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Preface

The title “Geoinformatics for City Transformations® defindsetfocus of the 10th Symposium
GIS Ostrava 2013. Every day, cities are influenbgdvarious global, national and regional
movements and they must act to adapt and to maiti@ir position. Geoinformatics offers
efficient and modern methods and tools which helmeasure, monitor and effect the various
transformations of cities. The progress of geoinfairos allows us to study problems and issues
of cities which were impossible to deal with onlyfew years ago. It encourages the
development of spatially balanced strategies foarsnsustainable and inclusive growth. The
aim of the conference is to present and discuss m@thods, issues and challenges of
geoinformatics encountered in various parts ofcihetransformations. More than two-hundred
attendees from 18 countries discussed current ndsedirections and applications of
Geoinformatics, with the objective of helping théies to respond to current problems and
challenges. The papers collected in these Proogediover a wide range of topics related to
cities and geoinformatics and are divided into fikematic groups, including: Distances in the
City; Data about the City; Development of the CiBivergence and the City; and finally,
Spatial Processing for the City.

Papers selection
Number of registered papers: 36

Number of papers published in the proceedings: 23

Home countries of the authors of the papers putdish these proceedings are Canada, Czech
Republic, Finland, Germany, India, Iran, Nether@nNigeria, Norway, Poland, Republic of
Serbia, Slovakia, Spain, Turkey and United Statesneerica.
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BUILDING EXTRACTION USING SURFACE MODEL CLASSIFICATION

Hossein AREF}, Amin ALIZADEH? and Ali GHAFOURT
'Remote Sensing Technology Institute, German Aessg@@nter (DLR), Wessling, Germany
hossein.arefi@dlr.de
2 3Department of Geomatics, Tehran University, Tehham

a.alizadeh@ut.ac.ir, ali.ghafouri@ut.ac.ir

Abstract

In many applications like urban planning and enwinental simulation, the major solution is
building extraction, which can be performed usitffedent airborne or space-borne data or an
appropriate fusion of them. This paper presentaw@omatic building recognition technique
using fusion of LIDAR data and multispectral imageFo this end, a rule-based classification
method is considered in order to extract buildifigen input data which are DSM, DTM
extracted from DSM and an optical Image. To achi®etter accuracy classification is
performed in both pixel and object level. Accordinga user-friendly MATLAB toolbox is
provided for both classification and evaluationgadures. It is experimentally shown that the
proposed algorithm can successfully detect urbamleatial buildings, when assessed in terms
of different quantitative criteria and visual inspeo.

Keywords: Building Extraction, Digital Surface Model, Rule-based Classification

Recommended Citation: AREFI, H., ALIZADEH, A., GHAFOURI, A. (2013) Buildig
extraction using surface model classification. IMAN, |, LONGLEY, P., HORK, J.,
FRITSCH, D., CHESHIRE, J., INSPEKTOR, T. (eds.)S@strava 2013 Geoinformatics for
City Transformations. Ostrava: \BS- Technical University of Ostrava, 22.23. 1. 2013. ISBN
978-80-248-2974-6.

INTRODUCTION

Building detection from remotely sensed data isangmt to the real estate industry, city
planning, home-land security, disaster (flood owstbdire) management and many other
applications. The Automated extraction of buildimgundaries towards generating city models
is also an essential step [1]. As it can be obskreeer the last few decades, a large number of
building detection techniques have been report¢dHBwever, a fully successful automatic
building detection is still an ambitious goal. Thare several reasons to explain the obstacles in
this way including [2], [3]:

Sensor dependencthe primary data to support the building detecimmvailable from a
variety of sources with different resolutions, eadurce having its own bright and dark
points for building detection.

GIS Ostrava 2013 Geoinformatics for City Transformations 1



Hossein AREFI, Amin ALIZADEH and Ali GHAFOURI

Scene complexitynost of the scenes usually contain very rich mi@tion which provide a
large number of prompts with geometric or chromatiesimilarity to buildings, but belong
to non-building objects.

Incomplete cue extractiordue to occlusions, poor contrast, shadows and \chsaageous
image perspective, there is always a significass laf relevant building cues.

According to literatures, three main categories ¢t@n considered for building detection
approaches [4]. First of all, there are many alparg that employ 2D or 3D information from
photogrammetric imagery [5]. The complexity of sepag buildings from other objects
Increases with increasing image resolution. Thidbesause high-resolution images contain
more detailed information [1] and doubtlessly os@uns and shadows [6]. Furthermore by
using stereo images or multiple images capturea tfee same scene it is possible to derive 3d
information. It should be noted that 3D informatimnone of the most important feature in
building detection [7]. Nonetheless, nearby treksimilar height also make the use of such
derived range data difficult [4]. Certainly, theoptem meaning trees next to building can be
resolved by using some texture analyses or NDVéxn[8]. Nevertheless, height information
extracted from a stereo pair of images is much maak particularly in urban areas because of
mismatching in these areas [9].

As the second group, there have been several aggmpetect building regions from LIDAR
(LIght Detection And Ranging) data. This task haerb largely solved by classifying the
LIDAR points according to whether they belong tedsaarth, buildings, or other object classes
[4]. In fact, the introduction of LIDAR has offereddfavourable option for improving the level
of automation in building detection process whempared to image-based detection [10]. A
number of problems with building detection haverbdiescussed in the literature [11], and they
have been shown that the use of raw or interpolatath can influence the detection
performance [2]. Moreover, building detection witkery good horizontal accuracy and
appropriate discrimination between trees and bugjslis almost impossible [12].

Each of LIDAR and photogrammetric imagery has pafér advantages and disadvantages in
horizontal and vertical positioning accuracy. inmp@arison with photogrammetric imagery,
LIDAR generally provides more accurate height infation but less accurate boundary lines.
On the other side Photogrammetric imagery can pgeogktensive 2D information such as high-
resolution texture, and different indices like NDwtlex.

The third category of methods utilizes both LIDARtal and photogrammetric imagery. More
explicitly, intensity and height information in LR data can be used with texture and region
boundary information in aerial imagery to improwe@acy and correctness [4].

It is necessary to mention that LIDAR data andagrhotography have the same quality as
high-resolution DSM and satellite images such athooectified worldview respectively.
Consequently, all algorithms aforementioned for fimemer group can be used for the latter
group. This point has been mentioned because dariddhis study are high-resolution DSM
and orthorectified worldview.

2 GIS f@ash 2013- Geoinformatics for City Transformations



Building extraction using surface model classification

Although there are a lot of works having been dabeut building detection, a few works have
been done by integration of LIDAR and photogramroétriagery.

Building detection techniques integrating LIDAR @atnd imagery can be separated into two
groups. Firstly, there are techniques which usd_tb&AR data as the primary cue for building
detection and employ the imagery only to eliminatgetation from the scene [10], [13]. As a
result, they suffer from poor horizontal accuraoy the detected buildings. Since problem of
horizontal accuracy can be somewhat resolved lbgrdiit outline approximation [14], it can be
ignored in building detection part. In another woblempster-Shafer theory as a data fusion
framework was used to classify points as buildingg, grassland or bare soil. A method based
on morphological scale space is proposed for etxtigaduilding foot prints from the elevation
data and then removing vegetation pixels usingsttextral data [10]. The proposed building
detection technique falls into this group.

Secondly, there are integration techniques inclmdij, [3], [15] which use both the LIDAR
data and the imagery as the primary cues to dedéneailding outlines. Consequently, they
offer better horizontal accuracy for the detecteddings. Haala and Brenner [12] applied a
pixel-based classification where the normalized D@ISM) was used as additional channel
to the three spectral bands of the aerial imag&g}. [Chen et. al. followed a region based
segmentation of nDSM and ortho-images and then askdowledge-based classification to
detect building [15]. Sohn and Dowman proposed ta-ddaven approach on the optical
imagery and a model-driven approach on the poiotictito extract rectilinear lines around
buildings [3]. In another work, a similar techniqgueas proposed with precise geometric
position. Lee et. al. [4] extracted the initial loimg boundaries from the LIDAR data and then
enhanced the initial boundaries using colour infation, after which edge matching and
perceptual grouping techniques were applied tayilké final building boundaries [4]. Demir
et. al. applied four different methods to achiemeirmprovement by combining the advantages
and disadvantages of these approaches and useddbenformation from images for quality
improvement of the detected buildings [16].

This paper aims at following two goals: a succdssitegration of the LIDAR data and
photogrammetric imagery for building detection battLIDAR performance in tree removal is
improved ,and development of a rule-based classifin performed in both pixel and object
level. In other words, the goal of this study isilding extraction based on a rule-based
classification in pixel and object level using fusiof multi-source data.

RULE BASED CLASSIFICATION

As mentioned above, a rule-based classificatiorhatets used for building extraction. The first
stage of this classification is feature selectiafier feature extraction, classification is done
based on a set of rules written by selected festuke outlook of rule-based classification is
depicted in Fig. 1.

GIS Ostrava 2013 Geoinformatics for City Transformations 3
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Defining a
Feature set of rules Partitioning

extraction by selected by rules
features

Fig. 1. General procedure of rule-based classification
In the following, at first different features usedthis study is explained. After that rule-based

classification process is discussed.

FEATURES

In this study, two kinds of features named pixetdah and feature-based are used. In the
following each of them has been explained in matait

Features

|

Pixel-based Object-based

NDSM NDVI LRV DSM's STD

Fig. 2. An outlook of used features

Pixel-based features

NDSM. This feature, so-called normalized digital surfanedel (nDSM), is computed by
measuring the difference between the DSM and tgéadliterrain model (DTM). Since the
nDSM excludes the influence of topography, it repréas the height of all overlying objects,
such as buildings and trees on the terrain. Thezgéxpert knowledge about the appearance of
certain objects can be directly used. In many syjdhe nDSM was used as an important clue
for building detection. That is noticeable that DTi¢extracted from DSM by morphological

reconstruction algorithm [17]

NDVI. As it is indicated in equation 1, this feature d@ncomputed by near-infrared and red
bands. Since in this project the world-view 2 inmmgeith eight spectral bands are
experimented, this feature can be easily extrgdied

NDVI = (NIR—Red ) / (NIR + Red ), (1)

Using this feature, vegetation and non-vegetatamlie separated from each other.

4 GIS f@ash 2013- Geoinformatics for City Transformations



Building extraction using surface model classification

Object-based features

For these kinds of features, first of all regionsobjects have to be extracted. In this regard,
there are two different approaches. One of thenegengntation and the other is using regions
extracted from a processing. In this project, weluke latter.

Local Range Variation (LRV): As early mentioned, for this feature, regions hawebe
extracted. For each object on the DSM, borderseateacted. Every border consists of a
number of points. Around each point on the borde&8x3 window has been considered. Then
for every window difference between max and mirugahre computed. This work is done for
every point on the border. Consequently, for eamitldr a set of LRV values are computed. In
this study the mean of these LR values belongingaoch region has been considered as a
feature value. The objects such as small hills anidibgs can be distinguished from each other
using this feature descriptor [19].

STD: As early mentioned, for this feature, regions h&wvée extracted. This feature is the
standard deviation of height values for each regBw this feature, leaf-off trees can be
distinguished.

CLASSIFICATION PROCESS

After selecting appropriate features, classification triggered. Usually in rule-based

classification at first based on the most importaature (completely depends on application)
an initial classification is done. After that, ugiather features this classification is improved. |

this case since the aim is building extraction, ND$ the most important feature.

Consequently, initial classification is done innsrof nDSM (level0). Then, this initialization

will be improved by the other features. This init@ddssification is includes in leaf-on and off
trees, mounts and buildings. Since our goal isdingl extraction, non-building features should
be eliminated in the improvement levels (we congdes levels in this study). At first, leaf-on

trees and height vegetation are excluded from n¥feMel 1). By this work leaf-on trees are

removed. After that, mount and other objects It tare excluded from improved nDSM in the
first level. By this work mounts and hills are remd (level 2). Finally leaf-off trees and other
objects like that are excluded from the improved&Min the second level.

GIS Ostrava 2013 Geoinformatics for City Transformations 5



Hossein AREFI, Amin ALIZADEH and Ali GHAFOURI

Initial classification based on NDSIeVgIO J
Improvement oflevelOregions based on ND\ieyel 1) J

Improvement oflevellobjects based on Lieyel 9 J

\

~

Improvement ofievel2objects based on STD J

Fig. 3. An outlook of classification process

IMPLEMENTATION

In order to building detection a program is develbpn MATLAB which can provide rule
based classification of DSM considering DTM ande8ié¢ image as well. Generally nDSM is
produced by subtraction of DTM from DSM in ordemr&nove natural topographic.

PROGRAMMING AND DEVELOPMENT

Fig. 4 depicts the interface of the developed moygrAfter selection of the type of input data
which could be MAT or Image file, by clicking on p@n Image", the input Imagery data would
be selectable. In the next step "Digital Terrain Elbds added like an input to the program [1].
"DSM" as the second input is considered as thel thiiep. After this data import, normalized
DSM can be calculated by subtracting DSM from DTM.

By clicking on the forth button of data input prese Ground Truth map which has been
prepared by digitizing the Imagery Data is imporsal would be ready to use. Ground Truth
preparation is fulfilled in the ArcGIS software asvectorized output. The vector ground truth
had been converted into raster with the same resolas the optical image and Digital Models
(DSM/DTM and nDSM).

6 GIS f@ash 2013- Geoinformatics for City Transformations



Building extraction using surface model classification

i b
File Help
e

[ Input Data Import — Ground Truth Import — Rule Based Classification Workflow

- 8=

MAT File
> g > L 8 image Fie Open Ground Truth MAT
Digital Surface Mode| inc
o 5 o we meroynd,] s wresne

(ELEV) lLHevghl

Initial
Pixel Regions

{ NDVI } ll Vegetation

Pixel Regions

Non-sharply

{OBLR} JL Elevated Obj.
oeswisessl 1 .|

[ < Classification ] [Reset Theresholds]

= ive Qualty
Completeness 031 Correctness  0.71

Branching Factor | 0.39 | Miss Factor | 217 3 » ™ (OBSTD} Small
o || Detection(%) (3151 | Qualty (%) 2802 Elevated Obj

2 A
Bd (8:::::)
|| () MAT File Rize

1 \ e )
86 ps) © Image Fie ‘ 9] Ground Tnh [

Preprocessed
Objects

Fig. 4. Program Interface

In the program, three rules are selected to affecprocess of building height classification. At
the beginning based on heights of the nDSM, itdssble to classify it by moving a slider.

Moving the slide changes the height threshold, famally a logical and acceptable threshold
would be considered. Two other rules are also irgds filter and have a better classification.
The "Standard Deviation" and also the "NDVI" aretivnits for this goal. Standard Deviation

is calculated via the obvious formula as expectalliesr of each pixel value and its average
difference. NDVI (Normalized Difference Vegetatitmdex) roughly is the index of vegetation

and is calculated by division of difference and mation of NIR and Red bands of the satellite
imagery.

SIMPLE PROCESS OF RULE-BASED CLASSIFICATION

After the data input, some default values for Elewgt STD and NDVI thresholds are
considered which could be changed gradually toeaghan efficient threshold. Finally, the user
must click on the button of "Classification" to sbe result of imposing the rules as described
above.

As discussed above, Fig. 4 obviously demonstrates &forementioned data are loaded and
after affecting the rules of Rule-based Classifwgtthe results, assessment and evaluation
parameters are calculated and presentable.

For “visual inspection”an error map is shown as well in the right downhef window and the
four categories discussed in future sections amvsh The correctly classified results are
shown in red and the incorrect ones are shown ue.bl'he best inspection can be done by
viewing this error map with “Ground Truth” as backgnoly but other backgrounds as DTM,
DSM and also nDSM are available to view as base.

GIS Ostrava 2013 Geoinformatics for City Transformations 7
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Six criteria as will be discussed in the aforesadtion are revealed in the special frame for it.
This frame is placed below the threshold sliderheprogram interface (Fig. 4).

Users can have a sort of export from the progratputun the special frame in the middle
bottom of the program. It is made possible to expoform of MAT file or an image.

OUTPUT EXPORT

Result of the classification could be saved fothHer post-processing via the module of export
close to Exit button of the program.

Fig. 5. Ground Truth Map

Fig. 6. Classification results
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PROGRAM OUTLINE

Fig. 5 and Fig. 6 obviously demonstrate the growath map and the classification result. The
ground truth can be used for quality assessmergsnifits. Assessment report will be available
after determination of assessment method and olictkie related button.

Fig. 4 (program interface) shows the effect of & tareshold result for Elevation and

Vegetation Index (NDVI) as pixel-based thresholdamgl also Object-based Local Ranging and
Object-based Standard Deviation. After excluding kbw height areas from the nDSM and
vegetated heights like trees by the index of thees¢ures as NDVI from Elevation based
selected areas, the process of object analysidaited and in two procedure of object
classification Local Range of the pixel regions ighhare considered as objects in this
situation) are undertaken to process. By a 7x7 swwnthe minimum and maximum values of

nDSM on the border of each object is analyzed aaml lwe thresholded. In the process of
Object-based Standard Deviation calculation it nmestlescribed that the objects (parcels) with
STD<Th4 which Th4 is an acceptable threshold, fieallts are achievable.

RESULTS ASSESSMENT

In this study, two kinds of assessment methods teeen considered. The former is visual
inspection, and the latter is the quantitativeecidt

QUALITATIVE CRITERIA

In visual-inspection state blue objects indicatgioes which have wrongly been detected as
building by our method. On the other side red digjecdicate regions which have correctly
been detected as building (Fig.7).

Fig. 7. Classification Result Evaluation based on Qualiga€riteria. In this figure Red pixels
demonstrate the true classification and blue pidefsct the incorrect classification based on
the ground truth data.

GIS Ostrava 2013 Geoinformatics for City Transformations 9



Hossein AREFI, Amin ALIZADEH and Ali GHAFOURI

QUANTITATIVE CRITERIA

For evaluation of the raster building extractioralify, the results of the automatic procedure
and also the reference building data base wereerizestl. The extracted buildings were
compared pixel by pixel to the buildings in refezendata (ground truth). The standard
statistical parameters are defined and measuredlaw$ [12]:

1. True positive (TP)— both the automated method and the rasterizedereferbuilding data-
base label a pixel as a building; in other wordsg Ppixels which are building on the ground
truth and classification classified them as buidin

2. True negative (TN)-both the automated method and the rasterized refereuilding data-
base label a pixel as background (non-building)ptimer words, The pixels which are not
building on the ground truth also, they are clasdifis non-building.

3. False positive (FP)-only the automated method labels a pixel as a ingildn other words,
The pixels which are not building on the groundhrbut they are incorrectly assumed as
building.

4. False negative (FN)}-only the rasterized reference building databaselsah pixel as a
building; in other words, The pixels which are dinlg on the ground truth and classifica-
tion classified them as non-building.

Using these four categories, the following stat@timeasures were computed to evaluate the
performance of the automated building extracticcpss.

$N=J?DEJC (ZJPKN L&APA?PEK]J 4EPEKIL
<

%BKNNA?PI£0O L %KILHAPA3IADO L
IE>¢ E |E>¢(;

JEOO (=2BKN L 3Q=HEPU 4=PExJ |
iE IE>¢E>¢C

Interpretation of the above calculation is as f@o Thebranching factor indicates the rate of
incorrectly labeled building pixels. Thriss factor gives the rate of missed building pixels (the
automated method incorrectly labels pixels as bamkgl). Thedetection percentagedenotes
the percentage of building pixels correctly label®d the automated process. Thaality
percentagemeasures the absolute quality of the extracti@hiathe most stringent measure. It
describes how likely a building pixel produced hy automatic approach is correct. The
completenesss the percentage of the reference data whiclkptamed by the extracted data,
i.e., the percentage of the reference network whéshwithin the buffer around the extracted
data. The optimum value for the completeness Bh&.correctnessrepresents the percentage
of correctly extracted building data, i.e., the patage of the extracted data which lie within
the buffer around the reference networks [20].

ASSESSMENT RESULTS

Based on the qualitative evaluation, Fig. 7 illasds the graphical output of the program. As the
guantitative assessment results based on the @ealymrameters given in previous section, in
MATLAB are:
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DISCUSSION

An algorithm is presented to hierarchically refithe classification results of high resolution
worldview DSM and orthorectified images using diéfet feature criteria. A MATLAD tools is
produced for this implementation which helps terattively monitor the effects of including
to excluding each feature descriptor to the cleesdibn procedure. The refinement of segments
is employed in both pixel- and region-based classibn steps. The final result is compared
statistically to the ground truth which is manualigitized. Final assessment results which are
described in the last section obviously figureeffectiveness of the method.
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Abstract

Techniques for evaluating similarities between gateal maps obtained by different spatial
modeling techniques or representing similar spacedifferent time instances are still
developing. This paper reviews a current approactagsessing the similarity in land use maps
that are used in city planning processes. The padnce of recently designdé@ppa location
andkappa histomeasures as well &gzzyset map comparison approach were tested on a case
study area that comprises three cities of Belgeadaunicipdities with different urban
characteristics. By assessing similarities betwiberand use map of the Master plan designed
for the year 2021 and the map representing thectlyrobserved land use conditions, the level
of realized planned activities as well as the lefalliscrepancy from the Master plan could be
evaluated.
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INTRODUCTION

Categorical thematic maps are produced for diffepmposes: land cover, land use, forest
inventory, soil types or properties, etc. The depeient of high-resolution spatial modeling
techniques, geographical information systems andenaacessible remote sensing data has
increased the need for map-comparison methodseTdrerseveral motivations for developing
proper map-comparison methods and measures [lintiate: 1) detection of temporal/spatial
changes or hot-spots; 2) the comparison of diftespatial/temporal models, methodologies or
scenarios; 3) the calibration and validation ofdlarse models, 4) the model uncertainty and
sensitivity analysis, and 5) the evaluation of raapuracy.

The objective of this paper is to provide insigitbithe appropriate analysis techniques and the
discussion of the factors that must be considefeehvperforming any similarity assessment. In
addition, a detailed description of proposed comgpartechniques is given in order to fully
realize the importance of similarity assessmentusised in this paper.
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METHODS

The kappastatistic measures the differences between therobd agreement among two maps
and the agreement that might be achieved solelghlayce due to the alignment of those two
maps [2]. It is quite convenient for the map congmar if an equal number of classes are
applied [3].

The kappaindex that was introduced by Cohen [4] presentseasure of agreement adjusted
for chance and it is calculated as:

.- PO)- P(E)
1- P(E)

1)

whereP(O) presents observed agreement andR(f) is the proportion of agreement that may
be expected to arise by chance.

PO)=a p,; P(E)=Q Py *pr; P(Ma)=g min(p,,R,) @)
i=1 i=1 i=1

The calculation of th&appaindex is based on the main diagonal of the coeticy table (table
1) together with its row and column marginals. Eatémentp; in contogency table is the
fraction of cells in categoryin Map A and in categotyin Map B.

Table 1.Generic form of a contingency table.

Map B categories
1 2 N total map
Map A 1 P11 P12 P1n PiT
. 2 P21 P22 P2n Por
Categorie
n pnl pn2 pnn pnT
total map Pr1 Pr2 Prn 1

The kappaindexvalues falling in the ranges of 0.41-0.60 are aatiegd as moderate, values
between 0.61-0.81 are substantial and values hipher0.81 are consider as almost perfect as
was outlined in similar studies [5].

The standarckappa index has been used in different fields, from roaliapplications and
biostatistics [6] to a great variety of geosciaatdpplications. In the field of geosciences, the
kappaindex was subsequently adopted by the remotersggasmmunity as a useful measure of
classification accuracy [7]. There is also a widenber of applications that are related to the
validation of machine learning techniques in spatiatieling [8], [9].

Pontius [10] was one of the first, who criticize@ tiise of simpl&appastatistics in comparison
to digital raster maps. He introduced two new stias indices in order to examine separately
the similarity of location . and quantity g The kappa locationcorresponds to the
measurement of similarities in the spatial allcwmatof categories in the two compared maps.
Unlike kappaquantity statistics that have been proved as unstable rarmmiprehensible [11],
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kappa locationstatistics are sustained as a comprehensive needmgause it gives the
similarity scaled as the maximum similarity that tenreached with the given quantities:

_ P(O)- P(E)
°c " P(max)- P(E)

®3)

In order to overcome the drawbacks of Kappa quantitystatistics, Hagen [12] introduced a
new statistical index callekhppa histogram pisio

_ P(max)- P(E)
histo — 1- P(E)

(4)

Both statistics o and o are sensitive to particular differences in locagicand in the
histogram shapes for all the categories [1].

The mutual relation between,., histo @nd standard could be expressed as:
k = khisto >¢(Ioc (5)

The latest approach in assessing similarities steramaps is based on fuzzy set theory [13].
Geoscientists and GIS professionals adopted treeryh|[14], [15] with the purpose of
characterizing inexactly defined spatial classesrdities that deal with ambiguity, vagueness
and ambivalence in mathematical or conceptual nsodiespatial phenomena. Based on fuzzy
set theory, Hagen [16] proposed the new approaessessing spatial similarities and changes
between raster maps. The fuzzy-based map-comparistimod was primarily developed for the
calibration and validation of the cellular automatadels for land-use dynamics.

Considering two sources of fuzzines®; locational based on the concept that the fuzzy
representation of a raster cell depends on thetself and, to a lesser extent, also the cells in
its neighbourhood, and) categorical which originate from vague distinoBo between
categories.

The extent of the neighbouring cells or locatiofugziness could be expressed by a distance
decay function. The categorical fuzziness can bredunced by setting off-diagonal elements in

the Category Similarity Matrix to a number betwdkand 1 that corresponds to membership
values of different categories. Since there are madgsitforward rules for assigning membership

values, choosing values in the matrix is subjectared it could be selected on the basis of a
priori experience.

Thekappa fuzzyndex is similar to the tradition&lppastatistic in that the expected percentage
of agreement between two maps is corrected fofrudion of agreement statistically expected
from randomly relocating all cells in compared maps

We used a freely available Map Comparison Kit (Wityww.riks.nl/mck/) software tool in the
research presented here for the comparison ofrragtps based on standard cell by cell map
comparisons (the standard and variantkappa statisticsand fuzzy-set calculation rules.
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CASE STUDY AREA

The study area includes part of the territory ¢§ of Belgrade, which is the capital of Serbia.
Three neighboring out of a total of seventeen Eelgrmunicipalities were tested including:
Zemun, Novi Beograd and Surein that representlifierent urban types of municipalities (Fig.
1).
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Fig. 1. Case study area within the city of Belgrade.

The municipality of Zemun has three suburban getl@s: Zemun Polje, Batajnica and
Ugrinovci, and one urban, Zemun, the old town. Zerdates back to the Neolithic period and
has developed as a separate town until 1934 wherenyed with Belgrade. The Old town of
Zemun was declared as the regional, cultural astbiical site of great significance for the
Republic of Serbia. The Master Plan of Belgradduihes all settlements except Ugrinovci,
which makes a total area of 9,942 ha with a popriadf about 15000.

Novi Beograd (New Belgrade) is the municipality lwithe highest population density. The
municipality covers an area of 4,096 ha, with ayajon of about 220 000 inhabitants. Its
construction was planned and begun after World NWVarhe municipality of New Belgrade is
divided into large residential blocks of a neamdytangular shape that are separated by wide
boulevards. New Belgrade has recently become thmmmcial center of Belgrade.

The municipality of Suréin was formed in 2004 frgart of the municipality of Zemun. The
Municipality consists of seven settlements, andesa@ithem are situated within the boundary
of the Master Plan. The airport complex "Nikola [&&ss situated in the north-eastern part of
the municipality and has a significant influence rspatial development.

The assessment on Master plan realization is ysoattied out for these three municipalities
separately, but since these municipalities form emigty as well, the assessment is carried out
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for all three municipalities together. The totadearch area covers 22.236 ha, or about 30% of
the total area of Master Plan.

The Master plan of Belgrade designed to 2021 wadentay the Institute of Urbanism of
Belgrade in the year 2003. The map of the Mastan Rlas used as the reference map with a
raster size of 20x20 m and 908x1278 cells (Fig. 2a}fual land use is defined based on
ortophoto maps taken in 2010. The vector map, ¢(uoig of land use) was rasterized at 20 m
spatial resolution, with same dimensions as thengmy map (Fig. 2b). The Master Plan of
Belgrade for year 2021 was done in 2003, so baped actual land use situation in 2010 we
can do analysis of plan implementation over thet gasen years. The aim is to determine
whether the urban growth differ from planned in feriod 2003-2010 and to evaluate the
extent to which it was implemented. Based upon gsatistics we can analyze implementation
of Master Plan according to land use categoriegdagather on location or quanti¥appa
location value can offer us information whether the certamd use category is developing on
location that is planned for that category. WhKappa histovalue can offer us information
about the extent to which this category developnmemplemented.

Land use classification is carried out in nine gatees on both maps: agriculture, wetlands,
traffic areas, commercial, industry, residentiafrastructure, green areas and special use areas
(sport, public services ...).

Caterogy
of land use:

Agfieulture

Caterogy :
of land use: &5+

727 Agricuture

| istars araas

- Traffic

S ntrastrucrute tk

e ¥5H Inkrastiucture:
e [T Residental

7| commercial 7
Commertial 5

[TT1T] industry 7 e 15 28 Bk ﬁi/ﬁ Industry R o 12 28 5 Km

Special e -
FHFE soeciat uss arens [T special use areas
[ Green arsas

[ Green areas

Fig. 2.a) Land use map of Master plan 2021, b) Obseraed lise map for 2010.
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RESULTS AND DISCUSSION

All kappaindices were calculated for the total case studg as well as for each municipality
separately in order to examine similarities betwel@nned and observed land use maps

The fig. 3 below shows the spatial distributioragfeement, sinckappastatistics are based on
a straightforward cell-by-cell map comparison (RBY.

Result of Cell by cell comparison:

- Unequal
I: Egual

0 125 25 5 Km

S TN T N A SN N S

Fig. 3. Cell by cell comparison

Table 2.Kappastatistic indexes

Total area Zemun New Belgrade Sur"in

kappa 0.569 0.627 0.596 0.429
loc 0.855 0.863 0.800 0.914
histo 0.662 0.727 0.746 0.469
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In all areas, except in Zemun (Table 2), ka@paindex has a value between 0.41-0.60 which
indicates moderate Strength of Agreement [5]. Zeimas value of 0.63, which indicates that
Strength of Agreement is substantial. However, theolalte value ofkappahas no intrinsic
meaning in assessment of results of land use chamgkels, since the amount of land use
change is not considered [17]. Inconsistency otwWwemaps can be explained by analyzing the
values ofkappa locationkappa histo The values okappa locationare high, which indicates
that spatial distributions of different categore#dand use over the maps are almost the same.
Differences between planning and real states (tiongd) of land use are more reflected in
guantitative dissimilarities. The almost perfecttchang in location depicts that the urban
development is going as planned, i.e. land use pensks.

In order to get better insight in each categoryalvedr, thekappastatistics per category can be
calculated as an option. For a categoriegipastatistic, the two maps are transformed to a map
consisting of only two categories, i.e. the considecategory as first one and the second
category as the combination of all other categooes {ersus all).

Table 3.Total areaKappastatistic per category.

Agricult. | Wetlands Tar?:a"; Infrastruct. | Resident.| Commerc.| Industry Szzzlal iizz
kappa| 0.474 | 0.996 | 0.522 0.586 0.826 0.520 0.362 0.785 | 0.361
loc 0.911 1.000 | 0.964 0.761 0.861 0.708 0.777 0.855 | 0.619
histo 0.520 | 0.996 | 0.542 0.769 0.959 0.734 0.466 0.918 | 0.583

Looking at thekappavalues per categories (Table 3), for total aremcan see that the largest
dissimilarities are occurring in industrial and gmeareas.

Since the green and agriculture areas are unhafiftgories, they are the categories with the
most discrepancies. Those discrepancies are caugetlepal construction of residential
housing in planned green areas and by planningstrnidlucategory on agricultural areas.

Almost perfect location similarities in the categaf traffic areas indicates that the existing
traffic areas were constructed according to the,dbait only 50 precent have been realazed at
the moment. It is planned to build new roads anelxfwand the airports mainly in locations that
are currently in agricultural areas.

Table 4.ZemunKappastatistic per category.

Agricult. | Wetlands T;?;f; Infrastruct. | Resident.| Commerc., Industry Szzzlal (;;Z;z
kappa| 0.553 | 0.998 | 0.597 0.162 0.827 0.421 0.424 0.813 | 0.398
loc 0.862 1.000 | 0.947 0.262 0.905 0.422 0.750 0.847 | 0.847
histo 0.641 | 0.998 | 0.631 0.618 0.914 0.999 0.566 0.960 | 0.471

Spatial distribution of almost all categories ibstantial, except infrastructure and commercial
areas. Values okappaindicate that the built infrastructure is in grefisagreement with the
planned (Table 4). This disagreement is mainljhelbcation and area of suburban settlements.
Disagreement between commercial areas can beigdstibr several reasons: some of the
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existing industrial and residential areas had stifto commercial land use and planned
commercial areas were not built.

Table 5.New Belgradekappastatistic per category.

Agricult. | Wetlandg T;i::; Infrastruct. | Resident.| Commerc.| Industry S;l);(;al izzz

kappa | 0.347 0.995 | 0.832 0.785 0.833 0.530 0.422 0.585 | 0.448
loc 0.930 1.000 | 0.954 0.949 0.881 0.835 0.707 0.936 | 0.488
histo 0.373 | 0.995 | 0.872 0.827 0.945 0.635 0.597 0.625 | 0.918

All unbuilt areas in the observed land use mapdafened as green areas; on the other hand,
part of the areas which are used as agricultusasere planned as green space (Table 5). That
is the main reason whiappa locatiorfor green area is small, whikappa histas high. But, in

the category of agriculture, the value lk&ppa locationand kappa histo is opposite, for the
same reasons. It is planned for New Belgrade torhea commercial center of Belgrade, but it
is not yet realized to the end.

Table 6. SuréinKappastatistic per category.

Agricult. | Wetlands T;?:;Z Infrastruct. | Resident.| Commerc.| Industry SZicelal (;zzz
kappa| 0.350 | 0.989 | 0.396 0.750 0.800 0.055 0.248 0.877 | 0.154
loc 0.964 | 1.000 | 0.979 0.960 0.859 0.073 0.927 0.923 | 0471
histo 0.363 | 0.989 | 0.405 0.781 0.931 0.754 0.268 0.950 | 0.328

Suréin is the municipality with the lowekappa statistic within the studied area (Table 6).
Discrepancies are mostly occurring in the commeesia. Spatial distributions of this category
indicate that only 7 percent of cells are locatadttte planed space. Since a new ring road is
planned to be built through the territory of the& municipality and the airport is also placed
there, the measure of the quantitative similaritiraffic is low (Table 6).

The total area planned for commercial use is almm& percent of the whole area of the
municipality, and it doesn't affect the value oé ttotalkappastatistics. Lower values éfppa
histo indicate the quantitative dissimilarities, whichlogical since planned urban areas in the
municipality account for 30 percent of the totadamwhile in 2010 the urban area extends to 17
percent.

Besides th&appaindexes calculation, the fuzzy set map comparisas also performed. There
is some degree of similarity in land use considgtire overlaping of the categories. Categories
of green and agriculture areas are similar sineg both belong to the unbuilt category whereas
residential and commercial categories are often coeabiacilities.

The similarity between adjacent categories waszsalwith the following Category Similarity
Matrix (Table 7):
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Table 7.Category Similarity Matrix.
Agricult. | Wetlands Tratfic Infrastruct. | Resident.| Commerc.| Industry Special| Green
areas use areas
Agricult. 1 0 0 0 0 0 0 0 0.6
Wetlands 0 1 0 0 0 0 0 0
Traffic 0 0 1 0 0 0 0 0 0
areas
Infrastruct. 0 0 0 1 0 0 0 0 0
Resident. 0 0 0 0 1 0.4 0 0 0
Commerc 0 0 0 0 0.4 1 0.2 0 0
Industry 0 0 0 0 0 0.2 1 0 0
Special 0 0 0 0 0 0 0 1 0
use
Green 0.6 0 0 0 0 0 0 0 1
areas

Result of Fuzzy comparison:

ooz
Bl cz-04
B 006
[ os-0e
[Joe-1

0 125 25 5 Km
I Y S I T |

Fig. 4. Spatial assessment of similarity in the fuzzy set@ggh.

In Fig.4 each cell has a value between 1 (for idahtells) and O (for total disagreement). The
darker areas indicate the more intensive disagreerumlike Fig.3 it is possible to obtain a
gradual analysis of the similarity of two maps, distinguishing total agreement (white areas),
medium similarity and low similarity (the shadesgody) and total disagreement (black areas).
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CONCLUSION

In this work the advantages of using #eppastatistics and its new variants to compare maps
were demonstrated. It is interpretable, allowseddht results to be compared, and suggests a
set of diagnostics in cases where the reliabitsutts are not good enough for the decision
making purposes. Moreover, map comparison methadgeay useful to assess the similarity of
a set of land use maps on a grid size level. Incase study area, we can conclude that in the
period from year 2003 to 2010 urban growths has)bsseried out according to plan, with
minor exceptions.

We suggest that this measure be adopted more widighin urban planning community.
Further investigations should be conducted in otd@ome up with some standards that should
used as a benchmarks in the land-use change assgsaiso, recently introduced metrics like
kappasimulation[17], [18] have to be considered in the future work
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Abstract

The development of 3 dimensional (3D) display tetbgies led to the widespread 3D designs
and applications in construction industry. The majevelopments that offer visual presentation
for the construction projects are 4D CAD, BIM an® modeling. In addition, 3D GIS
applications that use visualization features of @Gi& also available. Unlike CAD tools, GIS
software provide spatial data about construction dooject participants. According to the
previous studies, converting 2D CAD drawings intD 8lata layers that refer to each
construction activity is an efficient method. It pessible to transfer and edit them in GIS
through data interoperability. Besides, 3D modekmgl editing tools such as 3D Studio Max
and SketchUp enables the realistic design withr tinaiterial library and texture features. These
modeling software can transfer data directly ini&.Gn this study, two available 3D building
visualization methods to provide visual supportGhS environment for the construction
projects were compared. AutoCAD, SketchUp and AR@®ilere utilized for modeling, data
transfer, editing and 3D visualization. 3D datan$far processes between these software were
also discussed and multipatch geometry type thatpgported by ArcGIS was emphasized. A
reinforced concrete construction in Eskisehir, Byrkvas determined as the study area for the
case study. In consequence of the study, it waodised that while the feature class objects
that were transferred from CAD to GIS have 2D gemynenultipatch objects are in 3D
geometrically thereby more realistic. Irregular 8hjects cannot be defined in feature class but
they can be created in SketchUp and transferred @i as multipatch. On the other hand,
each layers corresponding to the construction idesv should be drawn individually in
SketchUp.

Keywords: 3D Visualization, GIS, CAD, SketchUp, Multipach

Recommended Citation:CENGIZ, A. E., GUNEY, Y. (2013) Comparison of 3Dnsruction
visualization methods to provide visual support@GhS environment for the construction
projects. In: IVAN, I, LONGLEY, P., HORA, J., FRITSCH, D., CHESHIRE, J.,
INSPEKTOR, T. (eds.). GIS Ostrava 201&eoinformatics for City Transformations. Ostrava:
VSB - Technical University of Ostrava, 2223. 1. 2013. ISBN 978-80-248-2974-6.

GIS Ostrava 2013 Geoinformatics for City Transformations 25



A. Emre CENGIZ and YUceBUNEY

INTRODUCTION

2D project drawings are utilized in phases of tbastruction projects on the purpose of the
planning, design and network analysis. Howeverdh#rswings do not have enough details
about the construction applications in the sitetli@rmore, manipulating and representing real
world objects in 2D are no longer adequate [1]nRés and engineers use 3D visualization in
order to evaluate the efficiency of the construtiwoject and develop various applications [2].
GIS that has a significant role in the advancedretogy can also be utilized for 3D
visualization. Using GIS for construction projeitsmportant because of its spatial perspective
with geographic reference system which CAD toolsxdbhave.

Cheng and Yang [3] proposed to divide the projeatwihgs into layers that are corresponding
to each construction activity and transfer thero IB1S environment. Bansal and Pal [4] stated
that one-piece project drawings are not appropt@tgenerate 3D view in GIS. Thus they also
divided the project drawings into the data lay@&@ansal and Pal [5] calculated the quantity
takeoff for a model construction using Avenue dcidmguage, integrated the calculations with
3D data layers and displayed in GIS environment.ongh[6] developed a dynamic 3D
simulation system for an arch dam construction.sBaand Pal [7] utilized GIS for displaying
direct sunlight gain of a model construction in 3Ekberg [8] studied on multipatch data
structure for displaying and analysis of complexd@jects in GIS environment. Multipatch is a
type of geometry composed of planar 3D rings amhgles, used in combination to model
objects that occupy discrete areas or volumes irs@&re. This geometry type may represent
geometric objects, like spheres and cubes, or redtvwobjects, like buildings and trees [9].
Multipatch could be stored in geodatabase and wus@dstandard tools of ArcGIS. It also has
the same display feature with other geometry tygdthough multipatch exists in ArcGIS as a
data type but there is no possibility to creaté/ediltipatch features within ESRI products
interactively [10]. This is possible only throughogramming with ArcObjects or through a
standalone application such as SketchUp [2].

Advanced 3D applications allow the designers fa@ #mphasis on virtual reality and this
expanded the usage area of 3D design softwareasigitoCAD, 3D Studio max, SketchUp,
Microstation, ArchiCAD etc. SketchUp which is utdid for creating 3D design enables virtual
reality. Data transfer between SketchUp and ArcGl&so possible.

In this study, two available 3D construction viseafion methods that are used to provide
visual support in GIS environment for the consiuttprojects were compared. Method that

was developed by Cheng and Yang [3] and 3D muttlpahethodology were discussed. A

residential RC construction in Eskisehir, Turkeydetermined as the study area for the case
study. In conclusion of the case study, it wagieined while multipatch objects are 3D, CAD

objects that were transferred from CAD to GIS aie geometrically. Besides, CAD based

inclined objects are not defined as 3D in GIS envinent, but in SketchUp. However, each

data layers corresponding to the construction #ietsv have to be created one by one in
SketchUp.
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METHODOLOGY

GIS Based 3D Visualization

3D visualization methodology that was developeddheng and Yang [3] and used also by
Bansal and Pal [4] includes converting project dnga that are in AutoCAD to data layers
corresponding to each construction activity anddfarring them to GIS. Data layers could be
rendered in 3D by extrusion and base height funstim GIS software. Following parts

provides detailed information about the steps oftieshodology.

Converting drawings to data layers: Both architesdtand technical drawings are utilized for
3D visualization. Interior and exterior details aceeated by using floor plans from the
architectural drawings. Foundation phases andtsiraicdetails of the construction are obtained
from the basement and formwork plans in the techuiiGavings.

Transfer the data layers to GIS environment: Temife data layers to GIS is related to data
interoperability between CAD and GIS. Files in AUBIT could be transferred in ArcGIS by
Import from CAD function. Dissolve is utilized toarge the objects and feature to polygon to
create polygons during the editing in ArcGIS ennim@nt. Base height and extrusion are used
to convert the data layers from 2D to 3D.

Merging the objects: Dissolve function that is untlee Geoprocessing tools are utilized to
merge the identical objects in ArcGIS. Objects dratcreated to define each structural member
in architectural or technical drawing could be neergn one by this function.

Creating polygons from line€AD based drawings include line data type. Thiess could be
converted to polygons using feature to polygon tiomc

Creating 3D view:In order to create 3D view of the constructionséddeight and extrusion
functions of ArcScene are utilized.

Multipatch 3D Visualization

It is not possible to define inclined objects inS3based 3D visualization methodology. Thus,
multipatch data structure that enables displayiBgdata layers in GIS environment could be
utilized. This methodology used by Ekberg [8] atsl efficiency was proven. In proposed
methodology, 3D component are created in Sketch®ietchUp can read .dwg/dxf files

directly. Geometrically 3D components are create@D CAD drawings and saved as different
.Skp files. Then they are transferred to GIS envirtent as multipatch using Conversion tools of
ArcGIS.

GIS Ostrava 2013 Geoinformatics for City Transformations 27



A. Emre CENGIZ and YUceBUNEY

CASE STUDY

Study Area

A residential RC construction in Eskisehir, Turkexas determined as the study area. The
construction has 242 square meter land area ard digries. Architectural and technical
drawings of the construction were utilized as tleial data for the case study.

AutoCAD-ArcGIS Data Interoperability

Data transfer between AutoCAD and ArcGIS could bwabded by functions of Data
Interoperability toolbox. dwg/dxf files were imped with .gdb (geodatabase) extension using
Quick Import tool. Data layers were converted taudea class data structure. Base height and
extrusion values were assigned each layers and i8d were obtained. Fig.1 and Fig.2
represents 2D and 3D data layers respectively.

Fig. 1.2D data layers that were transferred from AutoQARrcGIS

(b)

© (d)

Fig. 2.3D view of data layers in ArcScene, (a) Columb3,Golumns, beams and slabs,

(c) General floor view, (d) Interior details.
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AutoCAD-SketchUp-ArcGIS Data Interoperability

Project drawings of the model construction weregfarred into SketchUp environment and
drawn by means of corresponding to each actiwfigual components were saved as different
.skp files. The reason of transferring the layets @IS as different files is that drawings in a
single piece are cumbersome for 3D constructionalization. Visual layers were imported as
multipatch through Conversion tools of 3D Analyshe$e layers were saved in a geodatabase
and displayed on the user interface of ArcGIS. 3Ddehoof the construction that was
transferred into GIS environment can be seen fron8Fig

RESULTS AND DISCUSSION

Results

In feature class 3D visualization, visual data taysvere created through CAD-GIS data
interoperability. CAD based project drawings arergetrically 2D. ArcScene functions were
utilized to create 3D view from these 2D data. Heeve this methodology is not sufficient to
define irregular 3D objects such as roof. Thuafuee class 3D visualization does not include
roof work of the model construction. In multipat8D® visualization, .dwg files were imported
to SketchUp and created in 3D. Then they were fearesl into GIS as multipatch. As it is
possible to define 3D inclined objects in Sketchbpyltipatch 3D visualization included also
the roof works. Visual data layers in each methogyplwere compared in visual reality aspect
and it was discovered that multipatch 3D visualrathas higher resolution because of being
geometrically 3D thereby multipatch data layers i@ere realistic than the feature class data
layers. Whilst visual data layers could be impdrieto ArcGIS directly and converted into
feature class in the first visualization methodglagsers have to create each component one by
one in the second visualization technique. ArcGAS feoprocessing tools to edit components.
SketchUp does not have such a tool but it has toolkibaesre quite user friendly.

Discussion

Cheng and Yang [3] was developed a GIS based 3ahzstion methodology considering
converting the project drawings to data layers esponding to the construction activities and
also a cost estimation algorithm. Bansal and Paltpbk these methodology and algorithm a
step further and proposed to utilize ArcGIS editingls instead of AutoCAD. However, it is
not possible to define irregular 3D objects in thathodology. 3D multipatch data structure
could remove this problem.
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Fig. 3. Multipatch 3D construction model in GIS environment

CONCLUSION AND SUGGESTIONS

In this study, two available 3D construction viszafion methods to provide visual support in
GIS environment for the construction projects weosenpared. The case study of the methods
was conducted for a residential construction inigetkr, Turkey. 3D visual layers were created
in both ArcGIS and SketchUp environments utilizithg architectural and technical project
drawings and displayed in GIS. GIS was utilized bgeaof its spatial coordinator system
which provides project participants to understaoaistruction activities and their probable
delays. ArcGIS which is mostly used and regardethasmost advanced GIS software on the
market was preferred. Through CABIS data interoperability, there’s no need to dthe
layers again. However, project drawings are createel by one in SketchUp. Despite that
negative aspect, multipatch data are more realieioks to their true 3D geometry. Thus,
inclined objects could be defined as multipatch.aAsonclusion, it was determined that both
methodologies have useful and adverse features.

In construction industry, 2D project drawings atdiaed frequently. But lack of application
details in the project drawings is one of the m@amblems of the construction projects for the
project managers. Through integration between coctsbn activities and 3D visual layers, it
will be possible to track the project progressicasd determine the probable delays.
Furthermore, it is proposed to develop new metiHodSD construction visualization in GIS
environment. Available methods that used for 3D afization in GIS are not so efficient
because of their requirement of time consuming drgwand editing processes. Thus the use of
programming languages to create 3D layers from 2d)ept drawings is proposed for the
further researches. 3D visualization through ensaitieeduce the total editing time and enable
to save time.
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Abstract

The paper presents softGIS service, which is seatiyr developed, free and open source online
Public Participation GIS (PPGIS) service, allowing the collection of local knowledge from
urban dwellers, and supporting participatory url@anning. The paper discusses recent
enhancement of the service with functions faciligitmulti-way communication between the
actors involved in planning processes with the $ooun the software development methods.
Most of the PPGIS efforts to date have been ramsylemented in real decision-making
situations and suffered from the low level of sgsteustainability. In an effort to overcome this,
we propose a lean PPGIS approach, which aims trisetpporting user and customer needs,
improved cost efficiency, and easier adoption, legdo the increased sustainability.

Keywords: softGIS, urban planning, web-services, PP@, geoinformatics, lean software
development
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INTRODUCTION

In 2007 urban population exceeded the half of thal thuman population [1]. Even though the
most of the recent urbanization trend falls on theveloping world, the share of urban
population in western countries is even higher ardeeds 72% in Europe [2]. Cities have
therefore become the primary living environmenttfamans. For this reason alone, providing a
good quality of life for urban dwellers is essehti@vhat is more, sustainable urban
development is an important component of globaltasnability [3], [4]. As the spatial
organization of cities has an impact on the futiédint of the above goals, urban planning has
become an important tool for ensuring their redira There is a growing need for tools and
methods that would support planning with betterideadge of the internal functioning of cities,
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the factors affecting the urban quality of life, wsll as social, environmental, and economic
outcomes and conditions of planning decisions.

Sustainable development is based on three intendepé components: social development,
economic development, and environmental protecfidve social component is referred to by
some sources as social acceptability. Decisiortsatteabeneficial for the economy and for the
environment will not be sustainable if they are aotepted by the public. Social development
provided by the decisions is also a value on ite,cand should lead to a more democratic and
inclusive societies. Public participation in decmsimaking might therefore be one of the ways
to provide more socially acceptable solutions. Ustainable urban development is the goal,
there is a need for public participation in urbdnping that shapes the spatial organization of
cities. Such a need has been enshrined in numenteshational documents, such as the
Leipzig Charter or Agenda 21 [5].

In addition to addressing a general goal of urhestasnability, public participation in planning
may serve specific goals and purposes. Innes antied8d6, modified] list the rationales for
public participation from the perspective of demisimakers:

to know and take account of the preferences of tidigin decision making,
to improve decisions by incorporating local knowledlgto existing knowledge base,

to advance fairness and justice by recognizingnéeds and preferences of the groups that
would be otherwise not recognized,

to get legitimacy for decisions,
to meet legal requirements.

Drawing on the theory of communicative planning @mel reflections on the planning practice
in the United States, Innes and Booher [6] argaé ttie first four rationales are seldom met in
real decision-making situations. Among other fagtdhey attribute this to the inadequacy of
currently used methods, such as public meetings rewview surveys. It is not surprising then,
that there have been numerous attempts to suppblicparticipation in planning with new
techniques, adopting different paradigms and tr@asti One such paradigm has called for the
use of geospatial technologies in a way that suppaublic involvement in planning. Such
efforts fall under the domain of Public ParticipatiGIS (PPGIS), and their application domain
is not limited to urban planning, but embraces stisbiplines as environmental management,
transportation planning and natural resource mappin

PUBLIC PARTICIPATION GIS

The interest in PPGIS research and development £droen different sources. The groups
traditionally interested in PPGIS have been thevemsities and non-governmental and
grassroots organizations. In the academia, theesttenitially stemmed from the criticism of
GIS as a technology representing the knowledge xplers and institutions, not equally
representing different groups of the society [RG?PS has thus become an important part of a
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broader area of research called GIS and Societyhasdpenetrated critical GIS agendas, in
which the relationships between society and ge@dp@ichnologies are investigated [8], [9].
For NGOs and grassroots organizations, the practeaon for adopting and using PPGIS has
been to become a partner for decision-makers,@ethpower marginalized groups with access
to data and information [10]. Such motivations hdeen therefore driven by social and
political context in which they developed, with threowerment and social change as desirable
outcomes. In this perspective, the decision-makegsoften seen as adversaries that represent
the privileged groups, and PPGIS serves as a tootdate a counter-power for the existing
structures.

In an overlapping yet different perspective, PP&il8s at incorporating the local knowledge of
residents into the existing knowledge base for milasn Local knowledge is a personal and
subjective knowledge that has a spatial componedtcames from the everyday experiences
and interactions between people and the environfddnt Talen [12] proposed a bottom-up
GIS as a platform for synthesizing the knowledgeerperts with the local knowledge of
participants. In bottom-up GIS, resident perceptiand preferences are stored directly in a
desktop GIS database, with the help of the fatilitaA vision to incorporate local knowledge
into existing data sets was also behind the soft@é8iodology, envisioned as a bridge builder
between residents and planners [13]. In softGIS,ewew local knowledge is collected through
map-based online questionnaires. SoftGIS methodoisgyescribed in detail further in the
article. What is important to note here is thabath bottom-up GIS and softGIS approaches,
local knowledge is incorporated into existing dagds to help guide planners and decision-
makers in arriving at more efficacious solutionsu3 planners and decision makers become the
main recipients of the data and, by extension, fi@ages of the PPGIS effort.

In the tradition of communicative planning, plarmiprocesses are understood as a process of
constant interactions between the variety of inedlvactors [14]. With the advances in
information and communication technologies (ICThg observation that the communication
patterns in modern societies differ from those lenping processes has become increasingly
obvious. In this perspective, the motivation for@® comes from the inadequacy of the
currently used participation methods with an inseshavailability of the enabling technologies
[15]. Online PPGIS have become feasible with theeraf the mapping websites that opened
the technology for the broader public (e.g. Map@Qué&®ogle Maps) and the programming
frameworks and APIs that allowed for easier sofevdevelopment (e.g. Google Maps API,
MapServer, OpenLayers). The variety of enablinhetogies have opened up the potential for
a synergistic convergence of GIS and ICTs in a fofimap-based online discussions [16], Web
2.0 features and social media integration [17]],[&8d the content contribution mechanisms,
such as volunteered geographic information (VGB][120]. From this perspective, PPGIS
serves as a communication platform enabled by #w technologies, with the multiple
practical purposes, such as sharing the ideas, mamsduilding or argumentation, as well as
with various possible social outcomes.

In fact, it is difficult to discern between diffetemotivations, and in most cases, there are many
motivations behind each project. What is evidentydwer, is that most of PPGIS efforts have
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been initiated in academia, and have been driverebgarch goals, rather than by problems,
which they aimed to solve. In the result, most & BPGIS projects ended up one-off efforts
supported by research grants and discontinued thigegrant completion. PPGIS literature is
replete with experimental or prototype applicatitimst have never been implemented in a real
decision-making situation, as there was no one amtain the system or simply because the
system was not intended for the real-life operatlogrowing part of the literature focuses on
the conditions and barriers for the adoption of paeticipatory tools in planning [21], [22].
Little is known, however, about the influence PP@i&uld have on real participatory processes
in planning or on the quality of decisions madehvite use of the technology. There have been
repeated calls for the evaluation of PPGIS effdnt#, these efforts have been rare and far
between.

PPGIS EVALUATION AND SUSTAINABILITY

Due to the diversity of approaches and contextsetraluation of PPGIS is a challenging task
[23]. Another factor hindering the possibility tceasure PPGIS effectiveness is the difficulty to
establish a causal relationship between technolagg the outcomes of its use [10].

Nevertheless, there have been efforts to providerge frameworks for PPGIS evaluation.

Jankowski and Nyerges [23] propose social outcaanestask outcomes as the main aspects of
PPGIS evaluation. Instead of loogirfor “making better decisions”, they look for “bet
decisionmaking” as a task outcome, in which the use of netdygy leads to the effective
participation and sustainability of its outcomesci@l outcomes include such aspects as
learning, and changes in the social and institaliatructures. Their framework provides an
insightful perspective on PPGIS project as a dymaprocess, but is mainly intended to
structure PPGIS design, rather than to serve aswatuation grid for existing PPGIS
applications. In an earlier effort at formulatingakiation framework for PPGIS, Barndt [24]
proposed the three main criteria: (1) the valuthefresults for decision-making, (2) the quality
of process management, and (3) the support for dh@rwnity development goals. From the
perspective of process management, he highligisainability defined as the ability of the
system to support itself and to operate over a l@mgn. The first and the third aspect of
Barndt's framework might be considerethsk and social dimensions, respectively.
Consequently, the three dimensions of an evaludtamework that we propose here, and
which draw on the two above frameworks, are:

task outcomes,
social outcomes,
sustainability.

We consider sustainability as the core criteriorvaluate PPGIS software and its development
process. If the goal of PPGIS efforts is to cordumly improve the decision-making, as well as
to provide a long lasting social value, systemaunability is crucial. The issue of sustainability
is essential also from the perspective on urbannig as a continuous process which never
ends [25].
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The implementation, maintenance, and the use ofyktm requires the adopting organization
to come up with resources. System sustainabiligghtibe thus achieved only when it provides
valuable outcomes and serves the goals of the iagoptganization. An organization is then
considered a customer of the service and a paatyighresponsible for the system maintenance.
With information and computation technologies bermmncreasingly powerful and easy to
use, the barriers to the adoption become less odmtiical, and more organizational and
institutional. In order to implement and maintaie fharticipatory technology, the institution has
to see the value of public participation in deaisiaking, and to set aside financial, technical
and personnel resources [26].

In most countries, urban planning is a duty of pulldministration. Municipalities and their
planning agencies prepare planning documents andece the participation process. They
seem thus to be the primary customers of PPGIScsestvHowever, geospatial technologies
have been seldom implemented by the public admaish to support citizen participation in
decision-making [26]. Public administration shoblel therefore seen as a customer of PPGIS.
For a customer to pay for a product, the produsttbgrovide value. The value does not have
to be monetary, but must be important enough teiocce the customer to spend resources. The
reason for a potential failure of real-life PPGI8plementation might be therefore that the
systems failed to provide enough value for the austs. In the remainder of the article we
propose dean approach to PPGIS software development, which ainteetter supporting the
needs of customers. Lean methods are expectedadottethe easier adoption of software,
improved cost efficiency of the development procassl to the increased system sustainability.
We also review the ongoing development cases asm@ea of lean approach and discuss
challenges for the adoption of lean methods.

LEAN SOFTWARE DEVELOPMENT

The lean software development methods derive frommious sources, including lean
manufacturing and agile software development [ZHe agile software development is an
iterative process that solves the problems of xiifiéty of a waterfall process model [28]. The
agile development follows short iterations over #itation of the requirements, software
design, planning, implementation and testing, \hid aim of fast delivery and flexibility to the
changing requirements. The agile methods reduceiskeof huge investments on the features
that have not been tested in practice and havéewn proven to be necessary [29]. The agile
methods bring flexibility and quality to the softneaitself, but they do not guarantee or take
into consideration the economic perspectives ohg loinning project.

The lean method differs from the agile in thatotdses on overall economic sustainability of
the product under development. It aims at producinderstandable prototypes of services,
testing them, and selling them to customers ancsu$ée lean software development combines
the agile methods with the lean manufacturing mpies [30] The term ‘lean’ was introduced

as an improvement in manufacturing processes dasr® not spending a single resource on a
product, before it has been sold or otherwise prdeebe valuable for the user. In this way, the
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process can be seen as focused on creating the faalthe user, eliminating waste, optimizing
value streams, empowering people, and continuoogyoving (Fig. 1) [31], [32].

Continuously improve

Create value

Empower people for the customer

Lean

development

Optimize

value streams Eliminate waste

Fig. 1. Lean product development cycle [32].

The product and the concept can be sold beforelthey actually been developed. If selling the
concept does not work, the product should neveddéeloped. On the other hand, if the

concept finds a lot of interested users and custeri®t are able to pay for the service, the
product should be developed. Lean processes alpbasize a continuous learning process, in
which the developers learn about their users astbmers, through the attempts to solve their
problems. Close collaboration of both users andotosrs makes the developers aware of the
most critical issues regarding the success of thaceeunder the development.

LEAN PPGIS FOR URBAN PLANNING

The technologies, that support the development aitR®GIS services, such as Google Maps
API, OpenLayers or MapServer, are inexpensive @e fof charge, and have become
commodities. In a commodity market, it does not enaknse to put efforts on technological

development. The effort should be rather put ondésign issues related to bringing value for
the users. The resources should be spent on cotestiply, user experience development and
customer creation. Investing and focusing on thbtrdevelopment issues is expected to make
the developed PPGIS services more sustainable.if@ihohg- term projects is in this way a
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fundamental issue, which also underlies technoddgichanges requiring upgrades and
maintenance of the service.

In the following paragraphs we evaluate from so8Qlerspective the users and the current
applications developed. The rate at which the otrfeatures support participative urban
planning processes requires more research and aseewf metrics. But nevertheless the
softGIS services are used in production and ddlfaltertain need for the current case studies.

Users and customers

The distinction between the users and the customesucial in the process software service
design due to differing requirements and a diffesegy of evaluating the quality of the service.
In the urban planning context, we consider theamst as the person or organization making
the decision to implement PPGIS and participatoocesses. Without the initial decision to use
PPGIS methods in a municipality, one cannot infiat PPGIS is what the municipality wants
or needs. The concept of the service to be develbps to be presented in an understandable
way that highlights the main benefits for the cus#o and the users. Presenting the service
either leads to a decision of implementing the iseror to modifying the concept to fit the
specific requirements of the target customer. CGaftgr a positive decision to buy or to use
software that the concept presents, the developtogaether with the users begins.

PPGIS users in urban planning

The proper definition of different user groups dahd level of their skills allows to focus the
design decisions on the right issues. The main grgerps in PPGIS for urban planning can be
considered to be:

urban planners,
citizens.

In the urban planning context the general skillanfurban planner who focuses on land use
planning can be very different from other urbannpkrs who, for example, focus on
transportation planning. Urban planners may al#ferdin terms of general computer skills. In
softGIS we have identified the main tasks that rtedask done for creating a PPGIS service and
using it in the urban planning context.

The identified high level tasks include:
creating content for a PPGIS service,
marketing the PPGIS service,
analyzing the outcomes of the PPGIS service,
presenting and/or using the outcomes for urbamgodgnpurposes.

Depending on how each municipality has organizedr thrban planning and what skills the
individuals involved have, these tasks might begrenéd by different user groups.
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PPGIS customers in urban planning

Identifying who is the person involved in making g@&mns of using PPGIS is important as this
person or persons might be considered the custoofetise service that provide the much
needed funding. For participatory applications @wd be controversial to consider the citizen
to be the customer. Although as taxpayer to theeguowent, municipalities and agencies,
citizens support indirectly PPGIS services and gheernment is a purveyor of this support.
The ethics behind this is to develop PPGIS sericasproduce customer value. The situation
of PPGIS can also be considered as a two-sidedetatkere government agencies provide the
required monetary support by buying the PPGIS prbdund citizens are the ones who should
gain the value. Producing value for only one sidesdnot produce the same amount of value as
providing products that both sides can use andevadiutwo sided markets only one side pays,
and as clarified above in the urban planning caedunding would come from the government
side.

SOFTGIS

SoftGIS is the term used for both the methodologg #he software originally intended to
collect the residents’ perceptions of their liviegvironment and to combine them with physical
geographical information and other geospatial dajeers. Based on the principles of the
environmental psychology and participatory GIS, Gt methodology allows for the micro-
scales and individualized research on the spasipcs of relationships between human and
physical environments. Even though the methodolegy first used in a place-based research,
it has been intended from the beginning as a tapperting public participation in urban
planning [13].

To this date, softGIS data has been collected uselg-based questionnaires allowing for the
collection of both place-based and non-place-basedmation from respondents. Place-based
guestions allowed respondents to draw points, mespolygons on map, which are then stored
in a geospatial database. Other questions aretd#ed by multiple-choice and radio buttons,

slide-bars, open-ended questions, etc., which alowollect non-locational information, such

as socio-demographic background or the user fe&dbacthe questionnaire. To this date,

numerous research projects have been realized dkegoftGIS methods, including such

diverse domains as the relationships between thenwtensity and the perceived environmental
quality [33], child-friendly environments [34] orlhan mobility patterns, which is an ongoing

project.

In recent years, there has been a development &ff@upport decision making by integrating

softGIS data into the urban planning process. Bogirements for sustainability of the service

have been raised, and. the deployment of partmipateb services and their continuation from

one project to the other was the main requiremeeto® we provide the examples of the

services that have been developed along with theiderations over the problems encountered
and the software development methods used.
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SoftGIS questionnaires

SoftGIS questionnaires has been developed for nmaagicipalities and cities in Finland
including Helsinki and Espoo - the two biggestastin Finland. These questionnaires were
developed to provide flexibility in adding new feegs and contents with as good as possible
usability. Usability, data reliability, and diffare requirements for the data collection and
research using the data were the main prioritiesléoeloping these questionnaires. As a result,
we implemented a platform where questionnaires vdefened with writing JSSON and new
features could be easily added with the help oéSenipt and html. The ease of use was aimed
at software developers with a knowledge of javascrhtml and JSON formats. The
guestionnaire has been successfully been deployachumber of cases since the first version
was used, including, besides Finland, also Japdmiastralia. Although the questionnaires did
fulfill their purpose and they are still used thése constant problem of the cost of setting up a
new instance of the questionnaire. Developing amaying such a questionnaire does require
a developer with the right skills. These developars usually hard to find and expensive.
Moreover, combining softGIS with urban planninggiiees in the form of web questionnaires
only provides a low level of participation. To b@leto support both higher and lower levels of
participation other types of services needed toriamented.

SoftGIS urban planning service

The softGIS services developed to support urbamnphg in different stages are a combination
of different prototypes. These prototypes has bemeldped and experimented with in different
urban planning cases in Vaasa and Jarvenpaa. Sothe prototypes are clearly valuable and
their maintenance and further development is orggolime prototypes developed until today
under the softGIS methodology include:

geoforms service enabling the creation and deployroksoftGIS questionnaires,
dashboardallowing citizens to view urban planning projectsa map,

planning proposakervices, which aims at presenting a draft urban phd enabling a map-
based discussions over the proposal,

idea competitionservices aiming at allowing citizens to evaluataltiple planning and
development ideas,

analysis applicatiorwhich allows for the visualization of questionmaanswers.

The development of the first three services (daatthogeoforms and planning proposal) has
been following the lean development practices, twieoabled the efficient usage of scarce
resources. Concept problems and failures have beewvgnized early in the development
process, which has saved a lot of development firhe.two latter services (idea competition
and analysis application) have been following défe approaches.

At the moment, the most popular service that hasn biegplemented is the geoforms
guestionnaire service. The other services are um@eelopment or suffer from various
problems. Some of the problems that have been @emsl require changes in the existing
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urban planning practices and thus cannot be redawtely by further software development

investments. All of the services are still at amiahstage of the development process, therefore
it is not easy to attribute their success or failaolely to the software development method.
Below we present the services supporting publi¢giggpation in urban planning developed as

part of the family of the softGIS services. In eaase we provide the information on the

software development method and reflect on theasaility of a feature.

Geoforms

Geoforms is a service that enables the urban plasmine researcher to create questionnaires,
publish them, and download the collected data ¢ir thwn computers. The software has been
used in the cities of Vaasa, Jarvenpaa and Lislsog. ). Some of themain problems
encountered during the meetings and interviews witlan planners, has been their lack of time
to learn to use a new software. What is more, natlunicipalities do not have enough urban
planning cases suitable for usage of the geofoemsce. The time that urban planners are able
to devote to learning a new software is scarcendJsi questionnaire in an urban planning
project has to be done with care and in the right fra@e during the process. This filters down
the number of projects that are suitable for usigquestionnaires to only a fraction of all the
ongoing projects in a municipality. The use of #evice by each urban planner does not
happen often enough to master the user interfdas.sltuation either requires the municipality
to assign a person to create questionnaires artlentire participatory service for all planning
projects, or calls for a simplification of the qtiesnaire creation and analysis of the data.
Another way to support users and providers of thvise is to form user communities and
developer communities that would share informa#ibout the proper use the geoforms and the
best practices. To be able to create such commsittitee usage of the software should grow to
reach a point where such communities would bessesiaining.

Remover Gravar

ite-te mudar para

Fig. 2.the geoforms application used for place-basedareben Lisbon, Portugal

Dashboard

The dashboard is the simplest service in the s8ft@mily of services. It enables the citizens to
browse ongoing planning projects and to navigathegoarticipatory service that is currently in
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use for a particular project (Fig. 3). The dashtdaaives the problem for the citizen of finding
out which projects in a municipality invite the paipation and provides easy navigation to the
service. This enables the service to support melgpnultaneous projects. The requirement for
the dashboard did not come from the customer, doum the development team. The solution
has been positively received by the customer. Tashlobard has become the main part of the
softGIS service and serves as the entrance pagéhdocitizens involved in participatory
planning..

hinwads sk, = rekigesSidy kivroshe

Dle mukars vaikurtamassa Eteliisen
Kaupunginselin tulevaisauteen! Haluatko, etta
imen

lueeksi vai etth rannat ja
ruovikko pidetiin kurissa? Kerro maille, miti
toimenpiteits sinun mielesti Evldiselli
Kaupunginsebilla pitkisi tehdi ja milta sink
haluaisit, etth Erelliinen Kaupunginselkil niiytokisi
tulevalsuudessa! Siirry sovellukseen.

on Vassan kaakusts ja
vaikuta elinymplristébsil NiLL sivuills phiset
kertomaar, millainen paikka Vaasan keskusta on
asua ja elia Kysely on osa Vassan kaupungin
keskuntastrategiatydti jota tehdiin yhdessi
ksupunkilaisten [ el taimijoiden kansss.
Strategistybn tavoitieens on rurvais keskustan
wviihryisyys myds ruleveisuudessa seki kehitrdi
keskustasta entisti vetavoimaisempi ja elivimpi
alur 5

Fig. 3.the dashboard application, currently used in ttyeof Vaasa, Finland.

Planning proposals

The service has been developed to present the paonsals on a map and to enable map-based
discussions (Fig. 4). The discussion takes a fofranoargumentation map [14] albeit with a
minimal set of features. The service has been usetia city of Jarvenpaa for twof the
projects:Lepola Il andPerhelan!kortteli The former did not seem to draw the interesthef t
citizens, and received only a few comments. Therdadrew more interest and with a small
marketing collected about sixty comments from thersis

Jarvenpaa

ARVIOI EHDOTUSTA

Merkitse suurnitelmaan, missé kohdissa kaava on
onnistunut ja mita kohtia pitiisi kehictai. Kiyth
alla olevia piirtotyskaluja.

@ Nityta muitten paikannukset

Paikka

Reitti

Fig. 4. The planning proposal application with a user c@minthe application is currently used
in the city of Jarvenpéaa, Finland
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The planning proposal application is still undevelepment and requires further testing with

the end users. Until now, a few problems relateth&o service have emerged. Most of them
have been related to presenting the draft plannmaaner understandable for the citizens. The
problem also includes the data format of the plahih is not open or otherwise compatible

with web mapping. Nevertheless, the municipalitiesve shown an interest in further

development of the service and the development isinggo

Idea competitions

Idea competition is a way to present urban planmilegs to the public for evaluation. In the
city of Vaasa an idea competition was organizechwite help of an internet evaluation
application. Citizens were allowed to view graphepresentations of the ideas, read the
explanations, and then evaluate the proposals diogpto several factors, such as: activities,
atmosphere, social, aesthetic, and overall. Cisizeere also allowed to submit free comments.
In the Vaasa case there were four ideas that hexl developed to facilitate the evaluation work
for the citizens. Thirty six evaluations form theeus were collected during the idea competition
phase. Fifty percent of the evaluations were dagtbwards one of the ideas and the rest of the
ideas got an equal amount of four evaluations eahls indicates a usability problem in the
software as the idea that was listed the first orlisheeceived the half of all contributions.

Further development concerning the idea compesitibas not been made due to lack of
resources. The idea competitions did not have ar ddesiness model and thus the costs of
maintenance and further development could not bered. In this case, we can say that we did
not successfully follow lean methods, which ledtlie service that did not suit the customer
needs, and was not able to guarantee the econostambility.

Analysis application

To inform the decision making process, the localowdedge collected through the
guestionnaires has to be presented in a comprdiemsanner to urban planners, according to
their informational needs, role in the process, trel level of knowledge and skills. To this
date, softGIS data exploring applications have been developeparagely for specific
guestionnaires with specific data sets. The analyas been done for each questionnaire in
desktop GIS, and did not automatically support d#ffie questionnaires with different semantic
combinations of the data. The biggest obstaclet@ldp a generic visual-analytical application
has been the lack of the well defined ontology dollected data. At this stage, the analysis
application development is resource-expensive andot an ongoing effort. Whether such a
service is necessary depends largely on the ldwHilts of the users. If the level of skills ofeh
data recipients allows them for the manual dataragmn in desktop GIS environment, the
service will not be implemented. In this case, daling lean thinking prevented spending
resources on an unnecessary and overly expensitigde
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TOWARDS LEAN METHODS

The implementation of lean methods in software tWgraent is challenging. It might take
years of work and require a change in the organizak culture to support the lean thinking. It
is typical for project customers to have numeroogerly specific, and even conflicting
requirements. In case of the urban planning, sofrtbeorequirements might not support the
initial idea of public participation in urban plang, nor solve the existing problems faced by
the citizens, the planner, or the municipality iengral. Evaluating which requirements are
actually valid and necessary is a demanding taskuas, and being able to explain why
something has not been implemented or will not bplémented might be even more
challenging. The lean processes are to a largeteatsout people and their beliefs in how
things work and should work. Changing organizatiandtures and being able to implement
lean software development requires effective comoation between the project stakeholders,
customers, users and developers of the serviagrod common ground.

In the long run, the governments and the munidipaliare expected to be the main customers
of PPGIS services. For such actors, the contradts seiftware developers or service providers
have to be specific. This is a fundamental probileat hinders implementation of lean software
development methods for government projects. Ledinvare development methods are about
not making large designs upfront before testingestiassic features in practice. This requires a
different kind of model to fund and develop thetaafe to be used by government agencies.
Nevertheless, we see the potential in lean metksgscially in the context of online PPGIS,
which is still an uncertain area for software depelrs and their customers.

When the agile development movement started, k tars before the benefits and results
were found. The benefits of lean development seenfigllow the same route. There is a clear
hype cycle of lean methods as there is increasmguat of successful books and online
materials covering it. However, there is still nceall evidence of the benefits of lean
development methods, only a clear incentive towdeds practices. The metrics for lean
development in the context of PPGIS still have éodeveloped and followed. Some of the
metrics might be the resources used for the softvievelopment, the number of user per
service, cases supported by the service and sh. fAg we stated earlier we consider the
sustainability of the software functions and theolehfamily of services as the core evaluation
criteria.

Sustainability, however, cannot be the sole coterespecially in such a socially and politically
vulnerable and value-laden domain as urban planrking instance, the goals of the adopting
organization might be contrary to that of disadaget groups, and there is always a need for
the sensitive evaluation of the broader societlemces of the participatory technologies.
Nevertheless, if the goal of PPGIS efforts is tatcmously improve the decision-making and
to provide a long lasting social value, systemainability remains essential. We might say that
the sustainability is the core criterion for theakesation of the software and its development
process, while task and social outcomes shouldesasvthe criteria for the evaluation of the
whole PPGIS endeavour.
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CONCLUSIONS

In the paper we articulated the need for improuestasnability of the Public Participation GIS
services for urban planning, as well as the basuative criteria for the PPGIS efforts. As an
effort to overcome the low rates of the real-lifdoption of participatory technology, we
proposed the use of the lean software developmettiads for PPGIS software. To exemplify
the software development methods in use, we predesgiveral ongoing development projects
within the softGIS service family, along with theaenples of practical implementations in
urban planning cases in Finland. The future work fecus on the evaluative criteria for the
software development processes, the sustainabilityeoservices, as well as the task and social
outcomes of PPGIS projects. The knowledge basebeibbroadened by expanding the customer
base for the software including the municipalitesl planning agencies in Finland and in other
countries, such as Poland and Portugal, as welhmasa different customer and user groups.
The long term goal of current softGIS efforts igivelop a set of sustainable and flexible tools
for public participation in urban planning that aable to operate in various cultural,
institutional and organizational settings, thustdbnting to sustainable urban development
globally.
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Abstract

This paper treats development issues of the subuab@as of Belgrade city. A considerable
growth that the city had experienced has led tessiwe consumption of land and also to
degradation of the landscape and loss of the rdtiodiversity. This is why an augmentation
of the current Master Plan within the administrataxtents of the city is considered to be vital
for consistent planning of suburban areas developndodel used in this paper considered
defining land-use suitability, relying on availabteematic data, including the following
sources: topography, land-cover, geology, protectexhs and some synthetic maps derived
from these sources in a GIS environment. For thipgee Support Vector Machines (SVM)
algorithm has been implemented in a typical supediclassification learning task. Two
modelling schemes have been involved (since then npaoblem of the study was the
unavailability of the land-use suitability in thesting area): MODEL1 has been built in the
extents of the training area having only two las@-guitability classes at disposal (Unsuitable
and Very Unsuitable) and extrapolated to the tgséirea within which the same two classes
were known (thus available for model performancal@ation), while MODEL2 has been
trained on all four land-use suitability classesd axtrapolated to the testing area, with
unknown land-use classes. The second model wasctreglated with the first one in order to
estimate its otherwise disputable performance. RestiIMODEL1 were satisfactory, with high
overall accuracy (85%). MODEL?2 visually shows a gdeddency, and since it has at least
85% accuracy for those coincident two classes (UWasiei and Very Unsuitable) with
MODELL1, it is justified to assume that remainingtalasses match similar accuracy rates. The
model could be improved by more thorough optim@atof the classifier parameters, which
will require much longer experimenting costs.

Keywords: land-use, suitability, machine learning, @GS, Belgrade
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INTRODUCTION

Land-use suitability (LUS) analysis is a tool useddefine future land uses or their potential.
Suitability techniques enable environmental marggglanners and engineers to analyze the
interactions among various factors. Analysts aea thble to map these interactions in a variety
of ways. Public officials and developers can uss¢éhmaps to set policies and make decisions
regarding the use of land. Contemporary environaienanagers and planners are aware of the
technological advancements in land-use allocatimh suitability modelling. New methods of
spatial analysis are now commonly used in the dgwveént of land-use plans, environmental
impact reviews, and site selection studies for mdifferent land uses and public and private
facilities [1]. One of the state-of-the-art methods/olve machine learning techniques
implemented hereinafter. Conventional methods enatiner hand, are still needed to validate
the outcomes and to calibrate these methods, whéchtidl to be developed and perfected.

The main objective of this study is to use avadaplblic data and process them in a GIS
environment for estimating a model of LUS. There wadrong motif supporting this research,

since ineharged City’s government services have shownesten extending the Master Plan

(MP) to the Belgrade suburb areas, thus needimyadsLUS assessment.

Belgrade has a long history of development underfidmework. First MP wa3he Plan of
Borough in the trenchy Emilijan Josimoviee from 1867 and lase (in power) idMaster Plan

of Belgrade 2021(adopted in 2003). The first pro-European TownnPtd Belgrade was
introduced by Alban Chambon, a French architecf,9b2 (Institute of Urbanism Belgrade;
http://www.urbel.com). Since then, MPs had beeniphbd and adopted successively ir-26

years intervals.

The earliest applications of suitability analysenducted by engineering geologists and civil
engineers for Belgrade MP area, in form of handvdraieve mapping overlays was done by
Sutiee[2]. Later, numerous researchers performed sinslaitability analysis for different
purposes (urban planning, defining best/optimaldroautes etc), but first work involving
suitability analysis in GIS environment has beemedan 2009/2010 [3], [4] but none for
Belgrade area.

CASE STUDY AREA

The study area includes the territory of Belgradtg, @he capital of the Republic of Serbia. For
the purpose of machine learning, study area has @ie@led into the following splits: training
and testing area (Fig. 1). The training area inetlithe territory of Belgrade MP, while the

50 GlStva 2013- Geoinformatics for City Transformations



Land-use suitability analysis of Belgrade city sulsunbing machine learning algorithm.

remaining part of the Belgrade City territory (whis herein considered as suburban area) was
adopted as the testing area. The basic descriptbrthese areas are given in Table 1.
Geographic extents of Case Study Area are: 49949090R2405S; 7419130E and 7488830W
(ArcGIS predefined spatial reference system: MGIn$varse_Mercator/Zone 7)

Table 1.Basic data about Case Study Area (Republic of &gybpulation Census 20%1First
Results; www.stat.gov.rs)

Case Study Area Area (km?) Population (2011)
Training 776 1 373 000
Testing 2446 266 121

Fig. 1. Geographic location of the study area (blank=trginhatched=testing area).

DATASET

The dataset has been assembled from different ne@=gyuand required different pre-processing
manipulations, dependent on the model requireméritas been established as a set of featured
raster layers in a GIS environment.

COMPRESSIBILITYaster was made by reclassifying geological ulitssic Geological Maps
in 1:100 000 scale (sheets: Belgrade, Paneevo,nObae and Smederevo) were digitized and
then reclassified by using ground compressibilgyaariterion. Five categories were defined by
the degree of ground compressibility [5], [6]: Vdmgh, High, Medium, Low and Very low.
Very high degree of compressibility was consideasdvery unsuitable for urbanization, and
vice-versa (Fig. 2-a). The reclassification wasalbecause original geological units were very
diverse and complex for the analysis since theytamimore than 50 classes.
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The LAND COVERproject is a part of the Corine program (Europ&arnironment Agency;
www.eea.europa.eu) and is intended to provide sterdi localized geographical information
on the land cover of all European countries. Come¢hodology implies visual interpretation of
false color composites (4, 3, 2) of Landsat TM ie=m@30 m resolution), which turned as a very
convenient resource for this research. The Coand lcover classes comprise of three levels,
and herein, the third level has been used at 10000scale. New (intermediate) classification
was formed, because the second level of Corinesetasvas too simple and third was too
complex (Fig. 2-b). Land cover classes were madiifreclassified) into five classes (Table 2)

Table 2.Land cover raster classification
Corine Classes (Level 3) Reclassification
Continuous urban fabric
Discontinuous urban fabric
Industrial or commercial units Class 1 (Buikup area)
Port areas
Airports
Construction sites
Pastures
Natural grasslands
Non-irrigated arable land
Complex cultivation patterns
Land principally occupied by agriculturg Class 3 (Conditionally suitable for the
with significant areas of natural urbanization)
vegetation
Beaches, dunes, sands
Green urban areas
Sport and leisure facilities
Vineyards, Fruit trees and berry
plantations
Broad-leaved forest
Coniferous forest
Mixed forest
Transitional woodland-shrub
Road and rail networks and associated
land
Mineral extraction sites
Dump sites
Inland marshes
Water courses, Water bodies

Class 2 (Suitable for the urbanization)

Class 4 (Unsuitable for the urbanization)

Class 5 (Very unsuitable for the urbanization)
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When analyzing an area for urban development rehefacteristics in generally play a major
role [7]. Therefore, initial computations considérgenerating 50 m resolutioDIGITAL
ELEVATION MODEL(DEM) [8], by digitized 2.5 m equidistance contgutssing Topo to
raster interpolation method [9], [10], [11] of th&patial Analystextension in the ArcGIS 10.
DEM has been further used to gene@it®©PEandASPECTrasters [12].

Urban planners consideASPECT to be a significant attribute when projecting urba
development [7], since it is necessary to calculéte solar illumination for each
location/cell/pixel [13]. Criteria used for this whel is that the most suitable for building are the
flat and westward exposed terrains. Vice-versa,l¢hast suitable is a terrain exposed to the
north (Fig. 2-c). However, for the basic experinngmt design, non-classified (continual
numeric)ASPECThas been used.

0 50 km
| |

Fig. 2. Dataset: a) Ground compressibility (1=Very Low, 2wl.8=Medium, 4=Very High,
5=High); b) Land Cover (1=Built-up area, 10=Suitaldethe urbanization, 40=Conditionally
suitable for the urbanization, 70=Unsuitable for tineanization, 100=Very unsuitable for the

urbanization); c) Aspect (scale in degrees); d) S{@peVery Low, 40=Low, 60=Medium,

80=Very High, 100=High)
e) Hydrology (distance in meters) f) Protected sa@aNon-protected, 100=Protected)
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SLOPEraster is found significant for the model sindeo&lthe landslides on the territory of the
City of Belgrade are foned on slopes greater than 7°.[#herefore, lower slope values as well
as flat terrain were considered to be more suitiblbuilding and vice versa (Fig. 2-d).

HYDROLOGYraster was made by bufferindgyclidian distancemodule in ArcGIS 10)
digitized occasional and permanent stream flowsy. (E-e). Streams were digitalized from
Topographic maps of Belgrade (scale 1:100 000).

PROTECTED AREAS$ an attribute raster resulting from compilingotwnaps: Zones of
Sanitary Protection of Fresh Water Sources and Swidaigtat, both on the administrative
territory of the City of Belgrade. Extents of ragi®ed features are digitized from existing maps.
According to the current legislation and Rule Bdok defining and maintaining zones of
sanitary protection of sources for water supplyifgpne of sanitary protection is an area
around water supplying object, where building antivaies of built objects as well as the
conducting of any other activity is being surveyeBiivamp habitat is considered to be an area
either protected by the decree of Institute of KatQonservation of Serbia in order to protect
biodiversity or simply not suitable for building dsuse of its geotechnical characteristics.
Therefore, marked territories from both maps wevoasalered as areas where building is
forbidden, hence evaluated as not suitable (Fig. 2-f

METHODS

Support Vector Machines (SVM) algorithm is a subrmh of Neural Network algorithms,
which has been proven successful in various agpits, including different types of spatial
modelling [14]. Herein, this state-of-the-art mashiearning algorithm has been implemented
in a typical supervised classification learningtaghich could be briefly described as follows.

The main objective is to exploit the possibilityaftomating the process of mapping, i.e. mak-
ing a plausible prediction of spatial distributioh land-use suitability (LUS) class&3={c;,
Cy,...,G}, Wherel stands for the number of LUC classes. The proceassames that there is a
reliable interpretation of LUS classes in one reprgative region, called training region. Let
P={x|x] R} be the set of all possible pixels extracted frthra raster representation of a given
area, then each pixel instancés represented by-dimensional vectok={x,, X,,..., X}, where
eachx; represents one of theattributes (geology, land cover, stream buffesps| aspect and
protected areas). A functioip which mapsP® C is called a classification if for eacti P it
holds thatf(x)=c; whenever a pixek belongs to the LUS class. For a given training area,
there is a limited set ah examplesx;, ¢), xI R, ¢i C; i=1,...m. The machine learning ap-
proach tries to find a functiofy which is a good approximation of unknown functignusing
only the examples from the training set.

Originally, SVM is a linear binary classifier, bohe can easily transforitaclasses problem
(multinomial classes) into a sequencel gbne-versus-all) of(I-1)/2 (one-versus-one) binary
classification tasks, where using different votsahemes leads to a final decision [15], [16].
For the simplicity, let a binary training se,¢), xil R, qT {-1,1} be considered. SVM algo-
rithm attempts to generate a separating hyper-pianke original space af coordinates be-
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tween two distinct classes (Fig. 3). During thenireg stage the algorithm seeks for a hyper-
plane which best separates the samples of binasges (classes 1 antl). Leth;: wx+b=1 and

h..: wx+b=—1 (wxI R, bl R) be the possible hyper-planes such that majofity @ass instanc-
es lie aboveh, (wx+b>1) and majority of-1 class fall belowh.; (wx+b<-1), whereas the ele-
ments belonging to eithéx, h; are defined as Support Vectors (Fig. 3). Findingther hyper-
planeh: wx+b=0 as the best separation assumes calculatiagdb, i.e. solving the nonlinear
convex programming problem. The best separatiorbedonrmulated by defining the maximum
marginM between the two classes. Sirde= 2|jw|[*, maximizing the margin leads to the con-
strained optimization problem and obtaining optimél Despite of having some instances
misclassified it is still possible to balance betwehe incorrectly classified instances and the
width of the separating margin by introducing thesipive slack variable§; and the penalty
parametelC, representing (i) the distances of misclassifieth{s to the initial hyper-plane and
(i) the penalty for misclassified training pointbat trades-off the margin size for the number
of erroneous classifications, respectively. Thel go#o find a hyper-plane that minimizes mis-
classification errors while maximizing the margietlween classes, which is done by solving the
optimization problem (in its dual form). Supporedafors for whichC>a>0 condition holds,
belong either tdy; or h; (their w* is a non-zero value). Let, andx, be two Support Vectors
(C>a,, ap>0) for whichc,=1 andc,=—1, such thab could be calculated from =—0.5" (X;+Xy),

so that:

fo(x;) =sgn§ a,;(x; %) +b’ (1)
i=1
It is desirable to further increase the dimensidpalf R by introducing kernel function which
mapsR'® R, n<<d, i.e. x® f(x), thus allowing the basic linear variant of theN&\¢lassifier
(Eq. 1) to be applied in tHe" space, and then retransformed back to the origthapace. The
most common are Radial-Basis Function kernels, thigr dimensionality defined by the ker-
nel width#[16]. Thus, it is possible to model the functiondptimizing only two parametelS
and#\(hypothetically, on a significantly smaller traigisets sizes).

The SVM algorithm has been implemented in Weka @e¥eloper suite, with LIbSVM exten-
sion package.

A y1=1 h1 h
a "o h2
= o
&
d\ ]
= 5
o O
@) y=-1
B

Fig. 3. General binary classification case. Shaded poamsesent misclassified instances.
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RESULTS AND DISCUSSION

The input data have had to be pre-processed taxeetthe computational cost of the model. In
this context, the following measures were undertakeminal data, such &OMPRESSIBIL-
ITY andLAND COVERhave been binarized into the appropriate numbduofmy variables (0
and 1 class), while ordinal data have beefh Aormalized. The set finally contained 14 input
attributes (4 original and 10 synthetic dummy htttés) derived from the original input set
(Fig. 2) and the LUS class reference.

The SVM experiment has been designed so that appatady one third (292918 instances) of
the total area has been used for training and éh®ining two thirds (977097 instances) for
testing of the algorithm. These splits were setkédteaccordance with the administrative ex-
tents of the city territory (MP territory and widggrritory of the City of Belgrade), thus dis-
abling strategies for balancing of the LUS clasedsaining/testing splits and limiting the pos-
sibilities for improving the training. The only apization measure has thus been involved by
adjusting theC, # parameter pair during the optimization stage, dibmeugh a 5-fold cross-
validation (for both models, MODEL1 and MODEL2 agposed later) over the training split.
This procedure has been involved in order to pretlenoverfit problem, which causes overop-
timistic training, while yielding poorer results the test split. Due to the considerable time-
consumption (in each cross-validation cycle thesifeer building lasted for 10 h, while imple-
mentation took another 2 h on conventional machiitle the following configuration: Intel i5
processor 3.3 GHz, 16GB RAM, 3GB of which were klde for the Java emulation by the
64-bit OS Windows 7) the optimization of the par#eng was also rather limited. Only four
combinations of the following, # pairs were considered (100, 4) and (10, 0.1). éfigltccura-
cies were achieved with the first pair, he@€l00 and#=4 were the parameters of choice.

Since the model could have been evaluated in Stmtearea by the incomplete LUS reference,
involving only Unsuitable and Very Unsuitable clagge model was first built on the modified
training reference, wherein the Conditionally Sbikaand Suitable classes (=0) were merged
against Unsuitable and Very Unsuitable (=1), leadang binary classification task. This model
was labelled as MODELL1. Subsequently, MODEL2 waxppsed as a hypothetic model of the
original (all four) suitability classes mapped onhe testing area. The difference is thus that
MODEL1 trained on only two classes while MODELZ2ited over all four LUS classes, but
they bout could be evaluated by those two classks. lypothesis implies that if MODEL1
yields a plausible result it is justified to assume MEDL2. MODEL?2 thus relied on its ability to
distinguish betweeonditionally Suitable + Suitablelass versu&/nsuitable + Very Unsuit-
able class, while distinguishing among all four classesld not be properly validated due to
the lack of a complete LUS reference for the tgséirea. However, if it shows a similar success
as MODEL1 in distinguishingConditionally Suitable+ Suitable versusUnsuitable+ Very
Unsuitable it is most certainly capable of distinguishing armga@ll four suitability classed/ery
Unsuitable Unsuitable Conditionally Suitableand Suitablg, giving a complete, predictive
model of LUS.

For the easier notation let claSsnditionally Suitable+ Suitableequal CLASSO andUnsuit-
able + Very UnsuitableCLASS1. Results of the MODEL1, with 89.28% of ae@ay, seem-
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ingly sound very convincing and go in favour of thedel. Visually (Fig. 4) it is also a sugges-
tive model, which manages to capture some regylerithe pattern distribution and follows the
trends from the training area. However, the shegurds of the class-specific performance
measurement are rather unbalanced (Table 3), bE84OOELL seems to map CLASSO much
more efficiently than CLASS1. Very high True Posit rate (TP rate) reaching 0.98 suggests
solid precision for mapping CLASSO, while TP rate €LASS1 reached only 0.04, yielding
average of 0.89 for both classes. In the same titakse Positive rate (FP rate) was high in
CLASSO0 and low in CLASS1, which gave very poor parfance considering some FP-TP rate
trade-off measurement (such as ROC Area for insjamsaking the MODELL1 result plausible
but disputable.

Table 3.Contingency Tables of MODEL1 and MODEL2

LUS reference LUS reference
true false true false
. positive . positive
8 - (CLASS0) 868780 20013 8 ~ (CLASSO) 829019 77251
Wl negative W | negative
= =
(CLASS1) 84737 3567 (CLASS1) 59545 11047

Nevertheless, a relieving circumstance is thatsthe of CLASS1 was much lower than that of
CLASSO, which is a common case in the spatial ptexh framework. Herein, the CLASS1
counted less than 10% in both, training and tessplgs. This practically means that out of
88304 CLASSLI instances, only 3567 were correcthgsified but the class size which it was
working against (CLASS0) was much bigger, nearliinf®es as much. This aspect has been
considered in MODELZ2, and as expected, some impnewnts were noticed. Thus, the outcome
of MODEL1 can be taken with certain reserve. Peshthip best way to truly evaluate the per-
formance would be with some fuzzyfied similaritypapaches, such as Fuzzy Kappa statistics
[17].

MODEL 2 has been trained under the same experinguiiesign, i.e. using the sar@e# pa-
rameter pair (100, 4) after 5-fold cross-validatiand the same training/testing splits. As indi-
cated above, the balance of the classes was gligittte convenient, and accordingly, the re-
sults have been improved (Figure 5). In MODEL?2 alleaaccuracy reached 85% which is simi-
lar to MODEL1, but has significantly better TP/Ftes for CLASSO and CLASS1 (0.91 and
0.84, respectively). Particularly encouraging dre trends and patterns which are extending
from the referent LUS map (the bold contouretlaining area in Fig. 5), which is evident from
the visual inspection of the map (note the contioucof the units bordering the training area in
Fig. 5).

The initial post-processing (filtering by 8x8 majgtfilter) did not resulted in higher precision,
but the fact that there are some logical errorasglislands, pixelation and so forth) which
should be exploited by some more advanced filtescigeme.
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25 km

Fig. 4. SVM MODELL1. LUS CLASS1 of MODEL1 is shown red. Reént (testing) LUS
CLASS1 Unsuitable+ Very Unsuitable shown in black contours. Training area (MP arga)
contoured bold black.
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0 25 km
| |

Fig. 5.SVM MODELZ2. 1=Suitable 2=Conditionally Suitable3=Unsuitable 4=Very Unsuit-
able Referent (testing) LUS CLASS1 is shown in blacktoars. Training area (contoured
bold black) shows a present LUS map based on MEhéoCity of Belgrade.
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CONCLUSION

The study completes a typical supervised machiagyieg-based classification task, targeted at
prediction of the spatial distribution of referdrt)S classes on the area with unknown LUS.
Modelling design followed a typical training/testimonfiguration by using the state-of-the-art
SVM machine learning algorithm. The results proeawncing, reaching high accuracies for
some classes, allowing a speculation on the acpymilcation of the model (if the interest of the
corresponding city service proves realistic). Thggest shortcoming of the model concerns the
Unsuitable+ Very Unsuitableclass, which does not yield significant accurdnythis context,
some progress is evident in transiting form MODEQIMODEL2 which has to be related to
the fact that class balance plays important rolhénlearning process, thus favoring the result
of MODEL2 which has more classes than MODEL1, dmetdfore a better balance of the class
populations available for learning. However, tlisan on-going research and there are several
directions to look for improvements. Firstly, m@évanced post-processing schemes could be
involved to eliminate logical errors and therefoaése the modelling performance. Secondly,
input dataset could be enriched with some additidata, e.g. water table levels, or data from
borehole sampling (if these become at disposahbycburtesy of corresponding city services).
Finally, the model could be improved by more thgtouoptimization of the classifier
parameters, which will require much longer experitimgncosts (time-wise).
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Abstract

INSAR is a method allowing to monitor Earth-surfatfsdormations using satellite data. In our
project, we use this method to monitor deformationshe area of Northern-Bohemian coal
basin (between the Most and Chomutov cities). Dua significant decorrelation of the area,
there were 11 corner reflectors installed in theaain order to provide a coherent reflection
back to the satellite.

However, due to the fact that the reflectors areuaB-5 kilometers far away from each other,
the problem of phase unwrapping (ambiguity resohtiis not trivial. In our project, we have
15 TerraSAR-X scenes available up to now, withitterval of about 33 days. We process only
the reflector information, with interpolated coordies and phase. The processing is performed
partially manually, partially automatically.

Software packages developed for INSAR are not Ideitéor our problems due to various
reasons; we use them only for certain auxiliarkgas

Keywords: synthetic aperture radar, interferometry, persistent scatterers, artificial
reflectors
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INTRODUCTION

Synthetic aperture radar (SAR) interferometry (IR§As becoming a well-known technology
for deformation mapping. Instead of in-situ meam@sts, often performed for each point
independently, it uses satellite radar data togs®@ whole area of interest at the same time.
However, the method gives reasonable results ontjty areas where there are many artificial
objects. In the countryside, we often encounterddeorrelation effect: the microproperties of
the surface change between the two acquisitionthémrder of the radar wavelength, i.e. a few
cm).



lvana HLAVAEOVA, Lena HALOUNOVA and Kvitoslava SVOBODQA

Conventional INSAR allows to process two radar iesagwith the result of deformations
estimated to occur between the two dates of adogunisiThis is often considered as insufficient,
and therefore the persistent scatterers (PS, or R&n8&ethod was developed, processing a
series of scenes, resulting in the deformationeseor estimated deformation velocity (more
often). In order to deal with the limited amountamimputational memory, disc space and also
computational time, not all pixels of the scenes @rocessed, only those that are considered
more precise or coherent (in the first iteratioixefs with high intensity and low intensity
variability are selected).

A key problem of the InNSAR method is phase unwragpiThe principle is that the
deformations are estimated as a difference in pbeseeen the two scenes (corrected for other
influences, such as flat-Earth and topography, lwothputed for the known orbit parameters
and a given digital elevation model (DEM)). Howevenase is (by definition) wrapped in the
(-p,p) interval, though the deformation is a real numbEnerefore, the phase must be
unwrapped in order to stand for the deformatiowl, thve multiple of » to be added to the phase
is ambiguous.

Phase unwrapping is the method for estimating thees@ ambiguity. The problem is relative,
reference both in space and time must be specifiéén, it is usually assumed, that the
unwrapped phase difference between two neighboyoigts and two consecutive scenes is
always in the {,p) interval. This statement makes a limitation te thmaximum detectable
deformation and depends both on the scene resol(issp. density of the processed points)
and the interval between the particular acquisgtion

In addition, due to noise, the condition of pha#éince between two neighbouring points
cannot be always fulfilled. Different methods (angblementations) of the phase unwrapping
problem differ in the way of dealing with this ptelm. Usually an independent information
(such as coherence) is used to make cuts, prolghitenphase unwrapping path to cross them.

In our project, we are monitoring deformations ie thorthern-Bohemian coal basin, between
the cities of Most and Chomutov. There is a hugengpit mine in the area, with some villages
and industrial zones around it. Most of the procgssmea of interest is decorrelated due to
vegetation (the open-pit mine and the Ore mountaihberefore, there were 11 artificial
reflectors installed in the area, providing a stroeflection back to the radar, and therefore
expected to be coherent.

By misunderstanding, the reflectors were not desigas trihedrals, but as dihedrals, and
therefore the requirements for orientation accuraoy stronger. Also, the intensity of the

reflected signal varies by two orders, and alscatt®iracy of the estimated deformations varies
a lot.

METHODOLOGY

For processing, we use data acquired by the TeRa%/Aatellite (operated by DLR), in the
StripMap mode with resolution of approx. 3x3 m. Hoenes are acquired usually once per 33
days, with some exceptions, on the descending teaiy in the morning. The acquisitions
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have been performed since June 2011, so up to tieese are 15 scenes available. The
incidence angle is the lowest possible - about 3pets.

In the image, the reflector looks as a group (wighape of a cross or rectangle, depends on the
strength of the reflected signal) of very brightgds and can be usually found by the naked eye.
This is not the case of reflector no. 9, whichiisaged in an area affected by layover. Here, the
reflector cannot be found by the naked eye, bupdtsition can be estimated using thiarg
script, enclosed in the GAMMA software [1].

The ptarg script enables to estimate the position of theeotdir with a subpixel precision.
Better position precision allows better evaluatimth of the phase (which is interpolated) and
other phase influences (flat-Earth phase and t@pdge phase), which are then subtracted. The
interpolated intensity reaches from approx. 1° (t6flector 8) through 6 . IQreflectors 1, 6)

to 1 . 16 (reflector 9, situated in the layover area). Tieripolated positions of each reflector
also vary among the images: standard deviationshré@m 0.08 to 0.15 px in the range
direction, and are a bit smaller in the azimuthection. It can be said that the lower the
intensity, the higher position standard deviatidine variability can be caused either by
inaccurate orientation of the reflector, or by sleroundings of the reflector.

The layout of the particular reflectors in the apéaterest is shown in figure 1.

Reflector 1 is situated in the industrial area Kaiaway, among buildings. Reflector 2 is situated
right inside the open-pit mine, near a small halesgined for various measurements. Reflector
3 is situated in a builtp area near the industrial zone Zaluzi, reflecdoamd 5 are situated in
villages Horni Jigetin and Eernice. Reflector Giisated at the edge of the opeih mine.
Reflector 7 is in the Jezegi castle, more thanmi@bdove reflector 6. Reflector 8 is - similarly
to reflector 6 - at the edge of the ogaihmine. Reflector 9 is in the forest near theeggzlam,
reflector 10 is in the village of Wsokéa Pec anfleaor 11 is in the industrial zone near the
Vrskmao vilage.

The DEM used

INSAR method can be used either for DEM generatidnthere are no Earth-surface
deformations in the area of interest), or for defation monitoring. In the latter case, a DEM is
neccessary for estimation and subtraction of th@odoaphy phase component. Its value
depends significantly on the orbit setout (perperdidoaseline) between the two scenes.

First, we tried to use ASTER GDEM V1 [2], but theultimg interferograms were very noisy
due to the noisy DEM. Therefore, we use the SRTNu{fe Radar Topography Mission) DEM
acquired in X-band (processed by DLR) [3]. Howetkeis DEM does not cover the whole area
at our latitude. Fortunately, there are no reflecto such a 'hole’, but the 'hole' is in the botto
left corner of the area of interest (figure 1), eong the (coherent) city of Most. In future, we
plan to use ASTER GDEM V2, known to be more precise

In addition, the SRTM DEM was acquired in 2000 gsinterferometric technique. Since that
time, there have been many changes in the ardeeaipgen-pit mines, resulting in false 'DEM-
error phase changes'. In order to avoid theses(rmoorder to be able to estimate atmospheric
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contribution), the SRTM-X DEM was combined with aEM acquired using aerial
photogrammetry (available only for the area of cp&mmines) received from the Czech Coal
company. Unfortunately, the photogrammetry DEMa$ awvailable for the 'hole' in the SRTM-
X DEM.

Fig. 1. The area of interest with the positions of thevitial reflectors (1-11). The image is
flipped by the vertical axis and a bit rotated. Redhts signify higher intensity, and therefore
lower probability of decorrelation. (c) DLR.

Results from PSINSAR processing

There are several software packages for PSInSARepsoty. We use two of them: the
GAMMA software, which does not give reasonable lsstor 15 scenes (too noisy), and
StaMPS [4]. StaMPS gives reasonable results ircase since the time we have had more than
8 scenes available; however, it has some disadyasitathe corner with no DEM data is
processed as the altitude was 0; and althoughetifectors were selected in the first step to
have enough quality, they were excluded during eouisve processing, so we do not have the
results for the reflectors.

Figure 2 shows the deformation estimated by th&1Bt package in the area of interest: as
expected, the most area with highest subsidendkei€Ervinice corridor, with approximate
deformation of about 1-2 cm/year.

Semi-automatic processing

In order to get the deformations for the particukftectors, we were forced to perform manual
processing; however, due to its time demands, sarts pf it were automatized.
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