whole teiitory of Macedonia

Format: Negative Films/Contact Prints/Digital Image
File

2) Topographic Maps & Spatial Data Infrastructure
Scale 1:25,000

Format: Printed Maps / Digital Map Data (Adobe
Illustrator) / DXF /

GIS Database (ESRI Arcinfo Coverage files)
Language: English and Macedonian

3) Orthophoto

Resolution 50cm

Area: whole territory of Macedonia

Format: JFIF (JPEG)

Color: B/IW
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5) Digital Terrain Model (DTM)

Model: grid ofpoints in 20m

Area: whole territory of Macedonia

Format: GIS Database (ESRI Arcinfo Coverage file)
6) Digital Elevation Model (DEM)

Resolution: 5m

Area: whole territory of Macedonia

Format: raster datasitesri grid

7) Topographic key

Number of syrhols: 208

Format: ArcGIS style file, *.style

Language: English and Macedonian

8) Specification for topographic maps/database
Number of paper sheets: 84

Format: printed in paper / DOC / PDF
Language: English and Macedonian

4) GPS passive network

Number of GPS points: 59

Area: whole territory of Macedonia)
Following the trend of pubdhing geospatial data on the World Wide Web, the AREC web portal was created and
putted online, making its data (topographic maps also) viewable to the customers and wide public through a web
browser. ArcGIS software was used in the process and it akbdtaith creation of the AREC GIS database to hold the
data that will be published online. Prior to creating the web portal, available data for viewing are:

- Global Map data in vector format 1:1.000.000 scale consisted of National Boundary, MunicipBiigi¢ss,
Elevation Model (DEM), Population centers, Rivers, Roads, Airports, and Lakes.

- Topographic maps in raster format in scales 1:200.000, 1:100.000, 1:50.000 and 1:25.000 (both new and old
maps).

- Index maps in scale 1:200.000, 1:100.000, 1:50.000,00251:5.000, 1:2.500, and 1:1.000.

- Orthophoto with 0.5m resolution black and white raster for the entire territory of Macedonia, and 1:1.000 color
orthophoto for Skopje and Prilep

This geospatial database is driven by ArcSDE and its role is to holéfeautively retrieve data according to a user

query. By using ArcCatalog software and geocessing tools data was imported in the database. ArciIMS was used to
create a web service from the map layout capable of publishing the map on the internegbT$eswice is responsible

for receiving a user requests and sending it to the inner GIS database layer and then forwarding the data received by the
GIS database layer back to the user (Idrizi B., Biljarska N., 2008).

4 SPATIAL DATA INFRASTRUCTURE IN MACED ONIA

GlSas a systerfor managingpatialdata in the Republiof Macedoniapegan to be usdd the late90s,when the
application othis technology areonsidered luxuriem the operation oinstitutions whoseactivitiesdirectly or
indirectly waslinkedwith spatialdata.Thiswas dudo the lowlevel of knowledgdor GlStechnology and the
advantages aifsing it, aghe economi@spectind the aspedf quality ofspatial data, as well d@ise difficult economic
situation in that periodat this time, the mainactivity toward using digitatiata wadgligitizing existingmaps by
converting them fronanalogto digitatvectorform.

The beginningf the 2F' centurycan be characterizess a period ofipheavain the wayof thinkingrelated
theapplicationof GIStechnology inMacedoniaMany public sectoiinstitutionshave showiinterest
in introducingGIS applications irtheir work, most of whiclstarted withprojects thatonsidereds prioritiesfor their
institutionsor  whotried tofind donationsOn te othehand, the privatesectorhas developedith
largerstepsfollowing the contemporarrends andlevelopmentshatthese opportunitiearethenpresentecnd
offeredto state institutionas possible platforms faleveloping theiGISapplicationsin this regard, the
privatesectorhas developetb such arextent that ihas the capacity torovide opportunitieto developa
completeintegratedGIS systemrat the statéevel. In the secondhalf of the firstdecade ofthis century, the development
of geoportalsemerged as ehallenge foall institutions.

Includingof the NationaSpatialDatalnfrastructurgNSDI) in the Strategic Plafyear2007) of theState Authority
for GeodeticWorks (today'sRealEstate Cadastr@nd then in théaw on ReaEstate Cadastras a separatehapterjs
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atwist in the organizedevelopment of spatial datat the statéevel.For the firsttime inthese documents
is predictedconnecting albpatialdata from alrelevantgovernmental institutionat one poinby bulding
anationalspatial data infrastructu@ MacedoniaWith this,many staténstitutions wereanimatedo reflect
onorganized developmenf GISsystemsn the country, andbr the first timethe termSpatial Data
Infrastructurg(SDI) has been inttuced, clearlgistinguishable from thpreviouslywell-knownexpression GIS.

Depending orthe availabldinancialopportunities angrofessional staffvithin the institutions, currentlgll
stateinstitutions ofMacedonia worlprojectsfor developingof GIS systems andre activelyinvolvedin developing
the NSDI.

There are still mixed data, from analog up to vector data and GIS datasets, with the different permission levels for
access. Even they cannot be found in the web pages of institutions. Alldwaligital spatial data can be found in

many formats and in many database types. There is no standardized way and format for developing of GIS systems
within the state institutions. During developing, harmonizing and compatibility with existing datadeesesvithin the

same institutions were not took <care. Thatds way the
overl|l apping, they dondédt have any joint data (attribute

5 MACEDONIAN CONTRIBUT ION IN GLOBAL SP ATIAL DATA INFRASTRU CTURE

Macedonia has already contributed in to developing of GSDI, through participating and submitting its data within the
Global Mapping project. At March 88006, at the web page of International Steering Committee for Global Mappin
(www.iscgm.org) was published the Global Map data of Macedonia as a first European country (ldrizi B.|t2006).

dat aset encompasses the digital d &rh eesolatibn) and msiaténe witho f 1:
Global Map specificatios 1.2, byincluding eight layers, i.€our vector layers (transportations, boundaries, drainage
(hydrography) and population centers) and four raster layers (elevation, vegetation, land cover and land use data) (Idrizi
B., Biljarska N., 2008). In the nekgure, are shown the layouts of Macedonian GM dataset.
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Figure 7. Layouts of Macedonian Global Map dataset (Idrizi B., Biljarska N., 2008)

One year later, Macedonia has contributed in to developing the new raster datasets of Land covereantrdger
cover, as new global layers within the global map dataset.

Based on the rule for regular data updating every five year of own dataset within the global map, the Macedonian NMO
has developed the Macedonian national/regional version 2 and pubiisble November % 2011 (www.iscgm.org,

April 2012). Because of essential changes of the GM specifications, the second version was developed based on Global
Map Specification 2. 1. Unfortunately, i n ddvelopingmestere nt ,
datasets based on the Global Map data specification requirements. Due to this situation, Macedonian GM V2 dataset
includes just four vector data layers (transportations, boundaries, drainage (hydrography) and population centers),
without updating raster layers (figure 8). In the next figure, is shown the download page for Macedonian GM datasets.
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Figure 8: Download page for Macedonian GM dataset (http://www.iscgm.org/gmd/download/dl.php; April, 2014)
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6 ONGOING PROJECTS RELATED TO NAT IONAL TOPOGRAPHIC MAPPING

After completion of the compilation and publication of state topographic maps in scale 1:25000 of Macedonia , Agency
for Real Estate Cadastre in Skopje started with two parallel activities for the preparation and publicatiorstatene
topographic maps at scales 1:50000 and 1 : 200000. Viewed from a methodological point of view, both scales are
developing by map generalization of existing 1:25000 topographic maps, but with totally different software and
methods from each of them.

Topographic maps 1:50000 are compiling directly in Adobe lllustrator software, without using database in GIS form, by
doing direct graphical data generalization of existing maps with mentioned software in the *.ai format. Automatic
methods for automationf map generalization, with software that does not support advanced options for this very
complex cartographic process, have not been used. Accordingly, map generalization is realized completely manually
with the use of Adobe lllustrator software optionsmpletely inappropriate and incompatible for this very complex
mapping process. From the examples presented in the poster of the Agency for real estate cadastre in an international
conference in Bulgaria Albena (Ajtarska B others, 2012), it is clearyvshthat new topographic maps in scale
1:50000 are just simple graphic presentation, without any of the accompanying database of alphanumeric data in GIS
format. These types of topographic maps, nowadays are totally invalid and unusable, and withoabtust@sis for

including within the spatial data infrastructures of many leivdtem local up to national level!

State topographic mapping in scale 1:200000, from methodological and technological aspects is more advanced
compared to that of 1:50000 ngpJtilization of ArcGIS software for map generalization, allows use of methods for
automatic and semiautomatic generalization, and database maintaining by transforming and adopting alphanumeric
database in scale 1:200000. Even in this case, the sourneviotopographic maps are existing topographic maps of
scale 1:25000, the content of which corresponds to year 2004, exactly ten full years, which for today's technology can
be treated as a basis for compilation of obsolete maps!

Till today, about 60% ohew topographic maps in scale 1:50000 and 1:200000 are compiled, while the rest of maps is
planned to be completed till the end of year 2015.

7 CONCLUSIONS

In a period from 1991 to 2004, Agency for Real Estate Cadastrehas been playing the role dfemafocagtographic
products prepared by Military Geographic Institute from Belgrade before year 1991. During that period, there are not
any activities related to national map production in Macedonia.

From the above chapters, can be summarized thaiabffiational cartography in Macedonia is so young, i.e. in its
beginnings. Up to date, Macedonian Global Map data and new topographic maps in scale 1:25000 were completed in
total. New topographic maps have the data based on the aerial photographs2ifOfearhich means that the last
produced maps have not the latest information (aroufidy@ars old). Preparing of the rest of topographic maps in
smaller scale then 1:25000 is ongoing process within the AREC.

New topographic maps are available in Maceédomnd English language, and they are open for all categories of users.

Old maps in scales 1:25000, 1:50000, 100000 and 200000 are almost available for purchasing as a paper maps and in
digital form as georeferenced raster data in GeoTIFF format fronTCARE

The differences between new and old topographic maps 1:25000 are essential. New maps represent the latest
information, they are in digital and paper format, GIS database has been created, they have legend of most used
symbols, in back site they have pnaf Macedonia in scale 1:500.000 based on Macedonian GM data and the index
sheets map with the information for tile and name of topographic maps. Older ones have the historical largeness.

239



5" Internaional Conference on Carthography and GIS
June 1520, 2014, Riviera, Bulgaria

Table 3. Differences between topographic maps prepared by M@EhE991 year and
AREC with JICA after 2004 year (Idrizi B., 2008b)

Changed categories Old maps New maps

Year of production 19701990 20042010

Covered area 100% 100%

Data format Paper Paper and digital (Arcinfo Coverage,
GeoTIFF, Ai, DXF)

Language SerbaCroatian Macedonian and English

Prime meridian Greenwich or Paris Greenwich

Alphabet Latino Cyrillic and Latino

Way of delivery of paper maps | Not folded Folded and not folded

Information outside the marging Scale line, coordinates| Map legend, sale line, Mathematical
elements, preparation, Survey method
coordinates, legend

Background Dondt hav e| Sheetsindex map, tiling, information
for AREC

Data policy State secret Open for all type of users

Price of one sheet paper map | 130euro 3.3euro

Symiols 328 208

During realizing of project in a period May 200&ovember 2006 from JICA study team, close to preparing around
60% of topographic maps 1:25000, technology transfer and training of several teams were realized. As a result of
technology trarfer, AREC has the departments for digital photogrammetry, digital cartography, GIS and surveying,
and as a result of trainings, today AREC have very high quality trained human capacities in those departments. The
technology which is in using and the hunapacities, gives the guaranty that the topographic mapping has a good
future in Macedonia.

Step forward is the creation of the web portal for the purpose of informing stakeholders, customers and clients for
cartographic/GIS products of AREC, i.e. topodriapmaps through the internet. This step demonstrates the Macedonian
NMO efforts to make itself an open institution by placing geospatial information it possess online available to the world
for viewing 24/7. In future this should be developed to becon@dar and purchase site.
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Abstract

Rapid urbanization of the worl dEs population and huma
important changes that have transformed the landscape widedand are expected to accelerate in the fut@ech

changes are observable using remote sensing data from different time horizons. The aim of this study is document
urbanisation trends in selected regional cities in Slovakia and Bulgaria using VHRitsatidta and aerial
photographs. In order to assess the urban dynamics the following processes were defined: urban expansion, urban infill
and other changes of urbanized landscape. Results show a global progression of thp areths of both in Trnava

and Burgas study areas. The proposed approach leads to an improved understanding and representation of urban
dynamics and helps to develop alternative conceptions of urban spatial structure and change.

INTRODUCTION

Configuration of expanding cities and swban landscape are among abundantly studied topics of geographical
researchHuman modifications of the urban environment have transformed the landscape worldwide especially in the
past decades and are expected to accelerate in the future. The nevsspatiak, which arises due to changes in the

use of the suburban landscape, is highly dynamic. Intensive urbanization and associated environmental impacts have
caught great attention in the remote sensing community and remote sensing methods havedheapplied in

mapping land surface features in urban areas. Michishita et al. (2011) characterize and quantify the changes in urban
landscape pattern in the Poyang Lake, Jiangxi Province, China througlixellanalysis of timeseries Landsat TM
imagerybetween 1987 and 2009. Data from satellites with B® m resolution are commonly used in assessment of
urban landscape (Pham et al., 2011, Sarvestani et al. 2011, Belal and Moghanm, 2011, Weber and Puissant, 2003).

Urban and sulurban environments ar@mposed of a wide range of land cover classes. Expanding urban areas requires
both new analytic approaches and new sources of data and information. Several recent developments in remote sensing
have the potential to significantly improve the mapping ofiorreas. These relate to the availability of data from new
remote sensing systems with very high resolution(VHR) and kggestral sensors which can support detailed and
accurate urban area mapping at different sgatigporal scales (Herold et al. 2005

The aim of this study is document urbanization trends in selected regional cities in Slovakia and Bulgaria using VHR
satellite data and orthophoto images. Land cover classification is based on an extended CORINE Land Cover (CLC)
nomenclature. In ordemtassess the urbanizing trends the following processes were defined and assessed: urban
extension, urban infill and other changes of urbanized landscape.

DATA AND METHODOLOGY

Satellite images collected by IKONOS in 2002 (spatial resolution PAN 1 m and MpBahd WorldView2 in 2011

(PAN 0,5 m and MS 2 m) were used as information source about land cover (LC) of the city of Trnava. Colour digital
orthophoto images provided by the Bulgarian Ministry of Agriculture and Food (MAF, 2012) were used to derive the
LC data for Burgas. The orthophoto acquisitions are from June 2006 and September 2010 and have a resolution of 0.5
mand 0.4 m
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Table2. Extended CLC nomenclature for urban areas

Code  Class name

11111 Areas of urban centreseumailingly with highrise buildings

11112 Areas of urban centres prevailingly with leige buildings

11121 Areas of ancient cores

11211 Discontinuous buitup areas with multiflat houses with significant share of trees
11212 Discontinuous buitup ar@s with multiflat houses with significant share of gre
11213 Discontinuous buitup areas with multiflat houses with significant share of garde
11221 Discontinuous buitup areas with family houses with gardens

11222 Discontinuous buitup areas with family houses without gardens

12111 Areas of services

12112 Production and storage areas

12113 Archaeological sites, museums, churches, cathedrals and religious buildings
12121 Areas of special installations

12211 Roads and adjacent asaaithout the accompanying continuous woody vegetatior
12212 Roads and adjacent areas bordered by tree rows

12213 Motorway

12214 Road network within settlements

12215 Bus station

12216 Accompanying woody vegetation on road communications

12217 Accommnying grass vegetation on road communications

12221 Rail network

12222 Railway station

12223 Accompanying woody vegetation on rail communications

12224 Accompanying grass vegetation on rail communications

12311 Sea commercial fishing and naval ort

12331 Shipyards

12341 Yacht port (marina)

12411 Airports with artificial surfaces of runways

12421 Airports with grass surfaces of runways

13111 Open cast mines

13112 Quarries

13211 Solid waste dump sites

13221 Liquid waste dumps

13311 Construcbn of residential areas

13312 Construction of production and service areas

13313 Construction of water management structures

13314 Construction of communications

13315 Construction of sport areas

13316 Construction of leisure areas (new hotels)

14111 Urban parks

14112 Urban gardens

14121 Cemeteries

14131 Other urban green areas

14132 Green areas in production and service centers

14211 Sport facilities

14221 Resorts

14222 Country houses (huts)

Computer aided visual interpretation of satelitel orthophoto imagery in GIS environment was applied to produce the
LC data in this study. It was made by-streen digitizing using Quantum GISan Open Source Geographic
Information System offering common GIS functionalities provided by core feanreplugins.
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Table 2. Changes of land cover classes on the study areas

TRNAVA BURGAS
Class 2002 2011 Change 2006 2010 Change
Area (hal Pr()(%rtlon Area (ha] Pro(&)())rtlon (ha) Area (ha) Pro(&o)rtlon Area (ha) Pro(f))/‘()))mon (ha)

11111 7.65 0.18 8.03 0.19 0.37| 16.00 0.22 16.00 0.22 0.00
11117 0.00 0.00 0.00 0.00 0.00 54.23 0.74 54.23 0.74 0.00
11121 41.92 0.98 43.2( 1.01 1.28 0.00 0.00 0.00 0.00 0.00
11211 64.37 1.50 64.71] 1.51 0.39 429.4¢ 5.88 428.37 5.87| -1.16
11217 105.2(¢ 2.46 106.34 2.48 1.15 207.74 2.84 227.61 3.12 19.86
11213 7.48 0.17 6.94 0.16 -0.55 0.00 0.00 0.00 0.00 0.00
11221 290.24 6.78 322.2( 7.53 31.97 122.39 1.68 122.45 1.68 0.06
11227 0.00 0.00 0.00 0.00 0.00 49.69 0.68 50.6] 0.69 0.92
12111 153.77 3.59 170.0¢ 3.97| 1630 182.74 2.50 219.93 3.0] 37.19
12117 337.04 7.87) 498.34 11.64 161.29 513.0( 7.02 556.9¢ 7.63 43.94
12119 0.00 0.00 0.00 0.00 0.00 1.48 0.02 1.94 0.03| 0.46
12121 3.18 0.07| 9.42 0.22 6.25 42.11 0.58 43.74 0.60 1.63
12211 17.29 0.40 40.99 0.96 23.70 000 0.00 0.00 0.00 0.00
12217 19.78 0.46 15.97 0.37] -3.81] 7.72 0.11 7.72 0.1 0.00
12213 6.84 0.16 6.84 0.16 0.00 8.53 0.12 8.53 0.12 0.00
12214 148.44 3.47 155.9¢ 3.64 7.5] 117.12 1.60 117.12 1.60 0.00
12215 1.35 0.03 1.35 0.03 0.00 0.80 0.01 0.80 0.0] 0.00
12216 16.80 0.39 17.3€ 0.41 0.56| 0.00 0.00 0.00 0.00 0.00
12217 10.74 0.25 16.9¢ 0.40 6.20 22.59 0.31 22.59 0.3]] 0.00
12221 62.06 1.45 63.5( 1.48 1.44 63.79 0.87 63.79 0.87 0.00
12227 3.85 0.09 3.85 0.09 0.00 4.30 0.06| 4.30 0.06 0.00
12223 13.82 0.32 10.1€ 0.24 -3.66 1.77| 0.02 1.77 0.02 0.00
12224 3.39 0.08 2.32 0.05 -1.07| 0.00 0.00 0.00 0.00 0.00
12311 0.00 0.00 0.00 0.00 0.00 110.44 1.5 110.44 1.5 0.00
12331 0.00 0.00 0.00 0.00 0.00 102.49 1.40 102.49 1.40 0.00
12341 0.00 0.00 0.00 0.00 0.00 2.19 0.03 2.19 0.03 0.00
13211 8.18 0.19 16.67 0.39 8.45 0.00 0.00 0.00 0.00 0.00
13221 0.00 0.00 0.00 0.00 0.00 1.28 0.02 1.28 0.02 0.00
13221 0.00 0.00 0.00 0.00 0.00 1.28 0.02 1.28 0.02 0.00
13311 10.59 0.25 25.2(¢ 0.59 14.6(Q 15.84 0.22 9.44 0.13 -6.40
13317 4.0] 0.09 50.41] 1.18 46.41 38.83 0.53 12.58 0.17| -26.25
13314 0.00 0.00 10.48 0.24 10.48 0.00 0.00 0.00 0.00 0.00
14111 57.0€ 1.33 63.02 1.47 5.96 127.23 1.74 127.23 1.74 0.00
14117 0.00 0.00 0.00 0.00 0.00 29.55 0.40 29.55 0.40 0.00
1412 12.72 0.30 13.37 0.3] 0.65| 52.97 0.72 56.45 0.77| 3.53
14131 43.35 1.01 46.35 1.08 3.00 324.84 4.45 304.27 4.17| -20.67
14137 60.23 1.41] 138.8¢ 3.24 78.67 303.74 4.16 286.7( 3.93 -17.09
14211 47.59 1.11 47.4Q 1.11 -0.18 30.0] 0.41 30.43 0.42 0.42
14221 13.63 0.32 13.5€¢ 0.32 -0.07| 3.19 0.04 3.19 0.04 0.00
14223 0.00 0.00 0.00 0.00 0.00 53.19 0.73 53.19 0.73 0.00

211) 2585.3 60.39 2171.9f 50.79 -413.3] 1552.8 21.27 1517.7 20.78 -35.1§

221 2.75 0.06| 2.75 0.06 0.00 89.01 1.22 89.01 1.22 0.00

222 0.00 0.00 0.00 0.00 0.00 4.97 0.07 4.97 0.07 0.00

231 1.05 0.02 1.50 0.03 0.44 0.00 0.00 0.00 0.00 0.00

242 39.39 0.92 36.25 0.85 -3.14 39.11 0.54 39.11 0.54 0.00

243 22.81 0.53 21.97 0.5] -0.95 21.19 0.29 21.24 0.29 0.06

311 12.91] 0.30 12.91] 0.30 0.00 9.44 0.13 9.44 0.13 0.00

321 0.00 0.00 0.00 0.00 0.00 24.01 0.33 24.01 0.33 0.00

324 0.00 0.00 0.00 0.00 0.00 171.5( 2.35 171.5( 2.35 0.00

331 0.00 0.00 0.00 0.00 0.00 26.37 0.36 26.37 0.36 0.00

333 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00

411 903 0.21] 9.03 0.21] 0.00 56.17 0.77| 55.7( 0.76 -0.47|

421 0.00 0.00 0.00 0.00 0.00 203.3] 2.78 203.31 2.78 0.00

422 0.00 0.00 0.00 0.00 0.00 179.74 2.46 179.74 2.46 0.00
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511 20.17 0.47 19.85 0.46 -0.27| 1.14 0.02 1.14 0.02 0.00
512 15.19 0.35 15.1§ 0.35 000 1882.1 25.71 1881.2 25.74 -0.92
523 0.00 0.00 0.00 0.00 0.00 1825.5 - 1825.5 - 0.00
Sum 4281.2 100.0¢ 4281.21 100.0(¢ 0.00 7302.4 100.0(¢ 7302.4 100.0(¢ 0.00

The detailed LC maps were the results of local mapping applying the extended CLC latumeffior class 1 Artificial
surfaces (Kopeck8 and Rosina, 2014, Vat seva, 2014, S ec
minimum width of 10 m. Agricultural areas, Forest and seatural areas, Wetlands and Water bodies (CLC cl&ses

i 5) were mapped according to standard CLC nomenclature (Heymann et al., 2004). Representative sections of the 5

| evel classes on the examples of the satelli Theextemtd ort
of identified LC chsses in different time horizons is demonstrated in Table 2.

The following processes were defined with the aim to assess the urbanizing trends:

i Urban extension process characterized by conversion of agricultural areas, forest andatarai

areas, wetlinds and water bodies (2xx, 3xx, 4xx and 5xx) to urbanized areas (1xxxx).

i Urban infill : process of conversion of existing green urban areas (141xx) and construction sites
(133xx) to 11xxx132xxX

i Other urban changes areas of changed urbanized areas whiehewot defined in the previous two
categories

In order to evaluate the urbanizing trends contingency tables were used. Table 3 illustrate an example of a urban infill
assessment based on land cover flows in Trnava.

Table 3. Contingency tableurban infil in Trnava

2811 1111111121 11211 11212 11221 12111 12112 12214 13211 13311 13312 Sum

13311 0.00 0.00 0.00 0.00 9.97 0.00 0.00 0.63 0.00 0.00 0.00(10.59
13312| 0.00 0.00 0.00 0.00 0.00 0.00 4.01 0.00 0.00 0.00 0.00| 4.01
14111f 0.00 0.00 0.00 0.00 0.00 0.43 0.00 0.00 0.00 0.00 0.00|0.43
14121| 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00| 0.00
14131| 0.00 1.09 0.39 1.24 0.00 4.49 242 054 0.00 1.17 0.73(12.06
14132| 0.37 0.00 0.00 0.00 0.88 0.28 11.98 0.27 6.97 0.00 0.00|20.74

Sum | 0.37 1. 0.39 1.24 10.85 520 18.40 1.44 6.97 1.17 0.73|47.85

The new urban fabric was identified in the second time hoiizime t (2011 or 2010 respectively), and not in time t
(2002 or 2006). In order to harmonize different observation dates land ¢@mregecintensity was calculated, which can
be applied to derive the average year change rate of assessed trends in selected time horizons.

STUDY AREAS

The regional centre of Trnava is | ocated betM@&nmreslat he R
in the central part of the Trnava Loess Plain which is part of the Trnava Hilly Land (Fig. 1). The study area is spatially
defined by the coordinates 48A24'00'' N to 48A20'55"'""'N
position in terms of the capital and a good quality transport infrastructure it is a territory with high potential for
territorial development. The limiting factor for further expansion of the city is the occurrence of top quality sails in its
environs.In 2001 the population of Trnava amounted to 70.286, and in 2012 the number dropped to 66.073 (Fig. 2).
Despite this fact, the proportion of artificial surfaces on the study area increased from 1572.6 ha (36.7%) in the year
2002 upt01989.8ha (46.5%)2n0 11 ( Kopeck §, Rosina, 2014).

The study area of Burgas is located in the Sd&ghkt Bulgaria and is approximately bounded by the coordinates:
42A32"' 42" N to 42A26'49'' N and 27A23'55'""E to 23aA29' 4(
surrounding the large Burgas Bay, as well as by the Atanasovsko lake, Burgas lake and Mandrensko lake, which
represent the limiting factor for further urban expansion. Burgas is the fourth biggest city in Bulgaria. The total
population of Burgas city anomted to 192.390 in 2001, and 197.301 in 2011 (Fig. 2). Potential for spatial development

of the city is connected with the favourable geostrategic location, good transport infrastructure facilities including one

of the largest port and airport in the ctyn region development as an important centre for the sea tourism, future
industry advancement, the quality of human resources and the scientific potential in perspective.
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Figure. 4. Population development of Trnava and Burgas in 28012
RESULTS AND DISCUSSION

Urban extension

Measuring of urban area is associated with mapping the extent of artificial surfaceiée Bersarkable decrease of
population almost 422 ha of farmland were taken by the expanding urbanization in the course of the relevant ten years
in Trnava. The most extensive type of change (more than 175 ha) was that of arable land to production areas i.e
conversion of class 211 to 12112 due to construction of an automobile plant (Fig. 3). Distinct diminishment of arable
land is also attributable to construction of new streets with sfiaghdy houses (21111221), and several big shopping

malls (211- 12111). Table 4 presents metrics results for urban extension in Trnava surroundings.

The total area of urban extension for Burgas was almost 37 ha during the investigated period of five years. It was
connected mostly with transformation of arable land ieas of services, production and technical infrastructure
(Table 5). The changed areas are situated mainly in the northern surroundings of the city. They include big shopping
centres (211 12111), storagaccommodations (21-112111) and small factorig@11- 12112).

Figure5. An example of a change of arable land to an industrial complex (PSA Peugeot Citroen Tstaiapf the
landscape in 2002 (left) and in 2011 (right)
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Table 4. Urban extension in Trnava in 200211 (in hectars)

Loss of:

Urban extension: Arable land a;?;:jlrtt?zlnae;l:s Total (ha)
Residential areas 17.01 1.34 18.35
Areas of services 9.41 - 9.41
;?t?nﬂggfafrastftjizjsre - 17529 0.49 17578
Transport network 38.51 0.35 38.86
Dump sites 1.47 - 1.47
Construction sites 79.02 0.09 79.11
Green urban areas 98.57 0.78 99.35

Total (ha) 419.28 3.05 422.33

Table 5. Urban extension in Burgas in 268810 (in hectars)

Loss of:  Arable Water

Urban extension: land Wetland bodies Sea Total (ha)
Residential areas 0.06 - - - 0.06
Areas of services 23.61 0.47 - - 24.08
Production ~ areas —an g, 4 . - 055 12,03
technical infrastructure
Mineral extraction sites - - 0.92 - 0.92

Total (ha) 35.15 0.47 0.92 0.55 37.09

Urban infill

Structure of settlement landscape does not change only beyond the boundaries of the compact urban fabric. Apart from
open spaces filled in by new construction also large areas of abandoned industrial areas (brown fields) are transformable
to tradeadministrative centres or to new residential quarters (Table 6). The biggest diminishment of class 14131 Other
green areas (about 4.5 ha) was in favor of areas of services (12111). Distinct urban infilling is evident also due to
construction of newndustrial structures mapped via conversion of class 14132 into 12112. This type of change
represented almost 12 ha.

Table 6. Urban infill in Trnava in 2002011 (in hectars)

Loss of: Construction Parks Other Greenery in
Urban infil: sites green  production

urban and service Total (ha)
areas centres
Urban centres - - 1.09 0.37 1.46
Residential areas 9.97 - 1.63 0.88 12.48
Areas of services - 0.43 4.49 0.28 5.2
Production and storag 401 i 242 11.98 18.41
areas
Transport network 0.63 - 0.54 0.27 1.44
Dump sites - - - 6.97 6.97
Construction sites - - 1.9 - 1.9
Total (ha) 1461 043 12,07 20.75 47.86

The urban infill registers the highest rates (88.56 ha) of urban development in Burgas (Table 7). Here, the production
and storage areas were egkd by approximately 35 ha mostly through the transformation of construction sites (21.43

ha) and greenery in production and service centres (12.54 ha). The residential areas were expanded also substantially by
more than 25 ha mainly at the expense ofstmiction sites (15.84 ha) and other green urban areas (9.83 ha) (Fig. 4).
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Another high rate change was the extension of areas of services by almostTt# maain diminished LC classes
appear to be the construction sitether green urban areas and gerg in production and service centres.

Table 7. Urban infill in Burgas in 2008010 (in hectars)

Loss of: Construction  Other green Greenery in Total (ha)
sites urban areas production and
Urban infill: service centres
Residential areas 15.84 9.83 - 25.67
Areas of services 13.53 3.46 0.84 17.83
Production and storag 21.43 0.93 12.54 34.90
areas
Construction sites - 2.92 3.71 6.63
Green urban areas - 3.53 - 3.53
Total (ha) 50.80 20.67 17.09 88.56

Figure 6. An example of urban infill in Burgas elements of urban structure in 2006 (left) and in 2010 (right)
Other changes in urban landscape

Other changes were connected with change of use ofupudreas. Almost 18 hectares were changed by recultivation

of unusedareas in the former socialist enterprises in Trnava study area. Recultivated areas covered by continuous
vegetation were assessed as conversion of the class 12112 to 14132, those with the ongoing recultivation without
vegetation cover were mapped as carcdion sites (12112 to 13312). An interesting example of land use optimization

is a new residential area situated in the locality of unused sewage treatment (Fig. 5).

Figure 7. Transformation of unused sewage treatmetat énresidential quarter in Trnava between the years 2002 (left)
and 2011 (right)

Detailed analysis of the mapped landscape elements enables to highlight a gradual loss of trees along the roads around
the city. Changes of the class 12212 to 12211 in seleraities represent road sections where accompanying woody
vegetation was removed, especially during the road reconstructions. Substitute woody vegetation planting was not
registered.

Other urban changes in Burgas comprise more than 13 ha. The maimedbsenversions were presented by the
development of new construction sites inside the residential areas, areas of services, production and storage areas.
Therefore, these changes also contribute to increasing density of buildings and soil sealingrtasf aunan
development of Burgas city.
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Comparison of urban development in Trnava (Fig. 6) and Burgas (Fig.7) points different types urbanization dynamics.
Dominant urban extension in Trnava causes extreme loss of productive agricultural land. Thespdacidzoges
occurred despite the population decline and were caused mainly by high financial investment in industrial development.
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Green urban infrastructure is important for both urban ecosystem biodiversity and people. Urban infill in coastal town
Burgas with an increasing population document significance of monitoring of internal landesigesially urban
greenery within the town to prevent negative effects of the high soil sealing.

In order to harmonize different time horizons we calculated average annual intensity of urban extension, urban infill and
other urban changes (Table 8).

Table 8 Comparison of average annual intensity of urbanization in Trnava and Burgas.(in hectares per year)

Intensity of changes Trnava (Slovakia) Burgas (Bulgaria)

Urban extension 52.80 9.27

Urban infill 5.98 22.14

Otherurban changes 6.05 3.26
CONCLUSION

Urban areas are highly dynamic and landscape changes occur rapidly. Urbanization causes a polarization of space by
changing population densities, economical activities and mobility. The countryside that is affected by urbanization
becomes a complex intensiyea multifunctional used space within a larger urban network frame. Effective urban
planning and policy making can be achieved only when reliable data and meaningful indicators become available.

Remote sensing data provide loast and ugo-date spatiatiata that can be used to derive useful information for city
managers and planners. Presented examples document mapping of urban dynamics based on land cover change analysi
from which secondary socioeconomic information and other invisible elements of inftestructure can be derived.
Multi-temporal spatial analysis can help identify the size, direction and rate of urban construction or the destruction of
natural resourcefroposed approach leads to an improved understanding and representation ofyndvaics and

helps to develop alternative conceptions of urban spatial structure and change.
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Abstract

Spatial modelling as one of the most modern GIS methods, advance in a new way research programs and projects,
which purposefulness is connected with nature environment analysis. Spatial modeling in essence integrate a large
informational massifs, organized and structured in a specific order in GIS databases. Environmental researches are
usually related to the existence of a real objealement or cumulative elements of the nature, characterized with
determinate spatial paragtersi scope of the spatial modeling.

The present research object cover part of Kraishte mountain region, which is situated in western Bulgaria and reach
part of the transborder region with Serbia. The region is characterized with low economic paranaetgtsigh level
of depopulation. These facts determine the research interest and importance of the study.

Morphohidrographical peculiarity describes the basic elements of the environment in the region (relief structures and
water basins). Using the opportities of the spatial modeling we have an overall picture of the region. These are key
elements in determination of the region borders.

The results of the present research can be used as a base for investigations related with differentiation and
classificaion of the landscape diversity. Using these analysis we have the opportunity to evaluate the potential of the
region and give some recommendations for optimization and to it put into useful purpose.

INTRODUCTION

The studied territory is part of Kraishtegion, which is one of the least developed regions, permanently affected by
depopulation processes and deterioration in the general economic indicators. Therefore, it is necessary to define the
landscape diversity and to make analysis of the natural fEdtefi the morphohydrographic peculiarities of Kraishte

region, Western Bulgaria. The present research is related to analysis, spatial modeling and assessment of the natural
potential. The expected results of the study could serve to optimize the wsterefin the region and thus to improve

the quality of life in the studied region.

AREA OF STUDY
Object of the research is Kraishte mountain region, which is located between the rivers called Konska, Bistritsa and
Struma. The studied region reaches tlmtier zone between Bulgaria and Serbia, and despite it is relatively close to

the capital and the largest economic center of Bulgaria, it is one of the most backward and underdeveloped regions in
Bulgaria, caught up in high levels of depopulation.
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Boundaries

- Northern boundary from Yablanitsa River Valley to Erma River Valley it traces along the state border
till the springs area of the first left affluents of Erma River (below Goliama Rudina peak, 1485 m.) above
the villages of Strezimirovtsi and Shiovtsj

- Northeastern bordér it follows the boundaryof the floodplainsof YablanitsaRiver Valley and Konska
RiverValley to the confluence of Konska river in Struma River;

- Easternboundaryfollows StrumaRiver Valley from the confluenceof Konska River southwards to
Sovolyanska Bistritsa River
Southerrboundaryfollows thewatershed between Bistritsa River and Dragovistitsa River;

- Western boundary is artificial and it traces the western basfiehe Republic of Bulgaria with the
Republic of Sertd i from Goliama Rudina peak, 1485 m. to the spring parts of Lomnichka, Right
affluent of Dragovistitsa Rivegbout 1 km. southwest of the village Gurbanovtsi.

THEORY AND METHODOLO GY

Models in geography and the sciences related to organizatibe epace, most often are based on analogies. Analogies
with respect tonatural phenomena; social and economic phenomena; alphanumeric character images and mathematical
formulas (Haggett, Chorley 1967). The same authors determinate three main groupglsf mmdels analogies with

natural systems, modelsspecialized systems and common systems models. Accotdignyth (1998) spatial
(mapping) models are considered as abstractions of reality. The latter contain only the features of the reality which a
important for the interpreted object. The model as an abstraction presents aspects of the real world that can be
manipulated and analyzed in the past, define the present and offer possibilities for forecasts.

The model is regarded as part of the bikteelationship "modetheory.” The model itself is applicable to verifying the

proof of a theory. To be used properly, it must be determined which of the functions is primary and how to arrange the
data so as to perform the specifically assigned funcliothis sense, an important feature of the model appears to be
the interpretation of theory, but so as not to be identified with it, while to direct the meaning of the model to tHe logic o
the theory itself.

In this regard, Harvey (1996) subdivides thed®ls on a priori models (right A = B) and a posteriori (A / B) models. A
priori models are based on the construction of theory. Particularly important here is the problem related to the
interpretation of the calculations. These models of cognitive pdigpairecede the theory. A posteriori models are
created by way of using formalized theories. The beginning is connected with empirical observations. These models
simplify the procedure for checking the theory. The obtained results can be transferredhotly. If checks prove
successful outcome of the modeling, it defines a successful theory. Mainly a priori models are applied in the geography.
In the case where there is no good model, often follow wrong (incorrect) forecasts.

Use of models require:

91 Precise identification of thpresumabldunction of the models.
1 In the course of implementation research wshiould be planned the function of the modeldata
should not be chandavithout observing the necessary preconditions.
1 The model can be useddoaw conclusions in the theory.
1 Thedisadvantagesf the model can be coordinated in accordance with the theory.
1 Theories derived from modeling may not be distributebbss
- itis established that the modslrelated especialltp this theory
- scope othanges to the model and nature of its relationships with the taesmagcurately and completely
defined.
1 In forecasting models the empirical relationship between the individual components and the
possibility of a full inspectioshouldbe carefully taleninto account
1 Itis obligatory to observe thienctionsof modelsandmodeltype
1 Inthe process of spatial modeling and analysismiaiih macrestructuress used topographic base at a
scale of 1:25 000 and 1:50 00When creating a spatial modate applied Had up digitizing
technologyand generated layers hypsometry, hydrography, boundaries, settlements and elevation
above sea level in the studegion.
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SPATIAL MODELING OF HYPSOMETRIC PECULIAR ITIES OF KRAISHTE RE GION
BETWEEN RIVERS KONSKA AND Bl STRI u ANBWEARIAE R

Development of hypsometric model of Kraishte territory, located between the rivers Bistrica and Konska, Western
Bulgaria (Fig.1) allows for detailed and precise definition of the main relief macrostructures.

Hypsometric Model of Kraishte Region
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Figure. 1 Hypsmetric model of Kraishte between rivers Konska and Bistritsa
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Ruisko-Lyubashkamountain systemis situated directionallynorthwestsoutheast Rui Mountain macrostructure is
located in the most northwestern part. It is crossed by the border which dividesi8 from Serbia. Morphostructural

the boundaries are outlined by the valleys of the rivers Yablanitsa, Erma and Chobanska. The latter is a left tributary of
Erma, which separates the river from Milovska Mountain. The highest peak of the mountaik Rup€b706 m.). In

the southeast is Ezdimirska Mountain, which is located between the valleys of Erma and Suha River, a tributary of
Yablanitsa River. Théiighestpointis 1219 m abovesealevel. In the southeast is the macrostructure of $trmzha
/Paranun Mountain/with its highest peakStrazha(1388.8 m) it is located between Suha River, Yablanitsa and
Krivonoska rivers. Southeast of Krivonoska River passes into the structures of Rebarska Mound (1204 m) / and
Izvorska Mound (1062 m). The southeasusture is Cherna Gora Mountain with its highest Tumba peak (1129 m.).
Other peaks are Elenitsa (994 m.) and Gradishte (968 m.). It is separated from lzvorski ridge by Nepraznishka River
Valley, a tributary of Selska River. The systemds up with the lowCatynridge (915m). In the southeast follows the
macrostrusture of Lyubash Mountain with altitude of 1398 m. It is situated between the rivers Yablanitsa to the north
and northeast, and Svetlya to the west. Southeast it is connected with Breznishka aralleiver Svetlya west
separates it from Erulska Mountain.

The second mountain range is situated between the valleys of the rivers TreklyanSkeethyad It is represented by
Erulska Mountain. To the north is bordered by Transka valley, to the easBrretlya (a tributary of Struma River), to

the southeast Selska River Valley (left tributary of Penkyovska River) separates it from Rudina Mountain, south and
southwest Penkyovska River Valley separates it from Penkyovska Mountain and to the westriber thalleys of
Mramorska and Penkyovska rivers and Patni Del Saddle (1205 m) separates it from Elovishka Mountain. The highest
peak is peak Golemi (1480.8 nmip the southeast they are bordered by the Selska River, left tributary of Yavor River,
which separates them from Rudina Mountain / 1172 m /.

The third mountain range extends along the border between the Republic of Bulgaria and the Republic of Serbia. It
includes Miloslavska Mountain with the highest peak Golem Rudina (1485.3 m), Karvav KamakaMouwith its

highest peak Bilo (1737 m) and Milevska Mountain with highest peak Milevets Mount (1733 m.). This mountain range
extends from Znepole area to Kamenitsa area.

Zemenska Mountain with its highest peak Tichak /1285 m./ is considered as an defgpaountain macrostructure,

that is located between the valleys of the Struma, Treklyanska and Dragovishtitsa. It extends with meridional direction,
and Treklyanska River separates it from Rudina Mountain to the east and Sekirnite to the north. Bagbvisghtitsa

River the researched area reached the southern border, covering the northern parts of the Kyustendil Valley /500 m.
altitude/ and following the watershed of the rivers Dragovishtitsa and Bistritsa and reaches B&ggbian border at

2.5km. south of peak Aramlia (1496.4 meters).

Hollow structures of Kraishte region are Tran Valley (800 m. altitude) and Divlyanskata Valley (800 m. altitude).

SPATIAL MODELING OF HYDROLOGICAL PECULIA RITIES OF KRAISHTE R EGION
BETWEEN RIVERS KONSK A AND BISTR | 4 A

The largest hydrographic systems in the region (Fig.2) are those of Erma River, which flows from west to east
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Hydrologic Model of Kraishte Region
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Figure. 2 Hydrologic model of Kraishte between rivers Konska and Bistritsa
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After the confluence of the rivers and Lishkovitsa and Glsbtitsa into Erma River, it changes its direction of flow to
the northnortheast, which is maintained until it leaves the territory of the Republic of Bulgaria. Otheeprebented

river system is Dragovishtitsa River that flows in the -sasttheast tdts influx in the Struma River. Inside the study
area main morphstructural valley extensions are formed along the left and right tributaries of the Struma River,
Svetlya River and Treklyanska River, with their large tributaries Yavor River and Diviyd&iskr.

MORPHOHYDROGRAPHIC MODEL

Morphohydrographic model (Fig.3) has a complex nature and results from the application of the overlay analysis of the
hypsometric model and the hydrological model. In addition, for reasons of clarity and orientationdd tstdements
is applied and mandatory layers containing state border and region border.

Figure. 3 Morphohydrographic model of Kraishte between rivers Konska and Bistritsa
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