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Abstract: Land use information for regional and local scale studies is indispensible in policy- and
decision-making on environment protection. During the recent decades, based on the growing input of remote
sensing data, several land-use classification schemes have been created. Concurrently, numerous image
classifications for digital imagery have been developed to provide fast and accurate results for land use. The
Automated Feature Extraction (AFE) Algorithms are new approaches to image classification taking into account
images’ texture and other ancillary imagery data. The present study represents an example of AFE application to
land-use/land-cover classification of a very high resolution satellite image on the territory of the Teyna river basin.
The data used is a QuickBird satellite image, high resolution Digital Elevation Model (DEM), image texture and
vector layers, such as hydrological network and the Teyna river basin boundary. The supervised AFE
classification of land use/land cover was performed in Feature Analyst 4.2 (shareware license). The resulting 9
land use classes were assessed for accuracy achieving 93.52% overall accuracy. Among the best thematically
discriminated classes are those of natural vegetation and infrastructure with almost 100% accuracy, whereas the
grasslands, meadows and bare ground tend to be mixed with one another, due to the spectral inseparability and
similar texture of the classes.
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PEKA TAUHA C U3MNOJIBBAHETO HA ABTOMATU3UPAHU ANITOPUTMU 3A
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Knroyoeu dyMUZ asmomamu3supaHu asneopummu 3a pas3rio3HasaHe Ha obekmu, AucmaHyUOHHU
uscnedsarus, 'MC, Knacugbukayusi Ha 3eMeriofnizagaHemo, oueHKa Ha moyHocmma

Pestome: VIHghopmayusma 3a 3emMernon3eaHemo U 3eMHOMO MoKpUMuUe Ha peauoHasIHoO U MEeCMHO HUBO
€ HezaMeHuUMa pu 83eMaHemo Ha peweHuUsi C8bp3aHu C orna3saHemo Ha oKoriHama cpeda. [pe3 nocnedHume
decemunemusi Ha ocHogama Ha Hapacmeauwusim obem om 68x00HU OaHHU Om OuCMaHUUOHHUMeE u3crnedsaHusi
bs1xa cb30adeHuU HSIKOJIKO KrnacughukayUOHHU CXeMU Ha 3eMerion3saHemo U 3eMHOmo rnokpumue. EOHO8peMHHO
C moea ca cb30adeHU MHO20XXecmeo Kracughukauuu Ha uyughposu uzobpakeHusi, 3a 0a 6v0am OoCMBIHU
MOYHU U HaspeMeHHU pe3ynmamu 3a 3eMHOMO [oKpumue U 3emMerioniagaHuemo. Asmomamu3upaHume
anzopummu 3a pasrosHasaHe Ha obekmu ca eOuH Hos rodxo0 3a Knacugbukayus Ha u3obpaxxeHuUs u3non3saw
mekcmypama Ha u3obpaxeHuemo u OonbiHUMENHa 6x00Ha uHgopmayusi. Hacmosiwjomo uscnedsaHe
rnpedcmassi NpUMeEP Ha MPUIoXeHUe Ha me3u aneopummu 3a Knacughukayusi Ha 3eMerion3eaHemo u 3eMHOMo
rnokpumue Ha mepumopusima Ha 8odocbopHusi baceliH Ha p. TaliHa ¢ u3ron3eaHe Ha 0aHHU CbC C8PBbXBUCOKA
rnpocmpaHcmeeHa pa3sdenumersniHa criocobHocm. M3non3eaHume OaHHU ca: camesumHO Uu30bpaxeHue Ha
QuickBird, yugpos moden Ha penegha ¢ sucoka pasdeniumesiHa criocobHOCm, mekcmypa Ha u3obpaxeHuemo u
B8EKMOPHU crioege - XulOpoJioXKa Mpexa u epaHuuya Ha eodocbopa Ha p. TauHa. KoHmponupaHama
Knacuchukayusi Ha 3eMerion3saHemo U 3eMHOMO MoKpumue e HarpageHa ebe Feature Analyst 4.2. MonyyeHume
9 Kraca 3a 3eMernon3gaHemo U 3eMHOMO oKpumue ca oyeHeHU Ha 93.52% obuwja mo4yHocm. Mexdy Hal-0obpe
memamu4yHo omodesieHUme K/iacoge ca me3u Ha ecmecmeeHama pacmumeniHocm U UHghpacmpykmypama, ¢
okonno 100% memamuyHa moyHocm, OOKamo Kracoseme Ha susadume, rnacuwjama u eojslama ro4sa ce
cmeceam eOuH ¢ dpya nopadu criekmpasnHama HepazdesuMocm u nodobHama mekcmypama Ha Kracoseme.
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Introduction

Land use information for regional and local scale studies is an indispensible for policy and decision
making and environmental protection. Several land-use/land-cover (LU/LC) classification schemes
based on the growing input of remote sensing data have been created. Concurrently, in order to
provide fast and accurate results for land use numerous image classifications for digital imagery have
been developed. The Automated Feature Extraction (AFE) Algorithms are new approaches to image
classification by segmenting the image to distinct features taking into account images’ texture and
other ancillary imagery data.

The first attempts to develop routines for image segmentation have already been introduced in the mid
1970’s (Neubert & Meinel 2003). It took more than two decades till segmentation algorithms were
established as key functional features of contemporary software packages such as eCognition (Baatz
& Schape 2000). Some of the RS software packages which use the imaging segmentation techniques
are: eCognition 2.1 resp. 3.0 (Definiens Imaging GmbH, Miinchen, Germany); Data Dissection Tools
(INCITE, Stirling University, UK); CAESAR 3.1 (N.A. Software Ltd., Liverpool, UK); InfoPACK 1.0
(InffoSAR Ltd., Liverpool, UK); Image segmentation for ERDAS Imagine (USDA Forest Service,
Remote Sensing Applications Center, Salt Lake City, USA); Minimum Entropy Approach to Adaptive
Image Polygonization (University of Bonn, Institute of computer science, Bonn, Germany); Feature
Analyst 4.2 for ArcGIS 9.x ™ (Overwatch Geospatial LTD. a subsidiary of TEXTRON Systems Inc.),
ERDAS IMAGINE™, GeoMedia™, SOCET SET™, and RemoteView ™ (Visual Learning Systems,
Inc.).

Land-use/land-cover classifications are based on established LU/LC classification schemes, which
aim at producing comparable results for LU/LC from the classifications on global, regional and local
level. Such classification schemes are those of USGS, FAO, CORINE Land Cover, GLOBCOVER,
GLC2000 etc. In present study USGS and CORINE classification schemes were adopted and
combined into a hybrid one for the purpose of large-scale LU/LC classification. There are numerous
applications of object-oriented image classifications of LU/LC and AFE in particular using one of the
abovementioned software packages (Weih Jr & Riggan Jr ; Blaschke et al. 2000; Burnett & Blaschke
2003; van der Sande et al. 2003).

The main objective of present study is to classify the LU/LC of the Teyna river basin using novel
approaches of the AFE Algorithms. It is achieved through accomplishment of the following steps:

1). To collect, create and manipulate geospatial dataset for the territory of Teyna river basin;

2). To classify the LU/LC using very high-resolution (VHR) satellite image from QuickBird by applying
the AFE algorithms;

3). To assess the accuracy of the produced LU/LC map of the study area of Teyna river basin.

Study area

The catchment of Teyna river is located in the north part of Sofia kettle in the footsteps of Sofijska
Mala Planina Mountain. The river is a small tributary of the Iskar River — the longest river in Republic
of Bulgaria. The total area of the study area is — 4.775 km?. The altitude of the catchment ranges from
500 m.a.s.l., at the basin’s outlet at Iskar River gorge, to 964 m.a.s.l. on the topmost part.

Climatic conditions of the river basin are Temperate to transitional to Semi-Mediterranean and also
local mountainous valley winds occur on a daily basis. Geology (lithology) — The bedrocks are a
diverse mixture of Neogene-Quaternary argillite, Ordovician-Silurian argillite, alevrolite, schist,
sandstone, breccias. All these rocks are more or less loose in their structure, so that they facilitate the
manifestation of erosion. Their outcrops are observed on the slopes of Iskar River gorge.

The lithology of the rest part of the region is composed mainly of flish: argillite, silicite, sandstone with
Palaeozoic and Cainozoic age, where the Palaeozoic rocks prevail. The human impact on geology of
the study area is marked by the excavations and embankments of the former decommissioned Kutina
coal mine and Brezi Vrah uranium-ore extraction site.

The vegetation of the river basin is represented mainly of deciduous oaks (Quercus frainetto Ten., Q.
cerris L., and Q. pubescens Willd.) which are the primary vegetation of the river basin. European
Beech is interspersed with planted conifers to prevent erosion such as Scots Pine, Macedonian Pine,
Silver Fir and Norway Spruce mostly on the mountain slopes from 800 to 1200 m.a.s.l. The majority of
vegetation is artificially afforested with durable to pollution forest types. Some of these species found
on the study area are: Scots pine (Pinus sylvestris L.) and European Black Pine (Pinus nigra L.). The
main soil types, which play major role in the LU/LC structure on the territory, are Chromic Luvisols with
45.8 % of the river basin's area. These soils are mainly located on the lower parts of the slopes,
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whereas the next prevailing soil type, i.e. Cambisols, with its 36.37 % are located on a higher altitude.
The rest 17.4 % are covered with bare soils or Antroposols, which is connected to the human impact
on soils in the region (Ninov, 2002; Soil Atlas of Europe, 2005).

Materials and methods

The input data for present study consists of Panchromatic and Multispectral (MS) satellite image from
QuickBird satellite acquired in May 2008; Digital Elevation Model (DEM) with 5m accuracy derived
from topographic maps with scale 1:5 000 and elevation points, Slope, Aspect and river basin’s
derivatives from the DEM; vector layers such as hydrological network and water bodies in the river
basin, and semi-automatically generated hydrological network from the DEM. The software used is
ArcGIS/Arcinfo 9.2 (Academic license), with the Feature Analyst 4.2 extension (shareware license),
and ERDAS Imaging 9.1 for accuracy assessment of the results. The main dataset for the study was
organized into a geodatabase in Arcinfo 9.2/ArcCatalog 9.2. The feature layers were stored in feature
classes and feature datasets in UTM projection, WGS 84 reference ellipsoid, Zone 34 N.

The Automated Feature Extraction (AFE) Algorithms employs for any single image most of the major
interpretation keys in remote sensing: Shape, Size, Colour, Texture, Pattern, Shadow, and
Association. Each class of the LU/LC is classified by collecting a set of training test sites; whilst as an
input for the image classification is used also image texture and DEM.

Results and discussions

Data collection and data manipulation are usually regarded as one of the most important stages in
terms of time and resources in each earth-science research. These stages include data preparation,
i.e. georeferencing, rectification, digitization, attributive data entry, geodatabase management of data
layers. The main layers used as input parameters for the LU/LC classification are: QuickBird Pan and
MS channels acquired in May 2008, DEM and relief's main derivatives: slope and aspect, and image
texture. All this data was organized, maintained and manipulated in a personal geodatabase. The
Teyna river basin border area was used to mask out the outer parts of the catchment from the
classification in order to speed up the image classification and to enclose the classification within the
study area only.

The main set of parameters for initialization of the AFE algorithms are usually chosen in advance, and
for the current work the best option, after several trials with different set of parameters was: Multi-
Class approach, which uses, two or more grouped training sets into a multi-class learning set using
the Prepare Multi-class Input Layer feature function and the Wall-to-wall option being put on (Feature
Analyst 4.2 for ArcMap, Reference Manual).

The image resolution and the size and type of the classified object are of crucial importance when
setting up the learning parameters. Setting up the initial parameters is also important, because some
basic pre-processing steps are taken at that stage, such as histogram stretching and bilinear
interpolation and resampling of the input images. The texture pattern or the moving kernel used were
generally Manhattan and Bulls-eye textures with ranging neighbours from 3 to 7-8 for better
discrimination of the forest border. After running the AFE with this set of parameters, following clean-
up of the meandering contours of the LU/LC types was done using the Smooth Features Tool and
aggregating the output areas.

Accuracy assessment of the classification results was performed in ERDAS Imaging 9.1 software
using stratified random sampling and ground truth collection during the summer of 2010. There are
several sampling schemes used to perform accuracy assessment of image classification results, such
as: simple random sampling to a scheme called stratified, cluster sampling, systematic and unaligned
sampling. Among those the stratified random sampling is considered the most appropriate for
accuracy assessment of thematic maps with classification results (Congalton, 2009). In present study
the stratified random sampling was used by randomly sowing 108 sampling points proportionally to
area percentage of the 9 resulting LU/LC classes. After running the AFE supervised classification the
resulting LU/LC classes’ percentages are represented on Figure 1 and Table 1 and the results from
the accuracy assessment are presented on Table 2 below.
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Table 1. Percentage of LU/LC classes for Teyna river basin

No Classes Area (km?) Percent
1 Asphalt roads 0.036063 0.00%
2 Bare ground 0.648927 7.00%
3 Coniferous forest 1.906767 21.00%
4 Grasslands 0.198135 2.00%
5 Meadows 0.68886 8.00%
6 Mixed deciduous forest 1.562715 47.00%
7 Quarry 0.049689 1.00%
8 Sparse vegetation 1.221408 14.00%
9 Water bodies 0.051471 1.00%
Table 2. Accuracy assessment of Teyna river basin LU/LC classification
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Conclusions

From the predefined patterns some of them preset for the specific LU/LC type, used for training over
the image set, the Manhattan and Bulls-eye texture types were found to be more suitable for LU/LC
classification of the of Teyna river basin. That is mainly because of the high resolution of the QuickBird
image and the patchy mosaics of the landscape. This conclusion is also applicable for the texture
image, because it was derived from the panchromatic channel of QuickBird, which does not differ
significantly from the MS texture. Some key assumptions which could be drawn from the accuracy
assessment of the LU/LC results are:

e The overall mapping accuracy is above the lower limit for LU/LC classifications — 93.52%, which is
satisfactory for large scale LU/LC purposes.

e Thematic accuracy of the LU/LC classification of the Teyna river basin using the means of AFE
algorithms revealed that the lowest accuracy is matched for the classes of Grasslands — 50%,
Quarries — 60% and Bare ground — 71.43%. This could be addressed mainly to poor spectral
discrimination in the spectral space between classes of QuickBird image, and their similar texture.

e The highest accuracy of about 100% was achieved in the LU/LC classes such as: Asphalt roads,
Mixed deciduous forest and Water bodies.

The low thematic accuracy of some LU/LC classes could be due to the omission of the AFE
classification algorithm or due to interference of other input layers such as texture and DEM. The
highest thematic accuracy for abovementioned classes could be due to better separability in spectral
space and clear borderlines of the natural features on the satellite image. Lower accuracy in
Coniferous forests, which is typically better discriminated using other hard and soft image classifiers,
could be due to mixing of shade, texture and DEM’s values with cliffs, and other shadows cast by
natural or manmade features.
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