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Preface

Geoinformatics has grown from a routine data manipulation tool to a sophisticated suite of programs capable of
providing plausible solutions to problems of development. Newer GIS endeavours seek to break free of the
proprietary mould and take a participatory approach to development. This is in the true spirit of science breaking
down barriers of affluence and technologies and making it accessible across the world. The papers presented at
the Second Applied Geoinformatics for Society and Environment (AGSE) summer school-cum-seminar and
included in this proceedings volume reflect this underlying theme of development, but also does not ignore the
fact that the Web 2.0 environment has GIS as its corner stone and that technological innovations in GIS match
those in other Web 2.0 applications.

The papers cover scientific and application oriented tracks classed into seven broad themes of current relevance
to geoinformatics, viz., (1) Environmental issues, sustainable development, millennium development goals, (2)
Photogrammetry, earth observation systems, information extraction, (3) Spatial data infrastructures, E-Cadastre,
(4) Internet-based applications, Open Source solutions (5) LiDAR data analysis and 3D visualisation, (6) Alumni
experiences and business development and (7) Disaster and risk management, flood modelling, hazard
prevention.

The international flavour of the participants and the alumni of the department as well as the application and
scope of GIS and related technologies across the world are revealed by the fact that the papers in this volume
have originated from over 17 countries, spanning the globe from Indonesia to El Salvador and from Canada to
Sri Lanka. Papers focusing on pressing socio-economic issues in developing nations like developing irrigation
and other water distribution networks, dynamic 3D flood information systems and identification of erosion prone
areas, drought risk assessment for poverty alleviation in Africa, locating wastewater treatment plants, land
collapse hazard modelling and hazard zonation share space with cutting edge technology papers on mashups,
aerial surveys with Gyrocopter, Web GIS based 3D visualization, and applications of the latest LiDAR
technologies in 3D Building Model Reconstruction, Watershed Modeling and Hurricane Disaster Management,
and LiDAR data visualization. The papers on alumni experiences and entrepreneurship in Geoinformatics hold
interest to the students with a business interest and innovative spirit.

Tutorial style papers and cookbooks on geospatial visual analysis, geo-mashups, cityGML, acquisition of spatial
data with terrestrial, airborne and mobile laserscanning, social networking in international contexts, setting up
WMS/WEFS servers, GPS data collection and GIS data integration, and Open Source GIS are included in the
volume, adding to its value as a pedagogic resource.

This Second Applied Geoinformatics for Society and Environment (AGSE) summer school-cum-seminar takes
forward an idea that germinated in late 2007, for a renewed internationalization effort in the Hochschule fur
Technik Stuttgart (Stuttgart University of Applied Sciences — SUAS), with a commitment to ‘collaborative
science for the betterment of society and environment’. A proposal for establishing a continuing series of
summer schools-cum-seminars, rooted in the concept of knowledge sharing across boundaries and barriers, and
with the active collaboration of the alumni of this university under the aegis of Stuttgart Active Alumni Group
(SAAG) was suggested by Prof. Dr. Franz-Josef Behr of the Department of Geomatics, Computer Science and
Mathematics. The first of the series was held in the city of Trivandrum, capital of the southernmost state of India,
Kerala from October 28 to 30, 2008 on the theme of ‘WebGIS and Ecoinformatics’. The success of that program,
funded by DAAD and other German agencies, and supported and jointly hosted by the Indian Institute of
Information Technology and Management — Kerala and the Department of Geology, Government College,
Kottayam, Kerala, lead naturally to the organization of this second summer school of the series.

The overall scope of this series of conferences is to offer an interdisciplinary, international forum for sharing
knowledge about the application of Geoinformatics with a focus on developing countries, and simultaneously



evolving a new conceptual framework for collaboration across nations. This will be achieved by continuing this
series of summer schools and conferences through the next years, supported through a planned online journal.

The conference would not have been possible without the collaboration and support of different people and
organizations. The editors would like to express their gratitude to the Faculty of Geomatics, Computer Science
and Mathematics, Stuttgart University of Applied Sciences, especially Beate Baur, Ortrud Dold, Hildegard
Gooss, Roland Hahn, Ulrich Haupter, Jorg Hepperle, Alexander Krdmer, and Ulrich Walter. The support of all
sponsors (see website), especially the Federal Ministry for Economic Cooperation and Development (BMZ) and
the German Academic Exchange Service (DAAD), the Deutscher Verein fiir Vermessungswesen e.V. and
INPHO GmbH, is gratefully acknowledged. Special thanks to Mirka Rodriguez de Zimmermann for her
proactive and dedicated management of the organisational issues and for keeping the contact to the participants.
A. Shamila Jayasekare has done a great work while formatting and typesetting the submissions.

As 2009 coincides with the 10th anniversary of the international Master's course program in Photogrammetry
and Geoinformatics it is a special honor for the Stuttgart University of Applied Sciences to invite the more than
200 alumni to meet again in Stuttgart and to share their experiences after graduating.

. Bel™

Prof. Dr. F.-J. Behr, Alumni Representative Dr. A. P. Pradeepkumar, Representative
Stuttgart University of Applied Sciences STUTTGART  Active ~ Alumni  Group
(SAAG)

Prof. Dr. D. Schrdder, Director Master”’s Degree Course
Photogrammetry and Geoinformatics
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MONITORING DEVELOPMENTS IN IRRIGATION NETWORK - A
QUAD ‘S’ APPROACH
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KEYWORDS:
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ABSTRACT

Surface water is the main source for agricultural activities in Pakistan. Further, surface water resources are
depleting day-by-day due to varied causes, possibly including global climate changes, resulting in scarcity of
water available for agricultural activities. The water scarcity can be mitigated if water resources are utilized
properly. This can be done in two ways. First, water channels should be lined in order to minimize losses, and
second irrigation should be on crop-need basis. Also water can be conserved if crop pattern is practiced.
Pakistan has the world’s largest irrigation system which comprises rivers, dam reservoirs, barrages, canals,
distributaries, branches, minors and watercourses. The watercourses run through the agriculture fields and act
as the ultimate source of water to the field crops. Most of the watercourses in the entire irrigation network in
Pakistan are unlined resulting in enormous loss of water due to seepage. A study conducted in Pakistan showed
that about 40% of water losses take place at watercourse level and about 15% losses are due to seepage and the
remaining wastage occurs due to evaporation. In view of the above scenario these watercourses are being lined,
involving a huge cost. Regular monitoring of the development work being carried out through a reliable and
user-friendly information system is one of the key factors for the success of such a large project. At present the
official records of the entire irrigation network in Pakistan are kept in paper-based maps and registers, which
are difficult to handle and analyze. Besides, these maps lack geographic referencing as well as regular updation.
The paper- based approach is also used for monitoring. This paper is a case study of the irrigation system of
NWEFP province which comprises 70,000 watercourses. The system developed for monitoring development work
involves mapping through satellite images (SPOT-5), development of customized GIS software and database
development (SQL Server), and a communication system to transfer data via GPRS/GSM collected at
watercourses using PDA/iPAQ by the monitoring teams. The developed methodology was named “Quad S
Approach” derived from four ‘technologies used in this study i.e. SRS, GIS, GPS, and GSM. The system is
capable of: collecting field data, updating records, generating reports and maps to serve current day-to-day
needs. In addition, possible futuristic enhancement may incorporate several other themes as well as attributes
such as: soil classification maps, cropping pattern in command areas of watercourses and so on in order to
address the needs of agricultural activities. The system developed demonstrates operational application of
Satellite Remote Sensing & GIS and associated technologies for water resource management that can be
adopted anywhere in the world.

1 Introduction

Most of the agriculture in Pakistan depends upon surface water i.e. rivers, streams, lakes and canals. The snow
covers the northern areas of Pakistan and is the main source of five major rivers i.e. Indus, Jhelum, Chenab,
Ravi, and Bias and contributes up to 80% of surface water. Pakistan has the world largest irrigation network
which comprises rivers, reservoirs and barrages, canals, link canal, distributaries, minors and watercourses
(WCs). The WCs run through the agriculture fields and act as ultimate source of water for field crops. The
conveyance, distribution, and irrigation efficiency of the canal irrigation system is extremely low due to huge
conveyance losses from main canal and their braches, from main WCs, from WCs, and from irrigation field
through evaporation, seepage, percolation and overflow due to the unlined canals, poor design and ill-maintained
WCs, defective irrigation practices, inequity in water distribution and lack of precision land leveling. These
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factors reduce the crop yields by 50-80% below their potential (Bilal 2009). Most of the WCs in the entire
irrigation network in Pakistan are unlined, causing loss of water in the form of seepage and wastage due to
uncontrolled supply of water. In 1973, a team of professors and scientists of Colorado State University
conducted a study in Pakistan and reported 40% loss of water through WCs, out of which seepage losses
contributes up to 15% while losses due to wastage accounted for 25% (Sana 2008). Later on similar studies were
also conducted by Pakistan Water and Power Development Authority (WAPDA) which also supplemented
earlier results (Sana 2008).

Global warming has certain impacts on Pakistan including longer summer seasons than usual, changes in rainfall
pattern, which impacts on the surface water and rise in temperature. Due to long summer and less rainfall, less
water is available for Rabi and Kharif crops which ultimately affects the crop yields. According to World Glacier
Monitoring Service (WGMS), measurements taken over the last century “clearly reveal a general shrinkage of
mountain glaciers on a global scale.” The world’s mighty Hindu Kush—Karakoram—Himalaya (HKH) mountain
ranges, called “Roof of the World,” stretch across six countries: Bangladesh, Bhutan, India, Myanmar, Nepal and
Pakistan are reported to be receding fast due to rising atmospheric temperature (Rashid 2009). In 1999, a report
by the Working Group on Himalayan Glaciology (WGHG) of the International Commission for Snow and Ice
(ICSI) states, “glaciers in the Himalayas are receding faster than in any other part of the world and, if the present
rate continues, the likelihood of them disappearing by the year 2035 is very high” (Rashid 2009).

These factors necessitate improving irrigation efficiency of the existing system so as to use available water
resources effectively and to prevent wastage of land and water resources. In order to achieve this objective, on
the one hand, a major project of construction and rehabilitation of barrages, head works and remodeling of
canals, regular desilting of canals, distributaries and minors, redesigning and improvement of WCs, post
improvement care by community participation approach and precision land leveling through laser technology
need to be implemented. While on the other hand, the farmers are required to adopt recommended methods of
irrigation. These measures will results in additional water which can be used to bring more land under
cultivation. The above referred studies proposed following recommendations to minimize the water losses at
WCs level:

= Lining of WCs

= Use of concrete structures for regulation of water flows

= Removal of weeds from WCs beds and banks

= Proper maintenance of WCs by providing culverts and buffaloes ponds
= Removal of silt from WCs on regular basis

= Remedial measures for rat holes

In view of the above recommendations WCs improvement work in Pakistan was initiated during 1981-85. Under
various programs a total of 10,000 WCs were improved in NWFP only. In 2000 Govt of Pakistan decided to
improve the remaining WCs under National Programme for Improvement of Watercourses (NPIWC) in all four
provinces of Pakistan i.e. Punjab, Sindh, NWFP and Baluchistan. Under the NPIWC Programme about 29,000
WCs are to be improved in Punjab, 33,000 in Sindh, 10,000 in NWFP and 5,000 in Baluchistan in 5 years. For
successful implementation of this huge task, an organization called Programme Monitoring Unit (PMU) was
established in four provinces. They will monitor the pace and quality of WCs improvement work. This paper will
address the case of PMU-NPIW, NWFP province only.

2 Study Area

This study covers the province of NWFP which is situated in the north west of the Pakistan and has plenty of
surface water resources. The NWFP province have diversified landscape including snow packed mountains
region in the north, flat and rich agriculture region in the middle and arid and semi-arid region in the south.
Northern region is mostly mountainous and contains forest reserve in addition to the orchards. The central region
is the main hub of agriculture activities and has the largest irrigation network of the province feeded by
Malakand, Turbela, and Warsak based canal systems. Two major dams Turbela and Warsak in this region not
only provide water for agriculture practices but also generate electricity. While most of the southern region is
fertile cannot be utilized for agriculture practice due to the non-availability of water. In this region Chashma
right bank canal (CRBC) is the main source of irrigation. NWFP has 12000 canal bases WCs in addition to the
58000 civil WCs. In this study whole irrigation network up to WCs level was mapped using geospatial
technologies.
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3 Background and Motivation

PMU-NPIW has been given the task of WCs improvement work of 10,400 WCs in all over the NWFP province
comprising of 24 districts. Owing to the dynamic nature of the activity involving a huge agriculture area
spreading through out the province, the monitoring system was required to be capable of providing repetitive
information not only within a specific time frame, but also covering the entire spatial extent of the activity area.
The existing monitoring system is paper based which is not only inefficient but also lack transparency. All these
requirements lead to development of an integrated solution that uses both the synoptic coverage of Satellite
imageries and the versatility of tools available through a GIS platform together with a cellular communication
network i.e. GSM/GPRS technology. Developments of a solution to cater PMU needs were based on the analysis
of existing system and are summarized below:

= [rrigation record i.e. maps and inventory of WCs and canal systems are maintained in hard copy format,
hence a lot of difficulties in analysis.

= The available irrigation network maps are outdated and un-projected.

= The traditional system results in delays and difficult to maintain and update the monitoring records.
Belated inputs from the field results in delays in corrective actions.

=  The system is not transparent as well as inefficient.

4 Objective

The main objective of this study was to develop GIS based monitoring system using the ‘Quad S’ technologies
for PMU-NPIW, NWEFP in the light of the problems they were facing. The specific objectives are:

= Mapping of irrigation network up to WCs level along with command areas

=  Efficient live monitoring system and field data collection i.e. minimization of delays to acceptable
limits

= Database development

= Transparent information system

= (Capable of receiving and analyzing the data from field

=  Automated response in case of poor quality improvement work on the basis of field reporting

= FEasy to update and maintain

=  (Capable of generating required reports and themes

5 Data and Software

The following datasets have been used:

=  SPOT 2.5 m Pan-sharpened imageries of whole NWFP - SPOT Image and SUPARCO

= Index maps of irrigations systems and command maps - Irrigation Department, NWFP, Pakistan

= Mogawar registers (WCs Inventory) — Directorate General On Farm Water Management (DG OFWM)
= 1:50,000 Survey sheets — Survey of Pakistan

= NPIW data (2004-09)- PMU-NPIW

The software packages used comprise ArcGIS 9.1 (ESRI), MapXtreme 6.7 (MapInfo), Visual Basic.NET Visual
Studio 2005 (Microsoft), and SQL Server 2005 (Microsoft).

6 ‘Quad S’ Methodology

PMU NPIW officials used the paper based Performa’s in order to monitor the development work of WCs and the
information collected were only available for the analysis once the field staff was back to the office. This
approach not only caused delays in information retrieval at PMU HQs but also delays remedial actions. There
was no check on monitoring officials whether they have collected the information from the fields or filled the
same at home or office without visiting the site. SUPARCO has used the ‘Quad S’ technologies i.e. SRS, GIS,
GPS and GSM while developing the required system for monitoring WCs improvement work in NWFP
province. The roles played by these technologies in this case study are discussed in following section.
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The accurate, updated and projected maps are the backbone of the GIS bases irrigation systems. There are four
major irrigation networks namely Malakand, Warsak, Turbela, and CRBC in NWFP province. SPOT 5, 2.5m
pan-sharpened data were used to map the irrigation network includes canals, branches, distributaries, minors up
to the WCs level and a total of 45 SPOT scenes were used for generating NWFP Mosaic Mapping of the
irrigation network was carried out in ArcGIS 9.1 with help of Index Plan and Mogawar Registers. Index Plan
provides information of all sources of water up to the minor level while Mogawar register keeps WCs inventory
along with RDs (distance from the source in feet) for each WCs and RDs were used for WCs mapping. A total of
12,000 canal based WCs were mapped using SPOT data along with rivers, roads, settlements, dam, and railway
line layers. Command Area maps of the WCs available mostly in hard copy were digitized in ArcGIS 9.1 by
matching the parcel boundaries with Satellite imageries while soft copy maps were first georeferenced and then
overlaid on the Satellite imageries for vectorizing the command areas. The command area mapping task was time
consuming because these maps were un-projected as well as outdated, as most of these maps were prepared in
early 20™ century. Satellite imageries based irrigation mapping has provided updated, projected digital base map
for the whole irrigation network. The Agriculture department infrastructure and tube wells were mapped using
the GPS device.

Customized software’s are user friendly as in most of the cases user does not have complete background
knowledge of geospatial technologies. Customized GIS software for PMU-NPIW was developed in VB.NET
environment using MapXtreme while the database was designed and maintained in SQL Server 2005. The
system is capable of: storing the digital inventory of irrigation system (up to the WCs level), receive, store and
automatically update monitoring reports in the database from remote users, analyzing the data, generating
thematic maps and reports.

SUPARCO has developed three field data collection modules which are capable of sending the information right
from the field via GSM/GPRS network to the communication server. The three modules are: Monitoring
Module, Module for Civil WCs and Module for NPIW WCs. The developed modules were stored in the HP
iPAQ 6515 and HP iPAQ 612c¢ models having built-in GPS and GSM capabilities. The PDAs were
programmed: to store the relevant information as filled by field monitoring officials at the site and to send it to
PMU HQs via the GSM/GPRS network. These modules are capable of storing the data if there is no GSM
Network and sending it later once GSM service is available. The information sent from the field is received by
the Communication Server and is transmitted to the main server where is stored in a database and mapped in the
map window automatically.

The developed system for field reporting has not only eliminated the delays caused by the paper based approach
but also corrective actions can be taken quickly in case of poor quality work. In addition a system letter is
generated to the concerned authority for remedial actions. The use of PDA for monitoring development work
makes the system transparent as GPS locations of the monitoring officials are verified, using the location of
already mapped WCs on satellite images. GPS location also verifies the location of the WCs mapped using
Mogawar registers. The overall methodology of the study is shown in figure 1 below:
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Figure 1: Overall Methodology

7 Results and Discussion

PMU NPIW was using the paper based system for monitoring the WCs improvement work. The paper based
system was not only inefficient but also lack capabilities to analyze the data. Also field reports were available for
analyses and corrective actions only when field teams are back to office. In view of the forgoing SUPARCO
developed tailor made solution for PMU-NPIW which is capable to display all irrigation layers including rivers,
canals, WCs along with administrative information, SPOT 2.5m Pan-Sharpened imageries of the whole NWFP
province, receive and store data from remote users via GSM/GPRS, generate reports, and thematic maps. With
the help of the tailor made solution, PMU is now capable of monitoring the development works efficiently in
addition to the transparency.

The developed system has four major components i.e. GUI, field data collection modules, analysis, database and
was made operational in LAN based environment. The customized software and field modules can be accessed
by authorized users only which maintain the system security. The GUI has GIS functions, reports and thematic
map menus, and tools for WCs addition / deletion/ relocation in addition to the automatics updates received from
the field. WCs can be searched in the database either using their name or primary water source. The system store,
analyze and map WCs inventory from three different sources i.e. canal based WCs, Civil WCs, and WCs lined
under NPIW Project. Attributes of the WCs are maintained in separate tables in the database designed and
maintained in SQL Server. WCs improved under NPIW project have more information and were grouped in four
categories i.e. General Information, Social Information, Technical Information and Financial Information.
Relevant attributes of the WCs are displayed in the pop window if a user selects a particular WCs in map view.

The system has four major outputs i.e. complete, projected and updated irrigation network, comprehensive
database, thematic maps and reports. A number of reports and themes were generated using the WCs attributes
and can be printed and maintained in hardcopy as well. The accuracy of irrigation layers mapped using SPOT
imageries were checked in the field survey using GPS and the results were encouraging as the error in mapping
the WCs was around 10-15 feet. However in few cases the error was more the 50 feet and the reasons for such
results was relocation of WCs and the same information were not reflected in Mogawar register. Further the data
sent by users from the field was received quickly on GPRS / EDGE mode while there was delay of a few minutes
in SMS mode because of the GSM network used. The GUI of the developed system is shown in figure 2 below:
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Figure 2: GUI showing the NWFP province in map view

8 Conclusion and Recommendations

PMU NPIW is responsible for monitoring the development work of WCs in NWFP province. In order to monitor
this huge task efficiently, PMU decided to replace the existing paper based system with GIS based solution. In
view of the PMU requirement SUPARCO developed a tailor made solution using the ‘Quad S’ technologies i.e.
RS, GIS, GPS, and GSM. Complete irrigation network up to the WCs level along with command area maps were
digitized using SPOT 2.5 m data. The accuracy of digitized layers were checked in the field survey using GPS
and the results were encouraging as the error in mapping the WCs was around 10-15 feet. All digitized layers
were linked with the relevant attributes in the database which was designed and maintained in SQL Server 2005.
Customized software was developed in VB.NET environment using MapXtreme and is capable of displaying
complete irrigation network up to the WCs levels; generate custom reports and themes. The customized software
and field modules can be accessed by authorized users only which maintain the system security.

Field activity is the main component of PMU responsibilities and was the main focus of the project in order to
make it more efficient and transparent. In view of the above three different field data collection modules for live
monitoring, NPIW WCs and Civil WCs were developed and integrated with main system. The developed system
was made operation in LAN based environment. In case of improper work reported, quick and timely corrective
actions can be taken due to this system.

Mapping of the WCs route was a bit difficult task due the two reasons; WCs width is mostly sub-meter and
cannot be identified clearly on 2.5 m resolution while secondly WCs are covered by trees on their banks. This
problem was partially solved with the help of Google Earth. Command areas mapping was also challenging and
time consuming task as command areas maps were mostly prepared in early 20" century i.e. 1925 and are neither
projected nor updated. Command area maps were digitized / regenerated by matching parcel on Satellite
imageries and paper prints. All attributes of the irrigation network were maintained in hard copies except NPIW
project data maintained in Excel, were computerized initially in excel format and was then exported to SQL
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Server . The data sent by users from the field was received quickly on GPRS / EDGE mode while there was
delay of a few minutes in SMS mode because of the GSM network used.

Accurate WCs routs and command area map boundaries can be mapped using Mobile GIS technologies. The
developed system demonstrates the operational use of SRS, GIS, GPS, and GSM technologies for assisting in
such a huge and time critical task, which would perhaps not been possible without such a system. The system
developed has been practically implemented in the province of Sindh and NWFP, while it is under
implementation in the provinces of Punjab. This system can be used not only for planning of new developments
i.e. new WCs, new minor, new canals etc but also for timely replacement / maintenance of existing
networks .The developed system can be further upgraded as per user needs. Some of the possible up gradations
are crop pattern analysis, incorporation of laser leveling data, appending of the parcel attributes for revenue
collection. The developed system can be also upgraded to the internet based applications so that all stake holders
can use the information for planning their activities.
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ABSTRACT

Information about flood prevention, prediction and management is of high relevance nowadays. A good platform
for presenting this highly spatial related information is the internet. Thus, research on online 2D and 3D
visualization of flood issues is currently ongoing. As the data to be presented is coming from a huge diversity of
proprietary hydro-numerical software systems, a proper data schema, respecting the needs of server side
technology, is needed. We aim to demonstrate that CityGML is a good basic for providing this within three
dimensions and embedded in a semantic model by presenting a concept for a CityGML Application Domain
Extension for flood related data. In order to evaluate the schema a Java based implementation was coded, which
is able to convert the hydro-numerical data in xml files conform to the developed “CityGML ADE Hydro”.
During the evaluation phase, the schema was presented and discussed with hydrologic and CityGML experts.
The current schema can map data provided by the hydraulic software tools HYDRO AS-2D, MIKE21 and
TUFLOW and is ready to be integrated in a Web 3D Service in order to provide the data for dynamic 3D flood
visualization in interactive 3D scenes.
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ABSTRACT

The land use decisions and planning processes deal with large volumes of basic data where technical knowledge
must be coordinated with the decision makers’ visions of society. This fact makes spatial planning quite a
complicated process. The issue is much more complicated when land use decisions concern a desert zone with
limited resources.

This study addresses a regional scale zoning issue through cartographic modeling using Multi Criteria
Evaluation in a geographic information environment through a case study. The main objectives of this research
are to explore the model potential of providing an answer to the suitability of the Suez Governorate for a tourism
development strategy. Also to provide a decision support tool for land use planners. Remotely sensed data such
as Landsat ETM+, SPOT and Shuttle Radar Topography Mission were used for this study. A geographic
database was established at a national scale. Multiple Criteria Evaluation techniques were used in a geographic
information system environment to produce the land suitability index for tourism development. Factors that
promote tourism activities were identified, ranked, weighted and overlaid in a cartographic model. The product
of the model was a suitability index map for tourism. Such map was further classified and analyzed for proposing
various scenarios for marine, safari and cultural tourism. Some recommended zones were found to be in conflict
with the petroleum extraction and quarry activities. This technique provides a transparent tool that can bridge
the gap between various stakeholders, decision makers, environmental managers and urban planners.

1 Introduction

The concept of sustainability is understood for this study in the context of the triple bottom line approach which
requires the integrated consideration of environmental, social and economic issues for a sound development.
This approach assumes that the development meets the criteria of the three mentioned aspects simultaneously
(Belka, 2005 and Gibson, 2001). Land analysis is commonly done with map overlay and it is used to be done
manually. With the rapid advancements taking place in computer hardware and GIS software, more complex
land use models are being developed. These models help researchers and planners to simplify complex systems
and to develop theory to understand the process of conducting a Strategic Environmental Assessment (SEA) in a
better and easy way (Noble, 2000 and Grzybowski and Associates, 2001).

Cartographic modeling applies map algebra tools together with other basic analysis operations in GIS. Multi-
criteria Decision Making (MCDM) is a term including Multiple Attribute Decision Making (MADM) and
Multiple Objective Decision Making (MODM). MADM is applied when a choice out of a set of discrete actions
is to be made. It is often referred as Multi-Criteria Analysis (MCA) or Multi-Criteria Evaluation (MCE).
Multiple criteria overlay was proposed by McHarg, (1969) who suggested identifying physical, economic and
environmental criteria in order to assure social and economic feasibility of the project. The main objective of
MCDM is “to assist the decision-maker in selecting the ‘best’ alternative from the number of feasible choice-
alternatives under the presence of multiple [decision] criteria and diverse criterion priorities”. Every MCDM
technique has common procedure steps, which are called a general model (Jankowski, 1995).

Despite the close relationship between the Geographic Information System (GIS) and land-use studies, there has
been little constructive dialogue on the relationship between MCDM and land-use analysis in practical
applications and actual land use decisions. Spatial multi criteria decision making refers to the use of multi criteria
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analysis (MCA) to spatial decision problems (Voogd, 1983). MCA is a family of operations research tools that
have experienced very successful applications in different domains since the 1960’s. It has been coupled with
GIS since the early 1990’s for an enhanced decision making. Remotely sensed data together with GIS have been
recently used in land use decision analysis. Cartographic modeling and suitability mapping of land using MCE
techniques have been broadly studied. Belka, (2005) explains that in order to define the suitability of an area for
a specific practice, several criteria need to be evaluated. Multi Criteria Evaluation (MCE) has been developed to
improve spatial decision making when a set of alternatives need to be evaluated on the basis of conflicting and
incommensurate criteria. MCE is an effective decision-making tool for complex issues that uses both qualitative
and quantitative information. It has been utilized around the world for land suitability modeling and is concerned
with how to combine the information from several criteria to form a single composite index of evaluation. A
criterion may be a factor providing suitability of phenomenon of continuous measure or may be a constraint to
limit the alternatives under consideration The MCE in its Weighted Linear Combination method introduces a soft
or “fuzzy” concept of suitability in standardizing criteria. It is scaled to a particular common range where
suitable and unsuitable areas are continuous measures. The aggregation method uses weighted linear
combination, which retains the variability of continuous criteria and allows criteria to trade off with each other.
According to Sahoo et al, (2000), the Multi-criteria evaluation is primarily concerned with how to combine the
information from several criteria to form a single index of evaluation. As the criteria are measured at different
scales, they are standardized and transformed such that all factor maps are positively correlated with suitability.
The weighted summation allows for evaluation and ordering of all alternatives based on the criteria preferences
by decision-makers (Saaty, 1977). Example of raster-based multi-criteria evaluation is given by Grossardt, et al
(2001) and Zuccaa, et al, (2007).

1.1 The Study Area

Suez Governorate is one of the governorates located in the northeastern part of Egypt. Between 30° 48° 20° E |
32°49°20 °E and 28°57°00° N, 30° 18°20° N, figure (1). The governorate is located in the Suez Canal Region
and is bordered in the north by Ismailia, in the east north by north Sinai governorate, in the east by Suez gulf, and
in the west by Cairo and Giza governorates (figure 1) with a sector of the e Suez Canal passing through its lands.
The governorate covers an area of 9002.21 km?. It represents 0.9% of the Republic's area. According to the
preliminary results of the 2006 census, population is 511,000 and the population growth rate has reached 19.9
per thousand. The governorate is well known for its potentials for both industrial and tourism activities. Rich in
Limestone, Dolomite, Coal and Petroleum, the main industries include petroleum exploration, cement industry,
glass industry, and chemical and fabrics industry in addition to port-based activities. The governorate has great
tourism potentials reflected in unique natural Sulpher springs, desert zones with mountains overlooking the Red
Sea shores, coral reef shores, in addition to some archaeological sites.

1.2 Objectives of the Study

The main objective of this study is to explore the potentials of remotely sensed data and geographic information
sciences in linking the gap between this geo-science and the land use decisions and applications in the field of
regional planning. The study attempts to apply the MCE theory and GIS techniques using maps and remotely
sensed data for producing a suitability index map for tourism development of the lands in the Suez Governorate,
Egypt. The study also aims at exploring the land resources, potentials and constraints that need to be considered
in sustainable land use plans in Egypt.
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Figure 1: Location of the Suez Governorate

2 Materials and Methods

2.1 Data Acquisition

Several datasets were acquired for this study considering the heterogeneity of the area under investigation, an
integrated database was established. The Primary data sets used for this study are Shuttle Radar Topography
Mission (SRTM) 90 meters (9) resolution was used to derive the slope, aspect, catchments areas and drainage
basins. The derived topographic grids were imported into the database. The FAO land cover map produced by
the FAO organization from Landsat ETM+ data was used (10). Hydrogeological maps scale 1:500,000 were
obtained from the National Water Resources Center Research Institute for Groundwater (11). The exiting and
future protectorates maps after the Egyptian Environmental Affairs Authority (EEAA) (12) were rectified and
digitized, in addition the topographic base map scale 1:50,000 obtained from the Egyptian Survey Authority
(ESA) (13) was used. The analysis started by data acquisition and conversion of the acquired maps from the
analogue to the digital format. These maps were rectified and digitized using on-screen digitizing and saved as
ESRI format shape files. The shape files were imported into feature datasets in a geographic database using
ArcGIS9.2 software (14). The datasets were all projected to the Universal Transverse Marketer UTM, WGS84.

The acquired maps were rectified and digitized using on-screen digitizing and saved as ESRI format shape files
(.shp). The shape files were imported into feature datasets or stand-alone feature classes in a geodatabase using
ArcGIS9.2 software. Tables from reports were converted to digital and imported into the database. Spot heights
and contours derived from the topographic maps were used to derive the digital elevation model in ArcGIS9.2.
Shuttle Radar Topography Mission (SRTM) DEM -90 meters resolution was used to check and compare the
result of the model interpolation. The slope, aspect, catchment areas and drainage basins were derived. The data
acquisition, rectification and establishment of the database were followed by the identification of the suitability
criteria for tourism development. Identification of the essential criteria for agricultural development in the desert
was done through literature review.
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2.2 Defining the Potential Factors for Tourism in Suez Governorate

An extensive literature review was performed to select the set of criteria for tourism development potentials for
Suez Governorate. Such factors are based on the unique resources and attraction sites. Such factors are explained
as follows:

= Coral Reefs and the Red Sea Shores: The coral reefs are unique eco-systems that exist along the Red
Sea shore. It is considered a main attraction to tourism.

= Archaeological Sites: A number of archaeological sites exist in the Suez Governorate. These sites have
not been incorporated in a tourist plan.

= Ecological Sites: A variety of ecological sites exist in the Suez Governorate. Such sites include the
famous natural Sulpher hot brines known as Oyoun Moussa and El Ein El Sokhna. These springs are
internationally known for its hygiene value.

=  Mountains: Mountains that overlook the Red Sea create a marvelous landscape in the investigated
governorate.

= Wells: Wells generally are either constructed by investors or natives Bedouins for minor settlements.
Such water resource is essential when planning for development in a desert zone.

= Airports : Existence of an airport is essential for the long term planning for tourism development.

= Roads: A road network is a mandate for developing a desert region. Despite the possibility to extend the
network, it is always essential to study the distances from a main road prior to locating a new
development.

2.3 Defining the Constraints

Constraints are zones that are to be excluded from the potential lands under consideration for tourism
development. Such zones were defined as mines and quarry sites and their related buffer zones. For this study a
buffer zone of five kilometer was chosen for each mine and a two kilometer buffer zone was chosen for quarry
sites.

2.4 Ranking and Standardization of the Factor Maps

Ranking of the factor maps is a step prior to applying their relative weighs. The straight rank sum method was
selected for this study. The method is one of the simplest criterion weighting techniques though criticized for its
lack of theoretical foundations in interpreting the level of importance of a criterion (15). It is selected here for
being a straight forward method that can be used with least confusion to the decision makers. In straight ranking,
criteria are ordered from most to least relative important factor in accordance to the decision makers’ point of
view. After the ranks are established, relative weights are assigned to the factors, using the straight rank-sum
method as explained in equation 1: (Belka, 2005)

wi=(m-rj+1)/SUMMn—-rk+1) (D

where Wj is the normalized weight for j™ factor , n is number of factors under consideration , rj is the rank
position of the factor

The relative weights applied for the factors are described in table (1):

Criteria (n) Straight Weight Normalized Weight (%)
Rank (1) (n-rj+1) (n—-rj+1)/SUMMnh-rk+1)
Coral Reefs 1 7 25.00
Ecological attractions 2 6 21.42
Archaeological sites 3 5 17.85
Mountains 4 4 14.28
Wells and settlements 5 3 10.71
Roads 6 2 7.14
Airports 7 1 4.76
100.00

Tablel: Standardization and weighting of criteria
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Figure 2: flow chart for the applied methodology

Several raster layers can constitute a set of criteria where every cell value is assigned a criterion score. Since the
criteria attributes differ in evaluation, (example land cover map describe land cover units, while the distance
maps measure distance) therefore, a common scale had to be applied, namely a suitability scale. Accordingly,
each of the attributes was rated to a suitability scale that ranges from zero to nine. The higher the value the more
suitable and vice versa.

2.5 Cartographic Modeling for Land Suitability Analysis:

The next phase is conducting the land suitability analysis to identify concentrated areas of potentials and
limitations to development. The standardized criteria maps, given relative weights are then incorporated into a
GIS- overlay model. For each location, the average suitability score is calculated as:

H
2(WixSij )
o_i=l
y=— 2
S=t=—— @)
> Wi
i
Where S~ is the weighted average suitability score, Wi is weight for i™ map, and Sij is score for j™ class of the i

map. The assigned importance weight Wi depends on the variable significance with respect to the land suitability
S~ for a studied activity. (Caranza 2006)
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3 Results and Discussions

Processing of the data revealed several interesting facts. Most of the attractions exist in the Eastern side of the
Governorate where the Red Sea shores and most of the ecological sites exist. Airports exist along the Canal Suez
making the Northern and North Eastern zones most accessible figure 3-a. Archaeological sites exist in the upper
zone of the investigated governorate. Suitable areas for locating activities based on such sites was chosen to be
within two consecutive buffer zones of 5 kilometers each, figure 3-b. Red Sea shores and coral reefs exist in the
Eastern side of the governorate. Consecutive buffers of 5 and 10 kilometers along the shoreline is considered
suitable for locating coastal tourism activities and resorts, figure 3-c. Hilly zones are distributed in the
governorate with Mountain Attaqa being the dominant, figure 3-d. In general the development of a desert zones
is necessarily coupled by the development of a road network. The road network in the investigated governorate
shows that the maximum road density exists in the upper half of the governorate boundary. This fact indicates
that the development is being focused on the upper half, figure 4-a. The ecological sites in Suez Governorate
have international reputation for hygiene tourism. Effective distance to the ecological sites was considered
within two five kilometers consecutive buffer zones. Distance exceeding such buffer zones was considered of
least suitability to locating tourist sites based on such attractions, figure 4-b.

Running the suitability index for the seven factor maps produced the suitability index map, figure 5. Most of the
high values exist along the Red Sea shoreline, the Western side of the Suez Canal and few scattered zones
around some ecological attraction sites. This indicates the high potentiality of the governorate for coastal and
ecological tourism. The suitability values decrease towards the Western side of the investigated governorate.
Some medium values spread in the desert zones where some mountains and wells exist. Such zones can be
developed for safari and camping in the desert and mountains.
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Figure (3): Standardized factor maps. (a) distance to airport. (b) distance to archaeological sites (c): distance to
coral reefs. (d) distance to mountains.
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Suez Governorate, Egypt
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4 Conclusion and Recommendations

Exploring the resources and potentials of the Suez Governorate for tourism development using Multi Criteria
evaluation provided a quick and integrated vision for the lands. It also provided unlimited possibilities to create
scenarios based on a selected set of criteria. This technique can be time and cost saving for land use decision
makers. Prioritizing and emphasizing criteria is done by the assignment of weights. Also combination of
different attributes criteria is made possible by the standardization or normalization the criteria suitability scores.

The study recommends adopting the Multi Criteria Evaluation technique by land use decision makers. This
technique can bridge the gap to a multi-disciplinary approach for land use planners on all levels of land use
planning. Applying the technique on a national scale provides indicator maps that despite its need for further
screening and enhancement by detailed local analysis, it can be used as a guide for the local scale, zoning plans
and land use strategies. It is also recommended to conduct further studies for applying this technique on the
different land use planning levels.
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ABSTRACT

Land collapse is a challenge that faces development plans in many locations allover the world. In Egypt, It
threatens facility lines as roads and urban settlements. Field detailed investigations are an effective method for
conducting studies for this phenomenon but uneconomical for large areas. Remotely sensed data have facilitated
geohazard exploration and monitoring as well as modeling risk and vulnerability of land collapse as one of he
most important geohazard factors. This study modeled the potential land collapse hot spots allover the Egyptian
territory. The model depends on using five parameters derived from different remotely sensed data of different
sensors both optical and radar as well as using the Geographic Information System (GIS) modules software. The
output of the model is land collapse risk index map. The model results were overlaid on the main roads and
urban settlements. The resultant map identified those urban features that are vulnerable to land collapse and is
useful for land use planning decisions on the existing built environment and proposed development plans. The
map as a hot spot indicator can be used to prioritize zones in need for further detailed investigations, and then
for mitigation measures and contingency plans.



LOCATION OPTIMIZATION OF WASTEWATER TREATMENT
PLANTS USING GIS: A CASE STUDY IN UPPER MAHAWELI
CATCHMENT, SRI LANKA

E.A.S.K Ratnapriya * and Ranjith Premalal De Silva

* E.A.S.K.Ratnapriya, PhD candidate, Postgraduate Institute of Agriculture, University of Peradeniya, Sri Lanka
ekolitha@gmail.com
" Ranjith Pramalal De Silva, Professor (Geo-Informatics) & Head Department of Agriculture Engineering,
University of Peradeniya, Sri Lanka
rpdesilva@pdn.ac.lk

KEYWORDS:
Location optimization, Geographical Information System (GIS), Wastewater Treatment (WWT) Systems

ABSTRACT

Spatially-referred and up-to-date information system is one of the useful tools for effective watershed
management and environmental protection. Since water quality-related documents and information on treatment
systems are specifically designed for specific areas and specific localities and local conditions, they show strong
spatial relationships. Therefore, it is necessary to have a system which provides facilities through geo-spatial
relationships. The Upper Mahaweli catchment is one of the most important watersheds in Sri Lanka in terms of
providing water for domestic, agricultural and industrial purposes and for electricity generation. Thus,
protection of this important water source is crucial in national development. But, only very few point source
treatment plants are currently in operation and non-point source treatment plants are required to be established
to protect the catchment from pollution.

Locating wastewater treatment systems is one of the essential components, and that needs spatially-oriented data
gathering, analyzing and visualizing. Further, GIS-based decision support systems for available treatment plants
are well suited for informing improved analysis and understanding of the existing situation of treatment
processes to managers and policy makers. This study was undertaken to identify the critical socio-economical
and environmental factors, and to find a more comprehensive and convenient way to optimize the locations for
wastewater treatment facilities that are suitable for different local conditions in the Upper Mahaweli Catchment
of Sri Lanka.

Domestic, agricultural, industrial and activities which affect water quality in the catchment were identified
through a transect walk on a spatially-referred 1:50,000 map by obtaining coordinates by using GPS (Global
Positioning System). In addition, land use patterns and Digital Terrain Model (DTM) were used to locate the
treatment facilities for point source pollutants. For locating treatment facilities for non-point source pollution by
agriculture and other sources, the catchment was divided into sub-catchments and micro-catchments and the end
points of those micro-catchments were identified. For non-point source pollutants, relationship between land use
and the water quality of the end points was established in micro catchments. Thematic maps of stream
characteristics, land use and vegetation cover and socio-economic characteristics with DTM were prepared to
be used in determining the most suitable locations for putting up the treatment plants for non-point source
pollutants.

1 Introduction

The Upper Mahaweli Catchment (UMC) is the upper portion of the Mahavali watershed area, above the
Rantembe dam which covers an area of about 3118 km?. The four reservoirs, Kothmale, Victoria, Randigala, and
Rantambe are located within this catchment contribute 60% of the electricity supply in Sri Lanka through hydro
power generation and irrigation water for rice cultivation in lowland areas (Riethmiiller,1996). Therefore, this
area is very vital to national economy of the county. On the other hand, some of these reservoirs in Central Hill
areas are now serving as drinking water sources in addition to their original purpose of water storage for
hydropower and irrigation (Werellagama, 2006).
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Water qualities of the Mahaweli River and its tributaries have been affected extensively due to increase of urban
and sub-urban agglomeration along those water bodies, wastes disposal by local authorities, soil erosion. Even
though, every new building requires including on-site wastewater disposal systems for granting approval by
Local Authorities, the existing regulations or guidelines do not stipulate any system design requirements (Corea,
2001). As a result, partially-treated sewage directly is disposed to streams and canals. On the other hand, medium
and small-scale industries such as service stations sawmills and agricultural waste (pesticides, fertilizers and
herbicides) contribute significantly to deteriorate river water quality. Therefore, widespread demand for
improved water quality requires implementation of catchment-based wastewater management system for Upper
Mahaweli Catchment. Other than the City of Kandy, Upper Mahweli Catchment is covered by sub-urban and
rural settlements, where resources and technical capacities required for operation and maintenance of
conventional mechanical systems are limited. Simple and low-cost but relatively high land consuming natural
systems basically either belong to soil-based land treatment systems or aquatic plant- based wetlands are more
appropriate to such a conditions. Therefore, locating wastewater treatment systems by analyzing socio-
economical, environmental and technical aspects is vital in wastewater management process in the catchment
area. With recent developments of information technology, there has been an enormous change in the way
information is collected, stored, analyzed and visualized. Introduction of Geographic Information System (GIS)
has made it easier to develop computer application to handle large volume of data related to water resource
management. In recent years, GIS systems have been used in the field of wastewater management (Gemitzi et
al., 2007; Finn et al., 2006; Gilliland and Potter, 2007; Zhao et al., 2009; Kallali et al., 2007; and Huffmeyer et
al., 2009).

Therefore, the main objective of this study was to optimize the location of wastewater treatment systems in the
study area by integrating GIS with related local factors. Selection criteria were based on technical,
environmental and economical factors and topography.

2 Study Area

Upper Mahaweli Catchment covers an area of 3118 km”. Therefore, sub-catchment was selected for pilot study
in such a way that analyzing procedure can be scaled up-to entire the catchment. A portion of Mahaweli River at
Gampola, which covers 210 km* land area was selected as the study area. Its catchment area (figure 1) was
defined by using Digital Train Models (DTM) using in GIS. The terrain is highly undulating and the altitude
varies between 520 m and 1400 m. Most of the land area is covered by tea plantation and forest. Other than tow
sub-urban settlements (Gampola town and Pussallawa town) most of the population is scattered over the area in
traditional villages and tea state worker communities. The dominant economic activities are tea plantation and
vegetable cultivation. Even though, Industrial activities are not much prominent in this area, some medium scale
and small scale industries scatted over the catchment.

Figure 1: Study area. Pussallawa and Gampola
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3 Materials and Methods

Identification of locations for wastewater treatment plants for study area was done by GIS-based multi-criteria
analysis methodology involving the following main stapes: (i) Identify and map entry point of pollutants sources;
(i1) Criteria and define their upper or lower limits; (iii) Preparation of necessary spatial data in GIS; (iv)
Analyzing Boolean maps for each criteria using GIS tools.

3.1 Identify and Map Entry Point of Pollutants Sources

Pollutants emission into water bodies can occur through different pathways depending on the source. The
sources which are continually distributed over certain area is called non-point source and that can be collected at
outlet of the micro-catchments with storm or surface run-off water. When waste water dispose by pipe, ditch,
channel and other discrete means of sources are called point sources.

Point sources were identified by Transect walks along the river and locate the points with GPS (Global
Positioning System). Those coordinates were introduced to the ArcGIS and converted into point layer. This
points were located in the geo-referenced map prepaid by using GIS. Because, micro-catchment end points are
characteristic of geo-morphology, it is possible to identify watershed area belongs to each entry point by using
accurate DTM (Digital Terrain Model) of the area (figure 2). Prediction of dominant types of pollutant for
particular micro-catchment can be done by using land use map.
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Figure 2: Red circles are entry points of non-point sources and brown boundaries are their contributed areas.
Green points are locations of point sources

3.2 Definition of the Upper or Lower Limits of Criteria

Prospective technical wastewater treatment plant should be constructed on a slope less than 15% to avoid the risk
by instability and minimize the construction cost. Two environmental criteria were considered: forest and
protecting areas and potential flooding areas were excluded. In social criteria, minimum 300 m safe distance
from human settlements was maintained to avoid mosquito problem and possible odor from the Wastewater
Treatment (WWT) plant.

3.3 Preparation of Spatial Data in GIS

Selecting locations for WWT was done by thematic vector layers analyzing in ArcGIS 9.2. Slopes were obtained
from Digital Elevation Model (DEM) produced by digitizing 1: 10 000 couture maps. Polygon layer was created
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for the slope values less than 15 % which are shown in brown color (figure.3). Forest cover polygon layer was
obtained from land use map and 300 m buffer zone was created in ArcGis vector analysis. Flood level area was
established by participatory GIS during the transect walk (figure 4).
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Figure 4: Forest area with buffer and flood level map

Areas covered by human settlements were obtained from 1: 50 000 land use map and polygon layer was obtained
from 300 m buffer zone in ArcGis vector analysis (figure 5).

Applied Geoinformatics for Society and Environment 2009 - Stuttgart University of Applied Sciences 23



E.A.S.K Ratnapriya and Ranjith Premalal De Silva

Stream Line

— River

Roads
Rural Road
= Urban Road

Human Settlement
[ 300m Buffer for Human Settlement

P03 06 1.2 18 24

Figure 04: Human settlements and 300 m buffer zone.

3.4 Analyzing Boolean maps for each criteria using GIS tools

Analyzing was performed in vector by union and intersecting operators. Flooding area, buffered forest area,
slope more than 15 %, buffered human settlements area were merged together by using analytical tool Union in
ArcGis and excluded from the study area. Rest of the areas where all criteria satisfied and feasible areas for

WWT systems construction (figure 5).
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Figure 5: Suitable areas for locating wastewater treatment systems
4 Results and Discussion

Resulting map that produced through the multi-criteria analysis gave a total area suitable for wastewater system
representing 23% of study area. Some micro catchments, for example micro-catchment contributing point NPS2
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didn’t have suitable location for which all criteria are satisfied. Therefore, another analysis should be performed
by removing or changing limits that will less effect to the overall process.

Treatment systems needed for the non-point source pollutants can be established close to the river where there
are suitable areas. Most of the point source points lay within the unsuitable areas due to human settlements. In
such a situation, traditional mechanical treatment should be introduced instead of land-based systems.

5 Conclusions

Optimum locations for wastewater treatment systems were identified by multi-criteria analysis. GIS is a very
useful tool in term of store, analysis and visualization of spatial data rather than mathematical models. After
obtained optimum areas, it is essential to conduct field verification process with include feedback from the host
communities. To select, among the suitable area, best wastewater treatment sites work is necessary: considering
other factors that compete with land, such as land values, ecstatic appearance.

References

Corea, H., 2001. Appropriate Disposal of Sewage in Urban and Suburban Sir Lanka. Doctor of Philosophy
Thesis, The University of Leeds, p.12 Leeds, UK .

Finn, M.P., Usery, E. L, Scheidt D.J., Jaromack, G. M., Krupinski , T.D., 2006. An Interface between the
Agricultural Non-Point Source (AGNPS) Pollution Model and the ERDAS Imagine Geographic Information
System (GIS), Geographic Information Sciences,12, pp.9-20.

Gemitzi, A., Tsihrintzisb, V. A., Christouc, o., Petalasb, C., 2007. Use of GIS in sitting stabilization pond
facilities for domestic wastewater treatment, Journal of Environmental Management 82 , pp.155-166.

Gilliland, M.W., Potter W.B., 2007. A Geographic Information System to predict non-pollutant source pollutant
potential. JAWRA, 23, pp.281-291.

Kallali, H., Anane M., Jellali S., Tarhouni, J., 2007. GIS-based multi-criteria analysis for potential wastewater
aquifer recharge sites, Desalination 215, pp.111-119.

Huffmeyer, N., Klasmeier, J., Matthies, M., 2009. Geo-referenced modeling of zinc concentrations in the Ruhr
river basin (Germany) using the model GREAT-ER, Science of the Total Environment 407, pp.2296-2305.

Riethmiiller, R., Fleddermann, A., 1996. Institutional Aspects of Land Use Planning — Conditions and
Experiences in Sri Lanka,p. 22 Deutsche Gesellschaft fiir Technische Zusammenarbeit (GTZ) GmbH.

Werellagama, D. R. 1. B., Abeynayaka, A., Manathunga, J., Nakayama, M. 2006. Collaborative program to
prevent pollution of the Upper reaches of Mahaweli River — Sri Lanka

Zhao, Y.W., Qin, Y., Chen, B., Zhao, X. Li, Y., Yin, X.A., Chen, G.Q., 2009, GIS-based optimization for the
locations of sewage treatment plants and sewage outfalls — A case study of Nansha District in Guangzhou
City, China, Communications in Nonlinear Science and Numerical Simulation, 14, pp.1746-1757.

Applied Geoinformatics for Society and Environment 2009 - Stuttgart University of Applied Sciences 25



DROUGHT RISK ASSESSMENT USING REMOTE SENSING AND GIS
TO ALLEVIATE POVERTY: A CASE STUDY OF THE OSHIKOTO
REGION IN NAMIBIA

Frans Carel Persendt

Department of Geography and Environmental Studies,
University of Namibia, Windhoek, Namibia
fpersendt@unam.na

KEYWORDS
Drought, Remote sensing; GIS; MODIS, NDVI, Namibia

ABSTRACT

Drought is a recurrent climatic process that occurs with uneven temporal and spatial characteristics over broad
areas and over an extended period of time. Therefore, detecting drought onsets and ends as well as assessing
drought severity using satellite-derived information is essential. This should be especially the case in an arid
country like Namibia where drought is part of Namibia’s climatology. It is believed that good planning and
research using near real-time data can curb the devastating impacts it has environmentally and socio-
economically. Weather data used currently are often from a very sparse meteorological network, incomplete
and/or not always available in good time to enable delineating accurately and timely, regional and local scale
droughts. Consequently, detection and monitoring efforts are hampered to provide timeless and unbiased
information to decision makers for accurate drought relief allocation and for land reform purposes.

Furthermore, even though, data obtained from satellite-based based sensors such as the Advanced Very High
Resolution Radiometer (AVHRR) have been studied as a tool for drought monitoring for many years and
provides an extensive temporal record for comparison, its coarse spatial resolution limits its effectiveness at
detecting local scale variability where severe droughts might go undetected due to these data constraints.

The objective of this study was to evaluate satellite-based and meteorological drought indices for the spatial and
temporal detection, assessment and monitoring of drought condition to accurately delineate drought
characteristics for drought prone areas.

The study computed the Vegetation Condition Index (VCI) and Normalized Difference Vegetation Index (NDVI )
from the 250 m resolution NDVI data obtained from the Moderate Resolution Imaging Spectroradiometer
(MODIS) sensor and one- and three-months Standardized Precipitation Index (SPI) data from rainfall stations in
the study area.

Detailed analyses of spatial and temporal drought dynamics during three seasons (2005/6 - wet, 2006/7 - normal
& 2007/8 - dry) have been carried out through index maps generated in Geographic Information Systems (GIS)
environment from the mentioned data. Analysis and interpretation of these maps, which give different drought
scenarios, reveal that remotely sensed drought-indices detect and map the local and regional drought spatial
occurrence well. Moreover, statistical analysis found good correlations between the regional crop production
data and the remotely sensed data. However, the results showed that the local and regional drought occurrences
detected were not reflected in national crop production data, confirming the suspicion that important local
spatial variations are only detected if higher spatial resolution data are used . The study concluded that fine
spatial resolution satellite data should be used to aid decision makers in monitoring and detecting drought which
will also aid the allocation of millions of dollars in drought relief funds.
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ABSTRACT

Management of water distribution system is becoming more sophisticated as the different assets in the
distribution system are aging and becoming more prone to failure, as well as to rising materials’ costs and
operational expenses.

The main aim of strategic and operational asset management is to gain the best delivery of services through
efficiently managing the assets. This can be done by including different aspects like maintenance strategies, risks
management and assets life cycle.

Asset management approaches with the aid of information technology helps the water utilities to manage assets
in water distribution system in more cost effective way and improve the reliability and the performance of the
system.
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ABSTRACT

Most of the water reservoirs in Pakistan face the problem of sedimentation. The Mangla dam’s capacity has
been rapidly decreasing since it construction in 1967. The land cover changes, whether natural or man made as
well as vegetation cover and rainfall have an immense effect on the sediment load. The traditional techniques to
analyze the problem are time consuming and spatially limited. Remote sensing provides a convenient way to
observe the landcover changes and gis provide tools for geographic analysis. This study demonstrates a GIS
oriented methodology to calculate the impact of vegetation and rainfall on sediment load by using remotely
sensed data. MODIS data is used to observe the temporal change in vegetation-covered area in Mangla
watershed. The total drainage area for the Mangla is calculated from SRTM data. Annual rainfall is used to
compute the annual available rainwater for the watershed. The impact of annual available rainwater on
vegetation-covered area is computed in this study. In addition, certain areas are also identified which are
causing sedimentation to the reservoir. An inverse relation between vegetation cover and rainwater is observed.

1 Introduction

Water is a very important resource for any country, especially for an agrarian one like Pakistan. It is a resource,
which cannot be generated but can be preserved. Every country is doing its best to manage the water resources
for the fulfillment of its needs. Water resources are affected by many natural hazards like sedimentation,
earthquakes, floods etc. The anthropogenic activities lead to the increase in sedimentation (Des E. Walling.,
N.D). World’s 13 large rivers carry 5.8 billion tons of sediments to the reservoirs every year (Nasir et al., 2000).

Pakistan is situated in a geographical location that leads to its rivers and their tributaries to get water from
mountainous regions. Summer monsoons cause heavy rainfall in south-east Asia. During the rainy season the
sediment load is very high due to flash floods in rivers. The watersheds in Pakistan are facing this sedimentation
problem. Most of the reservoirs in Pakistan have their source of water at the north of the country.

The intensity of rain is very high in summers as compared to the winter season. The erosion rate grows higher
with growing rain fall intensity (Wischmeier & Smith., 1978). The second factor that affects the erosion rate and
due to which Pakistan’s reservoirs face heavy sediments is steepness of the slopes. The water source for larger
mountainous watersheds like Mangla and Tarbela are from higher mountains. The third important factor, causing
sedimentation problem, is vegetation cover. Vegetation protects the soil from disintegrating and reduces the
sediment delivery to dams (Alejandro et al., 2007). The River Indus and its tributaries in Pakistan carry 431.55
million cubic meter (mcm) of sediments load in a year. With such sediment intake rates the Indus basin ranks
third in the world (Indus Basin).

The study area for this research is Mangla Watershed shown in Figure 1. Mangla dam was constructed in 1967
across the Jhelum River. It is situated 60 Km in south-east of Islamabad. The storage capacity of the Mangla dam
was 7250.04 mem when it was constructed and now it is reduced to 585675 mcm. The sedimentation rate is so
high that the reservoir has lost 19.2% of its capacity since 1967.

Erosion around the catchments area of the reservoir contributes the sediment load that reduces the capacity of the
dam. To prevent soil loss from the catchments areas there is a need for proper planning. The very first step in this
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planning is to uncover the main factors that contribute to sedimentation. The traditional methods of planning are
time consuming and spatially limited. Geographic Information System (GIS) has reduced the effort involved in
surveys and sampling. This study uses simple GIS and remote sensing based methodologies to identify the
effects of Vegetation and Rainfall on reservoir capacity. Annual rainfall is interpolated spatially in GIS
environment to compute annual available rainwater. Remote sensing technology serves best for the land cover
assessment and topographic information. For Geo-visualization, Shuttle Radar Topographic Mission (SRTM)
elevation data is used. Moderate Resolution Imaing Spectroradiometer (MODIS) sensor data is used to find out
the changes in the vegetation covered area across watershed. The effect of both vegetation and rainfall
parameters on sediment load is observed and the erosion prone areas are also identified in this research.
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Figure 1: Mangla watershed

2 Material and Methods

There are four types of data which is acquired for this research.

1) Satellite Data

2) SRTM Data

3) Annual Rainfall Data
4) Sediment Load Data.

MODIS images are used to classify the landcover features in the study area. Indeed, the temporal images of
MODIS are used in change detection. Six images with one year interval from 2000 to 2005 are selected for this
study. The SRTM data is used to generate watershed area of the Mangla dam. Eight tiles of SRTM data are used
to generate watershed. The total annual rainfall data from 2000 to 2005 is used in this study to compute the
available water for the watershed and to identify the area of heavy rains. Fourteen meteorological observatories
are selected to collect rainfall data. Sediment load data for Mangla dam is used to observe the vegetation and
rainfall effect on sediment load.
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Figure 2: General methodology of research

2.1 Watershed Area

The SRTM data is downloaded in height files. The SRTM height file contains the topographic information of the
earth. To generate the digital elevation model (DEM), the SRTM data need processing. By using Landserf
software the height tiles are first converted into landserf format (“.srf”) and then voids in data (due to sensor
defect) are removed with the help of the software,. The eight Landserf files are converted to text files.

The text files contain latitude, longitude and elevation information for each and every pixel. Triangular
irregulated network is generated from the text files in ArcGIS 9.1. Triangulated Ire-regular Network (TIN) raster
files are then converted to DEM raster files and then converted into single Dem file using Mosaic tool.

ESRI’s ArcHydro tool is used for extracting the watershed area from digital elevation model. The first step in
this processing is to fill sinks in the DEM. Sinks are sudden change in pixel height values.

Using hydrological modeling the flow directions raster is generated from DEM. The flow direction raster
actually shows the direction of water flow. Each and every pixel in flow direction raster is assigned a slope
value.

The next process is the flow accumulations. The flow accumulation is computed from the flow direction raster.
The flow accumulations raster contains the accumulated number of cells upstream of a cell.

By using this flow accumulation raster the stream definition raster is generated. The Stream Definition function
takes a flow accumulation raster as input and creates a stream raster for a user-defined threshold. This threshold
is defined either as a number of cells (default 1%) or as a drainage area in square kilometers. In this data
processing for stream definition the default 1% is selected.

To get the stream network in the area, stream segmentation raster is generated from stream definition raster. This
function links the stream definition raster to make the streams networks for the area.

The catchments delineation raster is computed from stream segmentation. The catchments raster delineation
function creates a raster in which each cell carries a value indicating cells belonging to catchments. The value
corresponds to the value carried by the stream segment that drains that area, defined in the stream segment link
raster.

To extract catchments polygon shape file the catchments polygon processing is done on catchments delineation
raster. The adjacent cells in the raster that have the same raster code are combined into a single area, whose
boundary is vectorized. The single cell polygons and the "orphan" polygons generated as the artifacts of the
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vectorization process are dissolved automatically, so that at the end of the process there is just one polygon per
catchment.

The drainage lines are generated from the stream definition raster and flow accumulation raster using Archydro
tool drainage line processing. The drainage line processing function converts the input stream link raster into a
drainage line feature class. Each line in the feature class carries the identifier of the catchments in which it
resides.

Lastly the watershed extraction is done by adjoint catchments processing function. The Adjoint Catchment
Processing function generates the aggregated upstream catchments from the "Catchment" feature class. For each
catchment which is not a head catchment, a polygon representing the whole upstream area draining to its inlet
point (reservoir) is constructed and stored in a feature class that has an "Adjoint Catchment" that is basically the
watershed of Mangla Dam The Mangla Watershed and its stream network is shown in Figure 1.

2.2 Available Rainwater

Annual available rainwater for the watershed is calculated from the annual rainfall data. From 2000 to 2005 total
rainfall for 14 stations are collected.

Six raster files for each year from 2000 to 2005 are generated from annual rainfall data having projected
coordinate system “WGS 84 North UTM zone 43”.

To calculate the available rainwater the watershed area is clipped from the rainfall interpolated raster files. So the
rainwater is calculated using function “Area and Volume” from the rainfall raster files. The available rainwater
for the watershed for each year from 2000 to 2005 in million cubic meters is given in Table 1.

Sr# | Year Available Rainwater (mcm)
1 2000 22853.14
2 2001 19850.58
3 2002 18533.38
4 2003 21982.79
5 2004 22696.98
6 2005 21741.84

Table 1: Computed annual available rainwater

2.3 Landcover Classification

The landcover classification to monitor the vegetations cover in the watershed area is performed with MODIS
data. Seven MODIS images are used for landcover classification.

To observe landcover changes over a six year period, supervised classification technique is adopted. Six images
as discussed before are used for classification. As described before the band combination that was used for the
interpretation is 7, 5, 3 of MODIS data. All the images are classified using supervised classification technique. In
this classification user has to select the training area to specify one landcover feature. In this study, four classes
are addressed i.e. vegetation, snow, water body, and bare land. All six MODIS images are classified having these
four classes. In the first instance, spectral signatures are made for each image by selecting ten to fifteen training
area for each landcover feature and then by using these signatures the images are classified using ERDAS
Imagine 8.7. The results of the classification of the area covered by each landcover feature in square kilometers
(km?) for all six images are given in Table 2.
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LandCover 2000 2001 2002 2003 2004 2005
S# Practice Area (km?) | Area (km?) | Area (km?) | Area (km?) | Area (km?) | Area (km?)
1 Vegetation 12543.09 18125.86 18228.45 17061.85 17827.73 16915.07
2 Bare Land 7230.39 6938.74 6578.05 5138.91 8095.24 9098.61
3 Water Body 1553.62 807.50 1009.48 486.90 767.96 494.21
4 Snow 7932.41 3390.78 3438.74 6555.21 2569.48 2753.79
Table 2: Landcover Classification Results
3 Results and Discussions
3.1 Impact of Rainfall on Vegetation

The vegetation trend is observed to be inversely proportional to rainfall. The vegetation covered area for year
2000 was 12543.09 km® with annual rainwater available for year 2000 as 22853.14 mem. Rain water that was
available for watershed in year 2001 was 19850.58 mem and vegetation covered area in 2001 was 18125.86 km*
In 2002 the vegetation trend remains the same with decrease in available rainwater to 18533.38 MCM, while the
vegetation increased to 18228.45 km®. Again the available rainwater increased to 21982.79 mem and vegetation
decreased to 17061.85 km®. The vegetation trend changed slightly in the year 2004 with increase in rainwater
from 21982.79 MCM to 22696.98 mecm. An increment in vegetation was observed from 17061.85 km? for 2003
to 17827.73 km*for 2004. Again in 2005 the vegetation and rainwater both decreased rainwater 21741.84 mem
and vegetation 16915.07 km”. Graphical representation of rainfall impact on vegetation is given in Figure 3.
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Figure 3: Impact of Rainfall on Vegetation

3.2 Impact on Reservoir Capacity

The comparison between sediment loads is performed differently because the data for sediment load is recorded
as total load for two to three year rather than for a single year. The sediment load, vegetation covered area and

rainfall water are given in Table 3.

S# Name 2000 (2001-2002) (2003-2005)
Vegetation Average Average
1 (km? 12543.088 18177.150 17268.216
Annual Available Average Average
2 Rainwater (MCM) 22853.140 19191.980 22140.550
Sediment Load
(MCM) Total Total
3 Data Source:(WAPDA) 34.524 115.902 73.98
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Table 3: Rain water and Vegetation Impact of sediment Load
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The sediment load for 2000 was 34.524 mcm with 12543.088 km® of vegetation covered area and rainwater
22853.140 mcm. The average vegetation covered area for the year 2001 and 2002 was 18177.150 km® and
average rainwater for same two years was 19191.980 mcm with total sediment 115.902 mcm. The average
rainwater available for three years from 2003 to 2005 is 22140.550 mcm and average vegetation covered area is
17268.216 km” while the total sediment load was 73.98 mcm.

3.3 Identification of Erosion Prone Areas

The erosion prone areas are identified for each year from 2000 to 2005. The identified erosion prone areas and
rainfall distribution maps are given in figure 4.

Erosion Prone Areas along with Total annual Raifall for 2000 Erosion Prone Areas along with Total annual Raifall for 2001

Map Legend
: #-+-# Rainfall
District Boundaries
] watershed Boundary
I Bare Land

Map Locator
st R

Figure 4(a): Erosion Prone Area’s Maps for year Figure 4(b): Erosion Prone Area’s Maps for year 2001
2000

Erosion Prone Areas along with Total annual Raifall for 2002 Erosion Prone Areas along with Total annual Raifall for 2003

Figure 4(c): Erosion Prone Area’s Maps for year Figure 4(d). Erosion Prone Area’s Maps for year 2003
2002
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Erosion Prone Areas along with Total annual Raifall for 2004 Erosion Prone Areas along with Total annual Raifall for 2005
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Figure 4(e): Erosion Prone Area’s Maps for year Figure 4(f): Erosion Prone Area’s Maps for year 2005
2004

4 Conclusions

Resource conservation has always been a critical issue as far as its efficient preservation and utilization is
concerned. This study has helped enlighten the effects of different parameters that have majorly caused
sedimentation in Mangla water reservoir. Incorporating the rainfall interpolation procedures have revealed the
complex relationship between vegetation and available rainwater, depicting that decrease in vegetation along
with heavy rainfall triggered the erosion process.
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ABSTRACT

One important topic in surveying is the monitoring and analysis of deformations of different kinds of objects,
such as buildings, industrial constructions or geological structures like rocks, glaciers and landslides. Especially
geology, hydrology, geodesy, geotechnical and mechanical engineering are cooperating concerning triggering
effects, dynamic models, disaster prediction and technical countermeasures. One important interface between
mechanics and geodesy is the interaction between dynamic models for an object under influence of physical
interactions and the motion or deformation pattern coming from geodetic measurements, which can be used to
develop, adjust or tune the model. Geodetic measurements usually are done to individual discrete points that
represent the object to be analyzed. Usually the deformation analysis is then based on the movements of several
single points without considering the moving object as a continuum. The paper presents a method to interpolate
a continuum out of the single point measurements that allows the calculation of deformations in the infinitesimal
surrounding of any point of the object at any time. This paper presents the results for a project in the Austrian
Alps, where a land slide caused damages to buildings near a ski slope.
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ABSTRACT

An attempt was made to identify and map the floating aquatic plants in a small tank called “Mahawewa” in
Puttlam district of western Sri Lanka, since most Sri Lankan dry zone tanks are affected by the invasive floating
aquatic plants (IFAP) creating many ecological and socio-economic problems. There are no sufficient studies on
IFAP spatial distribution to manage and conserve these valuable cascade ecosystems in the country.

Increasingly, efforts are made to avoid invasions or eradicate or control established IFAPs. It has long been
recognized that Remote Sensing (RS) and Geographical Information System (GIS) could contribute to this, for
instance through mapping actual IFAS distribution and areas at risk of invasion. Potentially GIS could also be
used as a synthesizing tool for management of interventions aiming at invasive species control.

This study is an attempt to identify the IFAS spatial distribution using IKONOS satellite imagery analyzing
Electro-Magnetic Radiation (EMR) emitted by different species. IKONOS Multi Spectral Scanning (MSS)
imagery was used to obtain NDVI classification of the tank. Classified classes were identified using the sampling
data, Quick Bird imagery and digital photographs of the study area. Finally, IKONOS MSS imagery was
classified according to the derived classes. Error estimation was done to find the accuracy of the FAP
classification. Based on these results, FAP extent was quantified.

Accordingly images are analyzed to identify major FAP spread and GIS mapping can be done in a large scale.
GIS software allows generating geo-referenced large-scale maps of IFAP locations and abundances. These
maps can be used to quantify the threat of IFAP, and assist in management decisions and future monitoring.

1 Introduction

Sri Lanka has more than 100 water basins, varying from 10 km” to over 10,000 km? in size. Today's map of Sri
Lanka, especially the so-called dry zone, is dotted with literally thousands of ancient tanks of varying sizes and
shapes (IUCN-WANI, 2006).

At present, most of the small tanks in the dry zone of Sri Lanka have been affected with the rapid expansion of
the Invasive Floating Aquatic Plants (IFAP) which has severe ecological impact and economic cost. Invasive
species are a current focus of interest of ecologists, biological conservationists and natural resources managers
due to their rapid spread, threat to biodiversity and damage to ecosystems. Invasions may alter hydrology and
nutrient accumulation (Polley et al., 1997). These IFAP help to increase the flood threat in different parts of the
Island. Highly abundant IFAP in Sri Lanka are Eichhornia crassipes, Pistia stratiotes, and Salvinia molesta. It
forms dense mats over lakes and slow moving rivers and causes large economic losses and a wide range of
ecological problems to native species such as Nelum (Nelumbo nucifera ) and communities.

These IFAP have been introduced to Sri Lanka in different periods due to various reasons. At present these IFAP
have dominated the stagnant fresh water bodies in most parts of the Island. Especially, this situation has highly
affected the people who live in the dry zone areas by disturbing their day to day activities. But there is no proper
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survey carried out so far regarding these IFAP due to lack of resources, difficult accessibility and inadequate
attention. These species spread on fresh water bodies rapidly and dominate and suppress native vegetations.
There are lots of variables such as temperature, water quality, salinity, etc which influence this process. Nobody
knows the way of spreading and what the locations are. Identification of spreading pattern of these IFAP is very
important to take actions to control or manage in future. However, the conventional survey methods take more
time to estimate spreading areas and it is a costly event. Integrated Geographical Information Systems (GIS),
Remote Sensing and Global Positioning System (GPS) can be used as a tool to mitigate above problems and it
gives very accurate and precise maps and models for predictions on future distributions (Gunawardana et al.,
(2007). These kinds of information are very important to appropriate management practices and conservation
efforts. Satellite remote sensing has come up as a potential tool to map and classify land use cover and
vegetation cover classes in remote and in inaccessible regions (Lal et al., 1991).

Study Objectives

This study explores the relationship between IFAP emitted radiation and satellite imagery data; identifies
possibility of mapping the spatial distribution of IFAP and vegetation using IKONOS imagery.

The specific objectives are to

= Assess the relationship between IFAP and vegetation classes using different band combinations of
multi-spectral IKONOS satellite imagery.

= Assess the spatial distribution of FAP.

=  Explore the possibility of mapping the spatial distribution of IFAP and vegetation with high accuracy
using imagery.

2 Research Method
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Figure 1: Research Methodology
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2.1 NDVIImage Classification

Image classification is based on the different spectral characteristics of different materials on the earth’s surface
(Wim et al., 2001). Sub set of IKONOS image was used as the input image for NDVI classification. This NDVI
classification was done according to the formula with the use of Image Interpreter in ERDAS software. The
resulted grayscale NDVI of the classified image ranges from -0.13217 to 0.222997. But there is no possibility of
using this grayscale NDVI image to identify the different classes by visual image interpretation. Therefore this
NDVI image was sliced to different colours by assigning colours to start and end. It resulted imagery with clearly
differentiated classes. Considering different classes in the classified NDVI image, four major vegetation types
were identified. True Colour, high resolution Quickbird imagery was also used to verify the reliability of the
classification. Boundary of water bodies were demarcated using existing topographic maps and multi-spectral
satellite imagery- panchromatic band.

2.2 Sampling Design

Spatial data comes in many varieties and it is not easy to arrive at a system of classification that is
simultaneously exclusive, exhaustive, imaginative and satisfying. Due to that reason proper sampling method
should be adopted in order to represent the total population (Graham and Fingleton, 1990).

This Classified NDVI image was used to identify the major vegetation types and to allocate sampling points for
the study area. The imagery was first interpreted visually based on false colour composite. Vegetation in water
body is heterogeneous and to capture this variation for classification purposes, sampling points were selected
based on proportionate random sampling design. This was done using the results of the sliced NDVI image
which was classified using unsupervised scheme.

2.3 Field Data Collection and Analysis

A set of hand held GPS (Sub-meter accuracy) and high resolution Quickbird Satellite imagery were used to
navigate to the sample points in the field. The images were predetermined using the NDVI sliced image. Shape
of the tank boundary and the physical landmarks were used to confirm the sampling points. Major classes of the
sliced image were also helpful to find vegetation types.

Square plots of 30X30 feet were established for vegetation attributes assessment. In particular plot’s water
percentage, IFAP cover percentage and other vegetation cover percentage were visually recorded. Water height
was also measured in each and every sampling point.

2.4 ldentification of Different Classes

NDVI vs Class No.
1000 1 [ ] [
06
05
800 4 m
—> _ _
04 a _
v _
x 96 03 UL |
| 02 = HHH u BOLASS
- * 400 { -
0.1 o H
0t e —lanl
56
CEEEEEECEEEEECEEEEEEEE @
2 1000 01 6 89— 10—t 121314151617 1816202222324
0 02
RED

Figure 2: Feature Space with Major Clusters Clusters. Figure 3: NDVI Graph with Major
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Identified clusters were scattered in five different groups as above. Scattered classes were grouped together and
finally merged these signatures and observed five major classes (clusters) out of 25 classes.

Cluster 1: (C1-C3, C19-C24) Water, Cluster 2: (C5-C8) Eichhonia, Cluster 3: (C9-C11) Grass, Cluster 4: (C12-
C17) Pistia, Cluster 5: (C18) Nelum.

In visual interpretation, trained eye and brain operate as a very sophisticated contextual classifier and adaptive
expert system, interactively learning from mistakes and refining the classification (Christopher and Nicholas,
1995).

Clipped IKONOS multi spectral imagery were subjected to unsupervised classification into 25 classes using
ERDAS software while creating a signature file to these classes. Numbers of classes were assigned considering
the levels of detail we require, pixel resolution and mapping scale (Chandrashekhar, 2006).Visual interpretation
was done using high resolution Quickbird satellite imagery, before assigning the classes into clusters. At
clustering stage, each and every cluster was visually cross checked with the classified layers as well as with high
resolution satellite imagery. Classified image was recoded according to the identified clusters with different
colours at the final stage.

Most of these classifiers are sophisticated and require good knowledge of remote sensing and classification, and
sometimes advance equipment. This may be a challenge to many resource managers in developing countries
despite the need for mapping skills in resource monitoring (Zacchaeus, 2007).

3 Results

The FAP of the tank covering study area was classified into 6 classes based on Maximum Likelihood and
Minimum Distance classifier: Eichhornia crassipes (Eichhornia), Pistia stratiotes (Pistia), grass grown on IFAP
(Grass), native plant (Nelum ) community and water.

These classified classes were represented in map with different colours according to the legend. Sites were
assigned to these classes based on dominant species within the sampled plot. While water body is represented in
Blue, FAP Species are represented with other colours. According to the results, maximum cover was due to
Pistia stratiotes (Pistia) whereas minimum cover was by Nelum (Nelumbo nucifera). Eichhornia crassipes
(Eichhoria) and Grass always acquire larger area while native plant (Nelum) exist as small patches in the tank
area Figure 4 shows the spatial distribution of the cover classes based on maximum likelihood classifier.

Most of the Pistia stratiotes (Pistia) distribution could be seen at openings of the water body. There is a high
competition to survive native plants from IFAP spread, mainly with Pistia stratiotes (Pistia) in exposures of the
water body. Grass and the Eichhornia crassipes (Eichhoria) distributed along the boundary of the study area and
narrowed areas. Most of the Eichhornia crassipes (Eichhoria) distributed in the stagnant water areas.

Figure 3: Mapped FAPs with Tank Surrounding Area
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Area (ha) % Cover
Pistia 24.3504 35.96
Eichhornia 10.1792 15.03
Grass 18.7824 27.74
Native Sp. 1.4624 2.16
Water 12.9328 19.10
Total 67.7072 100.00

Table 1 FAP Quantified Data

Small species such as Salvinia molesta and other small ferns couldn’t be identified in this scale due to their
hidden characteristics and small scale. These small species won’t register in satellite images due to few amounts
of homogeneous scattered species present.

According to the observed results, approximately 80% of the study area is covered with the FAPs. Only 15% -
20% of the tank area was existing as water body exposure. These water body exposures mainly exist in the center
areas except the South-East areas. These areas were maintained by a coconut plantation company. Tank area was
mapped with its surrounding features to get clear idea about the study area. This map was used to compare the
spread of classified FAPs with respect to the sizes of surrounding features.

These features were mapped by overlapping the classified FAP layer and digitized features with the IKONOS
high-resolution panchromatic imagery.

3.1 Floating Aquatic Vegetation Cover Quantification

Classified FAPs of the study area were quantified to get exact percentages of different feature classes.
Quantification was done analyzing the relevant species pixels of the classified classes. Area of extent for each
and every classified class could be obtained by counting the relevant pixels. Area of each species was calculated
using relevant pixels in the map. Exact ground representation of each species was taken using the scale of the
map.

3.2 Spatial Distribution of Aquatic Vegetation Cover Classes

Spatial distributions of the identified main classes were directly linked with different variables. Most of the IFAP
start spreading from the peripheral of the tank. Then it spreads towards the centre of the tank while dominating
the native FAP Species. This condition is more significant in stagnant shallow water.

Analysis was done to find relationships between water height and floating vegetation cover.

Initially, DEM was created with the use of the interpolated layer which derives from the water heights. Then the
tank boundary was identified with the DEM by overlapping the two layers. Classified layer overlapped with the
water height helped to find any relationship between water height and floating vegetation cover. According to the
results, openings of the tank area have higher water depth than the vegetation covered areas. This is significant
especially with the IFAPs.

This observation was justified with the 3D layer which was created with the classified FAP layer using the water
heights. According to the results, most of the peaks were representing the water openings, native species or
Pistia stratiotes (Pistia). Lower areas of the 3D layer having the Grass and Eichhornia crassipes (Eichhornia)
exist as thick layer. High level of silt could be observed with these species located in the peripheral areas of the
tank.
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Figure 5: Classified Layers with Water Heights in Different Angles.

Ref | ol | Comeet | ieturiey | aoourmey | St
Un

classified 0 1 0 N/A N/A
Eichhornia | 11 11 8 72.72 72.73 0.641
Grass 16 15 12 75 80 0.7142
Pistia 12 13 11 91.6 84.6 0.7837
Nelum 2 3 1 50 333 0.290
Water 9 7 5 55.55 71.42 0.6676

Total 50 50 37

Overall Accuracy = 77.48% Overall Kappa Statistics = 0.6818

Table 2: Accuracy Assessment for Classification

3.3 Accuracy Assessment

Accuracy of the classified image was tested with the data which were collected at the accuracy assessment
sampling points. Testing was done comparing the classified classes information with the ground collected data.
The quality of classified maps depends on their classification accuracy (Foody, 2002). This is because the
accuracy of a thematic map influences the output of its application (Powell et al., 2004).

Therefore accuracy assessment is a essential step in proper image classification in order to check for errors
propagated by the way data is acquired, analyzed, and converted from one to the other. The most commonly used
method to assess classification accuracy is the error or confusion matrix (Congalton et al., 1999). However it
may have shortcomings that the result from the ambiguity of implementation, lack of acceptance on the
appropriate accuracy to report or virtually the way the results are interpreted (Powell et al., 2004; Foody, 2002).

4 Conclusion and Recommendations

This study was an attempt to evaluate the potential of RS and GIS techniques for the critical task of IFAP
mapping. Through the integration of RS and GIS techniques, high scale mapping could be done to visualize the
current conditions of IFAPs’ spatial distribution in the Mahawewa tank area as a pilot study.

Following conclusions were derived from this study.

=  The spatial distribution of IFAP was mapped with high producer accuracy (73.7%) and user accuracy
(77.18%) using IKONOS imagery. Overall accuracy of 77.48% was achieved in the final cluster
classification.

= [KONOS imagery provided a good source for classification of FAP vegetation. However, care is needed
for its application in mapping and identifying the spatial distribution of FAP and grass vegetations
especially, in the heterogeneous areas or when undertaking detailed mapping at local scale. This is due
to inseparability between classes and generalization resulting from MSS satellite imagery.

= Pistia stratiotes presence declined with elevation of the water depth. Eichhornia crassipes and grass
species showed preference for lower zones prone to regular flooding.
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5 Recommendations

This study explored the FAP Species spatial distribution and the way of its spreads in tank area. It further
evaluated the relationship between water depth and FAPs distribution in this environment. However, there is a
need to investigate how the observed vegetation (FAPs) changes over time through seasons. There is a possibility
to carry out the same research methodology in a wet zone tank to identify the relationship between IFAPs
reflectance with spectral indices.
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ABSTRACT

Bolivia belongs to those countries owning the biggest biodiversity worldwide. Moreover, the country owns very
reach ancient cultures. Although all these assets offer a big potential for tourism, Bolivia does not play a big role
at the international tourism market. However, the significance of this sector to the national economy may not be
underestimated. The international tourism is for the country between the main foreign currency sources after the
soy export and oil derivates.

During the last years tourism has been considered in some rural Communes in Bolivia, as possible potential
development factor to be implemented. According to the principles of sustainable development this process must
lead to the population welfare increment, conserving or rather improving the ecological stability. That means
for the tourism, that its development must occur according to these principles. The sustainability can then be
appreciated when it improves the population quality of life in such a way that still offers social security to later
generations and therefore no irreparable resources damage will occur (Vorlaufer, 1996).

This paper handles the case study “Surveying Tourism potential at the Angostura dam and surroundings”. La
Angostura is a water reservoir, which originally was built as part of a national irrigation system located in the
Arbieto Commune in Cochabamba, Bolivia. La Angostura is one of the principal touristic areas of Cochabamba.
A regional spatial analysis from the tourism point of view will be performed, together with empirical data
research methods like expert’s interviews, fieldwork as well as GPS-tracks survey, between others. These
investigations are being executed in order to know which culture and nature spatial factors exist and which role
tourism is playing over there. Because of the different kinds and sources of information required as input for this
project, Geographical Information Systems are used to support their different phases.
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ABSTRACT

Due to the importance of the agriculture in Europe the European Union (EU) created the CAP (Common
Agricultural Policy), system of agricultural subsidies and programs. In 1992 a reform to the CAP introduced a
direct area-based subsidies for farmers, part of the CAP Integrated Administration and Control System (IACS) ,
required the Member States to set up a Land Parcel Identification System (LPIS) based on land registry, maps,
cartographic references, aerial or satellite imagery, mainly used for area bases subsidies and crosschecking of
the farm declarations. The Geographic Information System (GIS) and the LPIS tools just achieve that. Therefore
the use of alphanumerical and geographic data made compulsory the use of GIS.

1. INTRODUCTION

Within this European Agricultural context, GAF AG an international consulting company with extensive
experience in applied remote sensing and spatial information systems, has provided many services in the area of
Agriculture from research to development of Geographic Information System for Agriculture,
LaFIS® (Agricultural Land Information System), the predominately software used as IACS-GIS solution in
Germany which was adopted to various IT environments and administrative procedures in various Federal
States.

Since 2004, a Geographic Information System for parcel declaration was created for the Bavarian Ministry of
Food, Agriculture and Forestry (StMELF) to accomplish with the European Policy of Agriculture. In this paper,
the system will be described, starting with the declaration of the farmers to the maintenance of the data by the
Ministry and Agricultural Offices.

2. FARM DECLARATION

Every year during the winter begins the period for parcel declaration. The farmer must declare their managed
agricultural parcels by giving information of the location, area and details of crops like landscape elements to
their allotted Agricultural Office. The declaration can be done in analogue form such as: paper maps of each
parcel drawn by the farmers and declaration forms or digital, via the MfA Online (Multiple Formular Forms
Online) that contains forms for alphanumerical declaration located in the Bavarian Ministry.

Additionally a web service called BayernViewer hosted by the Bavarian Surveying Authority (BVV) is
connected to the database of the Bavarian Ministry that contains the geographic information of the farm
declaration, where the farmers can see information about their parcels and specify which parcels not longer
belong to them.

As part of the task of the editors in the Agricultural Offices is to check the received declarations of the farmers
and to enter the analogue alphanumerical data in the LPIS database BaLIS (Database application on an IBM host

1 Adapted paper for presentation proposes at the Summer School AGSE 2009, based on original paper written by: Schulz, M. & Brand S.,
2009. Development of an administration-wide Geographical Information System for agricultural applications.
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system). The alphanumerical data that was handed in digital form is checked for plausibility by the host system.
As a next step, the agricultural parcels have to be either newly entered or updated in the GIS-System. The parcels
of a farmer have to be edited because of building and road constructions influenced agricultural land as well as
the transfer of a parcel to another farmer. The client application for this task is the software LaFIS®.

The parcels in the GIS-system are the basis for the subsidy payments for the farmers. The subsidies for Federal
State of Bavaria go up to € 1.4 billion per year. The agricultural authorities are forced to check and verify the
agriculture parcels eligible for the subsidies. Therefore is necessary to measure the parcels on-the-spot controls
or by remote sensing means, usually done with the most recent satellite images (IKONOS, SPOT) available
provided by the Surveying Ministry of Bavaria. At least 5% of the 125,000 farmers have to be controlled each
year. For the on-the-spot controls, the mobile GIS-client called LaFIS®-VOK (on-the-spot-control) is used. This
data can be exported from the main database. The exchange of data for GPS-measurements is also included. The
on-the-spot-control consists in verify that the information provided (type of crop, the hectares of the parcel, and
applied harvest techniques among others) in the declaration is correct.

3. OVERVIEW OF THE SYSTEM

Figure 1 gives an overview of the system and the components and administrative authorities involved. The core
system with declaration data and reference plots is maintained by the StMELF. It consists of the LaFIS®-system
and the interface to the LPIS-database BaLIS. Connections exist to the BVV with the BayernViewer —agrar and
the Web-Mapping Service (WMS). The WMS is used for the retrieval of raster images (digital orthophotos) for
the LaFIS® clients. Therefore, standardized interfaces, like Web Feature Server with Transactional (WFS-T) and
WMS, are used in the connection to the BVV. For the communication of LaFIS® with BaLIS customized
EntireX interfaces are developed. The BayernViewer, MfA and BaLIS were created and are maintained by the
Bavarian Ministry.

Bayern
Viewer
-agrar
LaFis-DB
PostGIS / LaFIS 4.0 —
Bayern \
Viewer GeoServer LaFIs
-agrar  — (WFS-T) Natification *‘Pg“““ﬂﬂ
Server “'-.\\ / erver \\
LPIS-DB
Balis LaFIS vOK —1 GPS
DB2
WMs ’
Bayerische Bayerisches Staatsministerium fur Ernahrung. Bayerische
Vierme s sungs vervaltung Landwirtschaft und Forsten (SIMELF) Landwirtschaftsamier
(Bavarian Surveying |Bavarian Ministry for Food, Agriculiure |Bavarian Agricubtural
Authaority) and Forestry) Offices)

Figure 1: Overview of the system

4. THE CENTRAL GIS-SYSTEM LaFIS®
The central GIS-system uses a flexible three tier architecture, consisting of a spatial database (PostGIS), an
application server and the LaFIS® clients.

The application server communicates with two databases: a PostGIS database (LaFIS®-Database) - that is the
main GIS-Database storing the spatial data — and BaLIS-Database which stores alphanumerical data maintained
by the StMELF. The communication between the Database2 and the application server is managed by EntireX.

Applied Geoinformatics for Society and Environment 2009 - Stuttgart University of Applied Sciences 45



S. Brand, M. Schulz, Aitana Zambrana

The GIS-clients LaFIS®4.0 and LaFIS®-VOK use the application server for data exchange. During the start-up
of the LaFIS®4.0 client, spatial data are loaded from the LaFIS®-Database together with the relevant declaration
information from BaLlIS.

The main GIS-client is LaFIS®4.0, used for the maintenance of reference plots and landscape elements and
preparation of on-the-spot control data.

After the preparation of the parcels the data for the spot or remote sensing control can be exported to the mobile
client LaFIS®-VOK. The data is exported to an Access Database on a mobile PC. These exported data is locked
in the central database. During the export the raster images of the Area of Interest of the farms are retrieved from
the WMS. In the field, the parcels can be also exported as shapefiles to a GPS for measurements and the results
re-imported to LaFIS®-VOK. After the on-the-spot control, the data are transferred back to the central LaFIS®-
System. In LaFIS®4.0, the results of the on-the-spot-controls can then be directly transferred to BaLIS.

5. WFS-T and BayernViewer—Agrar

The main online application used by the farmers for the declaration is the MfA Online which allows registering the
alphanumeric data (see Figure 2).

Maoblle
Client Client
LaFI$ 4.0 LaFIS > WMS
VOK

i !

Java Application Server

Entirex
LaFIS-DB Balis-DB
PostGIS DB2

Figure 2: Overview of the central GIS-System

The declaration data has to be processed before is stored as final in the Database. Due to security reasons, the
working data is temporally store in a table; the data is review by an authorized user who will be informed by a
notification system based on BaLlIS.

Therefore the WFS-T server has to fulfill two tasks. Firstly, the modified data has to be persisted and made
available to the LaFIS® system and secondly the notification system has to be activated which is based on
BaLIS. In the last step, the authorized user incorporates the notified changes. This is done by means of the
LaFIS® client including specific tools for the completion of this task.

The requirements for the creation and implementation of the WFS-T server were defined by the Bavaria
Surveying Office. The server should fulfill the following requirements: a product free of cost or at least a lower
price, open source-code, easy to use, that deals with security issues, easy to install and maintain, and it should
support WFS-T service. Two servers were chosen to test UMN (University of Minnesota) Mapserver and
Geoserver. UMN is an open platform for publishing spatial data. The setup of this server was not easy, it didn’t
have features for dealing with security issues and lack of a good technical support. On the other hand, Geoserver
was easy and fast to install and moreover fulfilled the expected requirements.

The WFS-T gives to the user the facility to accomplish task like splitting the parcel, edit the polygon to redefined
the the new parcel or new size of the parcel to harvest. WFS-T deals with these data and is send to a temporally
table to LaFIS® -Database without modifying the original Fieldblock table and sending a message to BaLIS
database to be processed by the editor of the office in charge of this Fielblock. Currently the verification of the
changes is done manually by the responsible office where the Fieldblock belong to. This is a functionality that
could be done by the WFS-T server, but for security reasons the Ministry prefers to keep it in this way. One
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future functionality could be that when the farmer enter and submit the data through BayernViewer-Agrar, then
the WFS-T sends a notification to the authorized editor and immediately after the change has been approved by
the editor, the new modified and approved data could be send via the WFS-T server and displayed again in the
BayernViewer-Agrar, notifying the farmer that the data was processed and can be visualized. Futures changes or
improvements depend on the time, effort and requirements of the Ministry.

6. SUMMARY AND CONCLUSIONS

The IACS-GIS system-components of the LaFIS® product suite has provided a clear advantages: to allow the
administrative checks, and on-the-spot checks, improving time, processing, control and maintenance of LPIS,
what means more reliability of the declaration, which benefit the interest of the farmer and European
administrations.

The advantages of this system are: no additional paper is necessary, no break in the chain of data, support is
provided by plausibility checks in the program and use of data from the previous year speeds up the process.

Since the introduction of subsides, their annual eligible area and obligations has increased the procedures
enormously. Even for Agricultural Staff is difficult to know every detail of the European Agriculture guidelines.
This product has become in a straightforward tool reduce the complexity of administrative procedures and data
transference.
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ABSTRACT

Internet GIS is the GIS based on the network technology of the internet. Client, web server, application server,
map server, data server etc. are the components of a three tier or n tier client server computing architectural
model in Internet GIS. Web 2.0, the second generation of web development and design, has made web
applications more interactive and expressive. Adobe Flex, JavaFX, Microsoft Silverlight etc are the frameworks
for building RIAs. The Map APIs from Google, Yahoo, ESRI etc and other mapping services, made spatial
information more significant and freely available for the users. The task was to build a RIA for calculating
produced energy by photovoltaic cells. Adobe Flex has been used for developing the application. Google Maps
API has been used for base map. BlazeDS has been used for middleware. The radiation data from NASA has
been used for calculation purpose and placed in the Oracle data server.

The research included a close comparison among the similar technologies like Flex, Silverlight, JavaFX, and
AJAX to build the RIA, then Google, Yahoo, ArcGIS maps apis were critically compared to provide a suitable
base map and services like geocoding. The formulae were developed to calculate energy produced by
photovoltaic cells. The data source was selected among various data sources for radiation data.

The client is based on flex/flash for increased interactivity and expressiveness. MXML has been used for user
interface and ActionScript for functionality. Google Maps API has been compared and chosen among other APIs
for flex available. So the RIA will use the Google Map Server as an External Map Server. BlazeDS which is a
J2EE based data server running over Tomcat serviet engine has been used as the middleware for this application.
The data server is ORACLE at this moment and will be shifted to MySQL. Here the solar radiation data of SSE
dataset from NASA is stored. The data was imported from the source after critically comparing them with one
another.

In this application client can search for the desired location, digitize the roof of the house, specify azimuth of the
roof by digitizing a line, specify slope, photovoltaic type and shadow and get the area of the roof in sqm, azimuth
in degree and the average daily energy production data for 12 months. The client can also compare the monthly
bills with the result and see chart to better understand the savings. After creating a user account the user can
save and load his data. The application will be launched very soon and will be freely available all over the world.



ONLINE GIS TO ASSESS AND EVALUATE DISTRIBUTIONS
OF FRESH AND BRACKISH WATERS FISH SPECIES IN AFRICA

Rainer Zaiss

L'Institut de Recherche
pour le Développement (IRD), *44, boulevard de Dunkerque, CS 90009
F-13572 Marseille Cedex 02, France
Rainer.Zaiss@bondy.ird.fr

ABSTRACT

Biodiversity of fresh and brackish waters fish species in Africa is both highly diverse and of great regional
importance to livelihoods and economies. Many areas in Africa are still not well surveyed such that available
information on fish species is insufficient for environmental and development planning. Lack of basic
information on species distribution and threatened status has long been a key obstacle facing freshwater
ecosystem managers in Africa. Therefore, IRD has initiated a project to put in place an online GIS to collate,
store, manage, and make widely available information about the distributions of fresh and brackish waters fish
species in Africa.

The build up of the GIS required identifying and collating fundamental data themes for the entire African
continent, which are point locations on all known species, hydrography, hypsography, international boundaries,
geographic names and land cover. Lack of accurate, reliable and up-to-date fundamental geo-spatial data sets
as well as problems caused by error, inaccuracy, and imprecision were the main challenge to put in place the
application. The database holds actually around 7000 sample sites spread all over the continent, 3300 distinct
species, and about 100 000 records.

The online GIS consist of open source components. PostgreSOL is used as object-relational database
management system, PostGIS adds support for geographic objects, and the UMN MapServer provides raster
data layers. The graphical user interface is based entirely on SVG, a standardised XML language for describing
2D graphics via vector graphics, text and raster graphics. Data from the server is retrieved asynchronously in
the background without interfering with the display and behaviour of the existing page to create a rich Internet
application. The first beta version of the application is accessible at the address http://www.ird.fr/poissons-
afrique/faunafri/..
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ABSTRACT

Forest fires cause significant economic damages and hazard to environment all over the world. Apart from
preventive measures, early warning and fast extinction of fires are the only chance to avoid major casualties and
damage to nature. This paper describes methodology based on emote sensing and GIS for provision of various
early warning of forest fire (so called hot spots) danger conditions for regulatory authorities to take actions for
mitigation. Hot spot locations were identified through an automated procedure from MODIS and NOAA AVHRR
satellite images. Combination of the Daily Hotspot Images coupling with various GIS layers generated Active
Forest Fire Map. For the study area Results from the model can support detection and monitoring for wild fires
in the forest and enhance alert system function by simulating and visualizing forest fire and helps for
contingency planning.

1 Introduction

Fire has been identified as one of the major threats causing the loss of forests in several states in Malaysia.
According to Forestry Department of Peninsular Malaysia (JPSM) and Forest Research Institute Malaysia
(FRIM) statistics show that during the last 17 years (between 1992 and 2009), more than 256600 ha of peat
swamp forests of Peninsular Malaysia have been destroyed by fire (Wan Ahmad, 2002). In the event of a
prolonged spell without rain, and a lowering of the water table in the peat swamp forest, the organic layers
becomes completely dry and is very prone to fire. Fires in these peat swamp forest create much more smoke per
hectare than other types of forest fires and are difficult to extinguish. Therefore, the understanding of the areas at
risk to fire needs to be closer concentration in peat swamp forests. A precise evaluation of forest fire problems
and decision on solutions can only be satisfactory when a fire hazard zone mapping is available (Jaiswal et al,
2002).

Remote sensing techniques can offer cost-effective ways to assess wildfire risk in nearly real time with wider
spatial and regular temporal coverage. Such estimations of fire risk influence local policies in terms of fire
prevention and the management of prescribed fires, the latter becoming increasingly important for controlling the
buildup of fuel and in revitalizing the landscape (Pradhan et al., 2005, 2006 and 2007). The Terra and Aqua
satellites were launched more than seven years, both carrying the Moderate Resolution Image Spectroradiometer
(MODIS) sensors. MODIS makes possible of monitoring earth four times a day. The Malaysian Ground
Receiving Station (MGRS) can directly receive MODIS data. Geospatial technology, including Remote Sensing
and Geographic Information Systems (GIS), provides the information and the tools necessary to develop a hot
spot information system in order to identify, classify and map fire hazard area. Before, during and after disaster,
the accurate sharing of information is important. Making the information available via the world-wide web,
people can share information to assess the situation and make decisions. Within the last few years, horest fire
detection and analyses using GIS and remote sensing data methods have been applied by researchers in different
countries (Anderson et al., 1999; Boyle, 1999; Carlson and Burgan, 2003; Chrosciewicz, 1978; Chuvieco and
Congalton, 1989; Chuvieoco et al., 2003, 2004; Danson and Bowyer, 2004; Fensholt and Sandholt, 2003;
Fosbering and Deeming, 1971; Gao, 1996; Gao and Kaufman, 2003; Goward et al., 1987; Hardy and Burgan,
1999; Ketpraneet, 1991; Li and Cihlar, 2009; Qadri, 2001; Rothermel, 1972; Salas and Chuvieco, 1994; Stibig et
al., 2002; Zarco-Tejada et al., 2003).
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2 Study area

There is a high potential of danger of fire in the dry season especially in the peat swamp forest and plantation
forest. Most of fires are caused by human activities, either due to carelessness or burning activities in crop
plantations. On 1995 and 1999, fire was occurred in the peat swamp forest area within the study area (Pradha et
al., 2006). Figure 1 shows MODIS images for Peninsular Malaysia which is the study area. This study utilized
two types of remote sensing data, i.e. MODIS, NOAA AVHRR for automatic identification of hot spot area.
Therefore, the study areas were different for each dataset. The study area for MODIS data and NOAA is
Peninsular Malaysia as depicted in Figure 1.

Figure 1: Location of the study area

3 Materials and Methodology

Accurate detection of the location of hotspots is very important for probabilistic forest fire susceptibility
analysis. Recent advances in remote sensing, GIS and computer technologies provided an opportunity to assess
and monitor the land cover changes in a near real time basis. NOAA AVHRR and MODIS satellite data with a
spatial resolution of 1.1 km at nadir was found to be extremely useful for national-scale assessment and
monitoring of major land cover types (Giri & Shrestha, 1996). Historical forest fire data were collected from
satellite remote sensing NOAA AVHRR 12 and NOAA 14 sensors for last 5 years. To assemble a database to
assess the surface area and number of hotspots in the study area, a total of 112 hotspots were mapped in a
mapped area of 616 km?. Fuel map were extracted from satellite imagery.

GIS data and ancillary data consist of biophysical and socio-economic variable is based on 1: 25,000 scale.
Contour, administrative boundaries, water resources, settlement, transportation infrastructure are based on the
topographic map from Survey Department (JUPEM). Forest fire reports have been collected from Forest
Department Peninsular Malaysia (JPSM). Hotspots prone areas, fire occurrence map, peat swamp map and soil
map were acquired from MACRES. Socio-economic data such as population data and socio-economic data were
obtained from Statistical Department. Meteorological data such as temperature and relative humidity and Fire
Danger Rating System (FDRS) map were obtained from Malaysian Meteorological Services Department. Image
processing was carried out using ERDAS Imagine 8.7 and PCI Geomatica 9.0.

The primary objective of this study is to make an automated procedure for detection of hotpot areas using
MODIS and NOAA satellite images and ultimately produce forest fire risk map. This map is indicated using the
Fire Susceptibility Index (FSI) produced during FSI computation. The overall processing flow that included the
MODIS data, and weather data for forest fire risk assessment is illustrated in Figure 2.
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Figure 2: Overall methodology and data flow diagram

4 Results and Discussion

Applied Geoinformatics for Society and Environment 2009 - Stuttgart University of Applied Sciences

One MODIS image is sufficient to cover the whole Peninsular Malaysia. However, fuel mapping of MODIS
would require a cloud free image which is rare in this region. A relatively cloud free image was selected for this
purpose. First, cloud masking was performed to analyze the cloud coverage of the image acquire on 14 August
2005. The result indicated that that the clouds could be visualized obviously after performing equalization
enhancement. The MODIS data which looked relatively cloud free with linear enhancement actually contained a
lot of thinner cloud. The cloud mask generated using a simple threshold algorithm indicated that the cloud
scattered randomly about 65.1% of this particular MODIS image.

The landcover map was extracted from MODIS image and is shown in Figure 3. It was observed that some of the
cloud areas could be classified using the DEM of the same areas. However, the land cover map produced using
MODIS data still has many null data.
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Figure 3: Land cover map produced using MODIS image

4.1 MODIS LST Retrieval

The MODIS LST retrieval utilized the split window method proposed by Mao et al. (2005). The simplified
algorithm requires only two parameters (transmittance and emissivity) and the accuracy of this algorithm is very
high. The main advantage of Mao’s algorithm is that the transmittance was obtained from the retrieval of water
content by near-infrared (NIR) bands of MODIS and this can make the computation of transmittance for every
pixel accurately. Mao assumed the pixels of MODIS are composed of three components (vegetation, soil, and
water) under 1 km scale of the thermal band at Nadir, which enables the use of empirical knowledge for
emissivity estimation (Please refer to Appendix II — Land Surface Temperature Retrieval for detailed
descriptions). The comparison between the results obtained using Mao’s algorithm and NASA level-2 LST
product is illustrated in Figure 4. It was observed that the LST values calculated were almost the same with those
in NASA’s LST product. Therefore it was concluded that Mao’s algorithm is able to provide an accurate
estimation of LST from MODIS data.
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Figure 4: Comparison between the results obtained using Mao’s algorithm and NASA level-2 LST product
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4.2 PW and RH Computation

Precipitable Water (PW) can be obtained from MODIS level-2 product MODOS. In this study, the PW was
computed from MODIS data using the NIR method. The parameters used in this method were adjusted to fit the
local condition. Subsequently, Relative Humidity (RH) computation was performed by integrating the computed
PW, weather data and DEM.

4.2.1 PW Computation

Previous studies indicated that water content of the atmosphere can be retrieved from NIR bands. In NIR
method, five MODIS NIR bands, 2 (0.865 um), 5 (1.24 pm), 17 (0.905 pm), 18 (0.936 pm) and 19 (0.940 pum)
were used for the PW computation. The two and three band ratio approaches were used to retrieve the water
content of the atmosphere. The three water content obtained from three ratio algorithms were then integrated
using weight functions. The result computed in this study was compared with the NASA PW product, MODO05
and is shown in Figure 5. It was observed that there was not much difference between the two. However, it is
important to note that cloud cover gives extreme values.

(a) NASA’s PW map (b) PW map in this study

Figure 5: Comparison of computed PW map and NASA’s product

4.2.2 RH Computation

RH computation in this study required computed PW map, DEM, weather data, i.e. temperature and pressure.
The weather data was collected from ground based weather stations and interpolation was performed on the data.
The DEM was used to adjust the interpolation result since the interpolation technique did not consider the
elevation factor which has significant influences on the weather data. Subsequently, humidity was estimated
from computed PW map using empirical model and RH was finally calculated by including the adjusted weather
data in the calculation. The computed result and the interpolated weather data is depicted in Figure 6.
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Figure 6: Interpolated weather data and computed RH

4.2.3 FMC Retrieval

FMC retrieval in our study can be segregated into two, i.e. live FMC (FMCL) and dry woody FMC (FMCD).
FMCL was estimated using spectral indices calculated from remote sensing image while FMCD was estimated
from weather data. Many indices have been used to evaluate its sensitivity to FMCL, i.e. Moisture Stress Index
(MSI), Normalized Difference Water Index (NDWI), Ratio of TM5 to TM7, Global Vegetation Moisture Index
(GVMI), Water Index (WI), Shortwave Infrared Water Stress Index (SIWSI) and NDVI/LST. Based on the
evaluations, it was observed that SIWSI could reflect the FMC efficiently. Nevertheless, FMCD was calculated
from RH and temperature using empirical model. The results computed for MODIS images are shown in Figure
7.

(a) FMCL of 25 August 2004 (b) FMCD of 29 August 2004
Figure 7: Estimation of live FMC and dry woody FMC

4.2.4 FSI Computation

The FSI model was utilized based on the method proposed by Dasgupta et al. (2006) which is based on the
physical variable of preignition heat energy. This model takes live fuel and dead/dry fuel into account to
compute FSI for FMCL and FMCD. The computed FSIL and FSID were then integrated to get the FSI of the
study area. In this model, two parameters were included to further refine the FSI computation. EVI and fuel map
were involved in FSI adjustment so that the adjusted FSI can reflect the true phenomenon based on local
parameters. The fire risk was finally analyzed based on the computed FSI and the fire risk map produced is
illustrated in Figure 8.
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Figure 8: Fire risk map with hotspot

The produced forest fire risk map was overlaid with hotspots collected from ASMC for accuracy assessment.
Figure 8 shows that most of the hotspots fall on the high risk areas, where FSI was greater than 20. No/low risk
areas were identified as urban areas and dense forests.

5 Conclusion

In this study, various remote sensing data have been utilized to generate various parameters that are essential for
forest fire management. The successfully derived parameters are Fuel Map, Land Surface Temperature (LST),
Relative Humidity (RH) and Fuel Moisture Content (FMC). These parameters can be integrated with weather
data to calculate Fire Susceptibility Index (FSI) which can provide useful information on forest fire risk.

Besides that, this study has also successfully combined two major parameters, remote sensing derived parameters
and weather information for forest fire risk assessment. The final product, i.e. FSI, has combination of remote
sensing based measurement (FMC, LST) and weather data (T, RH) for forest fire risk assessment. The results
suggests that these two data can compensate each other to achieve better results especially in tropical region
where cloud cover causes a problem for optical remote sensing data. The integrated product is believed to be able
to provide greater spatial sensitivity and better accuracy.

The process of input data, and computation of intermediate products were processed in ERDAS IMAGINE and
ArcGIS software and the generated output can be readily understood. The large amount of data can be processed
in the GIS environment quickly and easily. Moreover, it is hard to process the large amount of data in the
statistical package. Recently, forest fire susceptibility mapping has shown a great deal of importance for haze
detection and fire prevention in forest area. The results shown in this paper can help the concerned authorities for
forest fire management and mitigation. However, one must be careful while using the models for specific
mitigation. This is because of the scale of the analysis where other forest fire related factors need to be
considered. Therefore, the models used in the study are valid for awareness so that necessary prevention
measures can be taken during the time of forest fire. In this paper, Forest fire susceptibility map was developed
to determine the level of severity of forest fire hazard zones in terms of mapping susceptibility to fire by
assessing the relative importance between fire factors and the location of fire ignition
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ABSTRACT

Since about 1990 image matching is playing a major role in digital photogrammetry. Current tools of image
matching allow the generation of high quality point clouds for Digital Terrain Models (DTM) and Surface
Models (DSM), which is challenging the established Airborne Laser Scanning (ALS) technology. The imagery
provides a much higher planimetric resolution and can provide much denser point clouds. Still the problems of
vegetation and the problems of occlusions in urban areas, like also in ALS, need to be addressed.

The new technolgy of multi-image matching and DSM generation exploits the high quality image data and high
overlap when imaging with modern digital cameras:

Results on the highly demanding DSM generation in an open pit coal mine are presented and the potential for
high quality change detection discussed.

Similarities between filtering point clouds from image matching and that of ALS are analysed. RGB and NIR
channels of digital cameras are used to improve the classification of point clouds.

Finally an application using stereo satellite data demonstrates the potential for automated DSM generation in
regions, where no aerial flights are available.
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ABSTRACT

Flood monitoring over a large area for short time period using Remote Sensing (RS) and Geographical
Information System (GIS) technology by disaster relief authorities have become a significant operation in the
world. In this paper, an Operating Procedure (OP) for mapping flood extent and assessing flood damages have
been developed which can be served as a guideline for RS and GIS operations to improve the efficiency of flood
disaster monitoring and management in tropical countries like Malaysia. The flood monitoring system was
developed using RADARSAT images, with its exclusive cloud penetration capability coupling with various flood
disaster related parameters. For rapid capturing of food extent and assessing flood damage during and after
Sflooding events, an efficient Flood Inundation Model was developed in GIS. This model integrates many types of
data and multiple geo-processing tools that can automate the processes in an efficient manner. It is able to
quickly determine and report the extent of flooding and the land use types under water during flooding events as
well as the number of people affected in the affected built-up areas. The derived results from the whole process
will provide very essential and valuable information for immediate response and assess flood, disaster relief, and
damage caused by future occurring floods.

1 Introduction

Kelantan is a flood-prone state with the State’s total land areas of 15,000 sq.km. The frequency of flood
occurrence in Kelantan almost every year has claimed more lives and caused more property damage as well as
affected a wide range of environmental factors and activities related to agriculture, vegetation, wild life and
local economies. The flooding affects the flat coastal plains of Kelantan River which normally occurs during the
north-east monsoon period between October and January. This monsoon season causes a lot of clouds with
heavy rains to be present at the flood prone areas. Due to this reason, RADARSAT SAR images, with its
exclusive cloud penetration capability have been used at the Malaysian Centre for Remote Sensing (MACRES)
for the past few years for flood monitoring.

In this age of modern technology, the integration of information derived from Geographical Information Systems
(GIS) and Remote Sensing (RS) with other datasets - both in spatial and non-spatial formats provides
tremendous potential for identification, monitoring and assessment of flood disasters (Pradhan et al., 2009;
Pradhan, 2009; Pradhan and Shafie, 2009; Jeyaseelan, 1999). MACRES Airborne Remote Sensing (MARS)
programme is a research and development programme which focuses on the utilization of SAR sensor and
hyperspectral sensor for remote sensing applications in Malaysia. In this programme, the Flood Module which is
a component under the Disaster Management module is conducting various researches on the capabilities of RS
and GIS technology in flood mapping. This paper describes the Operating Procedure (OP) and the Flood
Inundation Model creation for mapping the flooded areas using RADARSAT SAR images acquired in the year
2003 and estimating the flood damage, i.e. land use types under water during flooding events and the number of
people affected in the affected built-up areas, which is useful information for disaster response and mitigation.

1.1 Study area

The northern part of Kelantan state, east coast of Peninsular Malaysia was selected as a study area as this state is
threatened with flood that normally occurs during the north-east monsoon period between October and January.
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The specific area which covers seven districts (3242 km2) comprises of flat and generally low-lying coastal
plains as well as heavily populated and economically important to the state. The location of the study area is
shown in Figure 1.

Figure 1: Location of the study area

1.2 The System Components

The Flood Forecasting System consists of both remote sensing and GIS based modelling and hydrological
components. The system is based on the River Flow Forecasting System (RFFS) which was developed by the
Centre for Ecology and Hydrology (CEH). The Module offers powerful and comprehensive facilities that
integrate sophisticated hydrological and hydrodynamic modeling with real-time decision support and control.
The calibration (process of adjusting parameters) and verification of the Flood Forecasting model was carried out
with daily rainfall and historical flow data to make it suitable representative of the Kelantan river basin. Ideally,
it is recommended to use hourly processed rainfall data for calibration. An initial calibration results have been
presented by considering the quality of the input data used in the calibration. However, calibration can be
regularly improved by using hourly historical data for rainfall, flows and water levels from all telemetry stations
in the Kelantan River Basin. It is strongly recommended that the calibration be upgraded by using those data.
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Figure 2: Overall flood forecasting model data flow diagram

2 Data and methodology

2.1 Data Used

Both visible and SAR satellite images which were used as primary data source in this study are LANDSAT
ETM, SPOT, and RADARSAT SAR images. The LANDSAT ETM image was used as reference image to geo-
reference the RADARSAT images. Multi temporal RADARSAT images of 1998, acquired before, during and
after floods were processed to extract the water body information. In this study, the Wide 2 beam mode of
RADARSAT SAR image dated 6 December 2003 captured before the flood in Kelantan was used to extract the
normal water extent while the Standard 6 beam mode of RADARSAT SAR image dated 14 December 2003
captured during the peak flood in Kelantan was used to extract the flooded areas. The SPOT V images were
mosaicked and used to extract and classify the built-up areas for the flood-affected population estimation. Other
data sources used for the study are: vector data including population 2000, land use, administrative boundaries,
river, contour, spot heights and DEM.
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2.2 Methodology

In this study the ERDAS Imagine v8.7 software was used to process the SAR images and the ArcGIS 9.0
software was used to perform GIS spatial analysis and models development. The eCognition software was used
to classify the built-up areas and land use classes.

2.2.1 Image Processing

Noise or speckle normally degrades the quality of SAR imagery. In this study, the Gamma-Map filter was chosen
to remove speckle while preserving the contrast of the water body, so that flood information can be extracted
from the enhanced images. The filtered SAR images were then geometrically corrected and registered to the
LANDSAT ETM image as the reference image and to the Malaysian Rectified Skew Orthomorphic (RSO)
projection. Registration of SAR images proves to be the most time consuming and difficult, especially the
ground control point (GCP) collection on various time series SAR images. However, the time required to register
the image can be significantly improved by using a set of common well-identified GCP and a geo-referenced
SAR image. These data can then be used for image-to-image registration of any new SAR image in future.

2.2.2 Threshold Value Determination

The water extent extraction of the processed SAR image was carried out using the threshold method (Liu Zhaoli
et. al., 1999; Yang Cunjian et. al., 1998). The threshold value, K was identified using the histograms of the SAR
images. The histogram of SAR images normally has two peak regions, low gray values of one peak region
reflecting the water extent (e.g. 6 to 22 grey values), while the other peak region has high gray values showing
the non-water extent (e.g. 22 to 252 gray values). Therefore, the intersection grey value of this two peak regions
was the threshold value, 22 (figure 3).

DN < K is water extent
DN 2 K is non-water extent

Where DN represents the grey value in SAR image; K is threshold value.
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Figure 3: The histogram of SAR image and the threshold value is 22

2.2.3 Model Development

For rapidly extracting the flooded areas from SAR image and assessing the extent of damage, we developed a
flood model using ModelBuilder in the ArcGIS software. The ModelBuilder window provides a graphical
environment for model development, allowing user to create model diagram like a flowchart (McCoy, 2004).
The flood model comprises three stages of processes, i.e. the flooded areas extraction, the assessment of
inundated land use types and the number of people affected in flooded areas. Preparing data is an initial step to
provide the essential input to the model and these input files are district boundary, mountain shadow extent,
normal water extent, land use classes, built-up areas, mukim boundary and population density. The whole
process of the flood model workflow is illustrated in figure 4.
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Figure 4: The flow of the flooded area extraction and flood damage estimation

2.2.4 Flooded Areas Extraction

The main input data for the flooded areas extraction includes the normal water extent, mountain shadow, and
district boundary. The processed SAR image as an input file to the model was performed using threshold value,
K to extract the water extent. The extracted water extent was then masked based on the district boundary to
remove the unwanted areas. However, the masked water extent still included the shadow of mountains and the
normal water extent (Cunjian et. al., 1999), so it must be removed from the water extent before the real flooded
areas were identified. This shadow reduction was performed based on the mountain shadow mask delineated
from mountain area especially in southern part of the study area, while the flooded areas was derived by
subtracting the normal water extent. Then the result was converted to vector format to identify and calculate the
real flooded areas by district boundary. Finally, the results were overlaid with district boundary, and normal
water extent for flooded areas map production.

5(a) 5(b)

Figure 5 (a): RADARSAT SAR image dated 06 December 2003 for normal water extraction (before
flood); Figure 5 (b): RADARSAT SAR image dated 14 December 2003 (during flood)

Based on the figure 5 (a), it was observed that most of the area of an SAR image acquired on December 6, 2003,
before the start of the rainy season has not been inundated. In contrast, Figure 5 (b) shows a SAR image of the

Applied Geoinformatics for Society and Environment 2009 - Stuttgart University of Applied Sciences 67



Biswajeet Pradhan

same area acquired on December 14, 2003 during the peak of the flood where the flooded area (dark areas) was
clearly discriminated from the non-inundated areas in the SAR image.

2.2.5 Flood Damage Assessment

When the flooded areas are identified, this information was combined with the population density data and land
use data in order to assess and estimate the number of people in the affected built-up areas and land use types of
the damaged areas. Built-up areas are not only centres of human activities but also make up the main portion of
human properties that play a vital role in the flood damage assessment. The population information received
from statistical department was used to estimate the number of people at the flooded areas. However, this census
data just states the number of people registered in zone, sub-district and district basis, but does not reveal real
spatial distribution of population. It is unrealistic to say that population density is uniform through out a given
zone as the inhabited area could be a portion of the total land area of a district.

For assessment of the affected built-up areas in this study, an advanced segmentation technique, the eCognition
software (Baatz, et. al., 2004), which follows an object-oriented concept, was initially used to extract and classify
the land cover information (Water, Built-up areas, and others) from the pan-sharpened SPOT V satellite images
which have a resolution of 2.5 m. Based on the extracted built-up areas, the population value is weighty
distributed in the spatially built-up areas in order to obtain the population density in different mukim. This
population density information was eventually used to calculate the number of people in the affected built-up
areas during the flood event. Finally, the SPOT V satellite images were overlaid with the flooded areas vector to
visualize exactly which built-up areas were flooded. In this study, the classification of land use map from the
Landsat ETM image was performed using eCognition software. Ten classes of land use were classified including
urban, lake, river, forest, mangrove, coconut, mixed horticulture, oil palm, paddy and rubber (Figure 7). This
land use map was converted into vector format and overlaid with flooded areas to identify and calculate the
amount of flood damage per land use class by districts as well as generate the land use inundated area map.

Figure 6: The classified built-up areas from Figure 7: The classified land use map from
SPOT V satellite images in dark Landsat ETM

3 Results and Discussion

In this study, a rapid and efficient Flood Inundation Model was developed using ModelBuilder in the ArcGIS
software (Figure 8). This semi-automatic model was divided into three parts and consisted of variety processes.
The first part of the model is to calculate the flooded areas and map it by district boundary. The second stage is
the assessment of damage of flood including identification of the number of people affected in built-up areas and
followed by the estimation of land use inundated areas.

68 Photogrammetry, Earth Observation Systems, Information Extraction



Effective Flood Monitoring System Using GIT Tools and Remote Sensing Data

Flood Inundation Model

'
Inundated land use areas |
estimation '

Figure 8: This model calculates and maps the flooded areas extracted from SAR images and overlaid with the
population density data to estimate the number of people affected in built areas by flood and followed by
assessing the damage of land use inundated area.

The RADARSAT images show a clear distinction between water and land due to a higher incidence angle.
Therefore, it is easy to detect the flooded area by simply applying a threshold (Chen et. al., 1999). Figure 9(b)
depicts the extracted flooded areas from SAR images where non-flooded areas are shown in grey tones, normal
water in light blue and flooded areas in red. The final flooded area in district boundary was converted into vector
format and overlaid with the normal water for the flooded areas map generation.

9 (a)

Figure 9 (a): The normal water extent overlaid with the SAR image; Figure 9 (b): The extracted flooded areas
from SAR image on 14 December 2003

The identification of the population distribution according to the built-up areas affected by flood is shown in
Figure 10. This population in flooded areas was estimated by using the population density by sum of the flooded
areas by district zone. Then, the number of people affected by flood can be calculated. The other result from the
model was the assessment of the land use inundated areas. By superimposing the extracted flooded areas on the
land use map (2001), ten different land use inundated areas by flood by district dated on 14 December 2003 was
calculated. Figure 11 displays the inundated land use areas that zoom in for Kota Bharu, Pasir Mas and Tumpat.
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Figure 10: The affected built-up areas by flood Figure 11: Different inundated land use areas by
flood

4 Conclusion

Flood monitoring from satellite data proved to provide the opportunity to quickly and precisely overview flooded
areas. In this study, through the integration RS and GIS technology, the timely and detailed situation information
are required by the authorities to locate and identify the affected flooded areas and to implement corresponding
damage monitoring and mitigation can be achieved. It was concluded that the created Flood Inundation Model
was very useful and fast to extract the flooded areas from SAR images by applying threshold method. With the
previously delineated shadow mask, the model is capable of reducing the effect of shadows in radar images. The
derived flooded areas map was then overlaid with the population density data and land use map for flood damage
estimation. It was found that this method only requires processed SAR image with threshold value and several
input data and the processing time for the whole process just required several minutes. As a result, this model is
capable of providing fast and accurate information on floods, i.e. flooded areas map, built-up areas affected by
flood map and inundated land use areas map when the flooded SAR scene is provided in future flood
occurrences.
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ABSTRACT

During the last years, ways and means to obtain digital Orthophoto mosaics have become more varied in Ghana.
Whereas former specifications tried to get a perfect product by specifying the input like flying height, photo
quality, camera properties, Digital Terrain Model (DTM) spacing and many other input parameters, these
specifications and performance requirements change the view to an output oriented approach where only the
quality of the desired final product is specified, while the way to produce it is left to the technical skills and the
economic assessment of the contractors. The Government of Ghana has received a credit from the Nordic
Development Fund toward the cost of Land Administration Project and has offered to apply part of the proceeds
of this credit to payments under the Contract for the Provision of Orthophoto Maps in Colour for Various Parts
of Ghana (IFB No. NoCB MLFM/LAP 1/SD/06/01). The Services are the Provision of Digital Orthophoto Maps
in Colour for Land Use Planning and Management under the Land Administration Project (LAP). This project is
being undertaken by RUDAN Engineering Limited and FINNMAP International, to be abbreviated FR, in
collaboration with Survey Department (SD), LAP Unit (LAPU) as well as the Ministry of Lands and Natural
Resources (formerly called Ministry of Lands, Forestry and Mines — MLFM). This presentation will capture any
known previous work and the current state of the project with respect to the methodologies being used,
challenges and some conclusions and recommendations.

1 Introduction

1.1 Background

The Government of Ghana through the Ministry of Lands, Forestry and Mines (MLFM) now called Ministry of
Lands and Natural Resources (MLNR) and with the support from some Developing Partners, namely;
International Development Association (IDA), Department for International Development (DFID), Nordic
Development Fund (NDF), Kreditanstalt fur Wiederaufbau (KfW), German Technical Cooperation (GTZ) and
Canadian International Development Agency (CIDA) is implementing the first phase of the three phased Land
Administration Project (LAPU, 2009). The project seeks to address key issues identified in the National Land
Policy document which include inadequate policy and regulatory framework, weak land administration system
both customary and public, indeterminate boundaries of customary lands, multiplicity of land disputes which
have choked the court system, general indiscipline in land use disposition and development. The provision of
Orthophoto maps in colour for Land Use Planning and Management falls under the third component of the four
components of Phase 1 of the Land Administration Project in Ghana (LARBI, 2008). The advantages of digital
ortho images and terrain models over conventional maps (line or vector maps): much higher visual information
content, faster production and lower cost has made Land Use Planners and Management approach to planning
more associated with the use of orthophoto maps. This approach is often good to meet time constraints in such
projects and where necessary further work could be done for the production of vector maps. During the last
years, ways and means to obtain digital orthophoto mosaics have become more varied. Whereas former
specifications tried to get a perfect product by specifying the input like flying height, photo quality, camera
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properties, DTM spacing and many other input parameters, these specifications and performance requirements
change the view to an output oriented approach where only the quality of the desired final product is specified,
while the way to produce it is left to the technical skills and the economic assessment of FR. This paper generally
discusses the objective and specification requirement, methodology, challenges and makes some conclusions and
recommendations.

1.2 Objective and Specification Requirement

This section elaborates requirements as specified in the Request For Proposal (RFP). It covers photo qualities,
Aerial Triangulation (AT), Digital Terrain Model (DTM), Orthophoto qualities as well as deliverables.

1.2.1 Photo Qualities Required
= To obtain colour orthophotos for the target scale 1:2500, the Service Provider is to choose a flying
altitude and focal distance of his camera so as to achieve a 20 cm ground sample distance (GSD,
formerly called pixel size).
=  With a view to the special weather conditions in Ghana, a priority list of areas to fly first was set up by
the Employer. Generally, existing and sufficiently recent satellite images or not outdated topographical
maps were given the Consultant (FR) by the Employer to enable detailed planning of missions with
regard to urban centres and settled areas as well as to corridors, at the target scale of 1:2500.
=  The pictures are to be free of clouds or smoke, but 5% is allowed. Very dark and long sunshades are not
acceptable. The Employer is to inspect all these characteristics visually before accepting the aerial
photography and issuing the order to proceed.
=  Raw data/material to be delivered for inspection include:
0 the original film, or the raw data in GeoTIFF or TIFF, in case of digital photography
0 one set of contact prints in case of analogue photography or one set of prints in approximate
scale of 1:10000 in case of digital photography
0 the flight index in digital format (ArcGIS), from which the necessary overlap (60 % forward
and 20 - 30 % side lap) can be controlled.
= Because the Employer may desire to produce digital line maps later on, he must be able to view the
stereo-images 3D in a digital photogrammetric plotter and to use the orientation results from aerial
triangulation.
= The Employer may choose to use for orthophoto production only a part of the aerial photography flown
and to be content with the raw materials for the other parts.

1.2.2 Aerial Triangulation

= All co-ordinates are to be in the new National Geodetic Reference System (GRN). The Employer
expects Survey Department (SD) to place at least one survey pillar apt for GPS observation within a
maximum distance of 10 km to each orthophoto block. The height given for this point is to be the
reference height for the block.

= The Service Provider is to decide on how to achieve acceptable results from aerial triangulation, which
is expressed for each block in a mean square error (or error ellipse) of the control points and of the
positional precision of a minimum of 4 (four) other points observed on the ground, but not used for
aerial triangulation. A report is to be delivered in which it is to be proven that the obtained accuracy
guarantees the required final positional and height accuracy of the final product. Then, the Employer is
to issue an order to proceed.

= The Service Provider is to place 2 (two) survey pillars according to SD specifications in the
neighbourhood of 2 of the 4 points mentioned above and determine their co-ordinates (in the GRN) by
GPS.

1.2.3 Digital Terrain Model

The DTM is generated in a manner and density as to guarantee the positional accuracy defined below, and to
allow drawing 2-m contour lines in areas not densely built-up. In densely built-up areas spot heights with an
accuracy of +/- 30 cm is to be placed on roads and other free spaces.

1.2.4 Orthophoto Qualities Required
The Employer is to check the final quality of the orthophoto rigorously:

= A perfect geometric and radiometric matching is to be visually checked on-screen,
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=  The positional accuracy on the orthophoto is to be controlled applying a field check (using differential
GPS) of well-defined points in strategic and critical positions, like on slopes. For target scale 1:2500 the
following maximum error margins are allowed:
O The limit for absolute accuracy is 4 times GSD (80 cm), across a map sheet (40 by 80 cm).
O The limit for relative accuracy is 2 times GSD (40 cm) between two neighbouring well-defined
points.

1.2.5 Deliveries
The following deliveries are required:

= digital flight index, target scale 1:50000, three times printed and as a file

= co-ordinates of ground control points and of new survey pillars (including a description) in the GRN
system, also indicating the method with which they were measured, as a file and 3 times printed text

= 3D co-ordinates of all DTM points and breaklines in GRN system, as a file in ArcGIS

= alayer with 2m contour lines and spot heights to be super-imposed on the orthophoto map sheets, as a
file in ArcGIS

= alayer for location, street and place names; the information for this is to be collected authoritatively by
TCPD and/or Survey Department

= index map for each block to indicate the map sheet pattern, in a scale fit to be printed in A1 format, with
the orthophoto-mosaic as a background, three (3) sets of prints and as a file

= TIFF file for each orthophoto-mosaic of a block and for each single orthophoto map sheet

= three (3) sets of colour prints of each orthophoto map, with contour overlay, neglecting those with less
than 10% content.

= to save costs, further printing of these deliveries (including the orthophoto sheets) might be done at the
Employer's premises, but a certain quantity in addition to the quantities specified herein (later to be
fixed in the contract) could be ordered. Therefore, a quantity-related unit price for prints of the
orthophoto map sheets with contour overlay only has to be part of the financial offer.

2 Previous Work

A catalogue of orthophotos as well as aerial photographs for the entire coastline of Ghana has been available
since 2008. The product was launched by the then Minister of Tourism (Ghana News Agency, 2008).

3 Methodology, Equipment and Software

The entire photogrammetric production in FR is based on the photogrammetric production line of Inpho GmbH,
Stuttgart Germany. The production line, beginning from AT till time of printing, consists of the following
software modules:

ApplicationsMaster 5.1
Match-AT 5.1

Match-T 5.1

DTMaster 5.1

= OrthoMaster 5.1

= OrthoVista 4.3

= OrthoVista Seamline Editor 4.3

Other software modules are started and mastered by ApplicationsMaster, but OrthoVista and OrthoVista
Seamline Editor are still standalone products. Each work phase with methodology and software descriptions are
described below in their own sub-sections.

3.1 Pre-Marking of Ground Control Points

The positions of the ground control points were determined from the flight diagram for each block obtained from
the flying company. To locate the position of each point on the ground, all the coordinates of the chosen points
were determined and converted into values in the World Geodetic System (WGS84) so that they could be located
on the ground by Navigational GPS. The points were located on the ground and the signal was built into the
ground in concrete placed in situ according to specification in the bid document.
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The coordinates of the control points were extracted from the digital copy of National topographic map sheets of
scale 1: 50,000, covering the project area. The coordinates were keyed in the Navigational GPS, which acts as a
pathfinder to help locate the approximate positions of the points on the ground. The immediate surround of
points to about 10m radii were cleared of weeds and other obstructions and pre-marked with concrete pillars and
flagged for easy identification on the photographs. These points were numbered using the Regional Numbering
System stated in the contract. The scaled WGS84 coordinates of the points selected on the topographic sheets
were tracked and located on the ground using the Navigational GPS. Besides the Navigational GPS, features
such as streams, hills, valleys, tracks and footpaths were some of the landmarks used to facilitate the
identification of the control points from the digital topographic sheets. Concrete in-situ pillars (9”x 97x 277)
were constructed at the center of the arranged legs. The three-leg beacon size was adopted. Each leg is 1.6m x
0.4m. To avoid canopy cover, trees and weeds within some distance around the points were cleared. The diagram
below illustrates the arrangement of legs of the Pre-marked points (see Figure 1 & Figure 2).

X
0.4m
X
1 4
1.6m
i
Figure 1: Schematic diagram of pre-mark point Figure 2: Actual pre-mark point in Prampram

block. Area View of point inserted.

3.2 Ground Control Survey

In this project it is mentioned that:

“All co-ordinates shall be in the new National Geodetic Reference System (GRN). The Employer will order
Survey Department (SD) to place at least one survey pillar apt for GPS observation within a maximum distance
of 10 km to each orthophoto block. The height given for this point shall be the reference height for the block.”

The Global Positioning System (GPS) survey for providing the required ground control network for the aerial
photography blocks in the new national system started immediately GRN Phase one project report was received.
The main objectives of the new GRN are to establish Geocentric Reference Network which include four (4)
permanent stations and seventeen (17) other stations in and around the Golden Triangle of Ghana, provide
Transformation parameters, and provide at least a fundamental station in Ghana that will serve both as an
International GNSS Service (IGS) station as well as a station for the African Reference Frame Station (AFREF)
(Poku-Gyamfi, 2008). The GRN Phase 1 was carried out in collaboration with the Institute of Geodesy and
Navigation of the University FAF — Munich of Germany, SD of the MLFM under the LAP.

The new system and official transformation parameters were officially released in October 2008 (public
announcement in Ghanaian Times newspaper on October 14 2008). In the announcement it was mentioned that
the new system, GRN was adopted from January 1 2009. However, there still persists a serious problem, because
these transformation parameters are to be used only inside the “Golden Triangle”, i.e. area inside the triangle
formed by Kumasi, Accra and Takoradi. More than half of the LAP Orthophoto blocks are outside of this area.

The current old imperial system of geodetic network being replaced by the new GRN is a mixture of
triangulation points established during the early 1900’s through the establishment of control for the topographic
mapping of the whole country in 1974 (Dotse, 2008).
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3.2.1 GPS Measurement

Sokkia Radian Dual Frequency Global Positioning System was used to provide the x, y, and z coordinates of the
entire controls forming the network for the towns.

3.2.2 Testing of existing Ground Control Points

Two GRN pillars were located in the respective project block area. These pillars were tested for reliability.
Pillars were measured from each other to check their coordinates from each other. The result obtained in one of
the block area was a difference of -0.541m in Northing(Y)-coordinate and -0.166m in the Easting(X) -
coordinate.

3.2.3 Testing of Base Control Points

To ensure reliable and higher accuracy in the coordinates, observation was carried out using two base and two
rover stations forming a triangular network of observations at each rover station. This resulted in two sets of
coordinates for a point and ensured that gross error in fixing a point can be easily identified and rectified. The
diagram below gives an illustration of the arrangement carried out for the measurement.

Base 2 Base 1

Rover 2 O < Q Rover 1

Figure 3 : Base and Rover stations

3.2.4 Observation Planning

Spectrum Survey Planning Module (software), a pre-survey tool was used to determine the most appropriate date
and time to collect GPS data. Variety of satellite graphs indicating satellite visibility and geometry were
generated and analyzed to determine adequacy of satellite coverage.

The Satellite Elevation graph plots the elevation of the satellite versus time. The elevation mask of 10° is
represented at the bottom of the graph. This helped in the choice of location of points for less canopy cover.

Although weather conditions have no direct influence on data collected during observation, the planning was
scheduled such that rainy and stormy conditions were avoided during the observation. Strong windy conditions
could affect the stability of the GPS antenna thereby affecting readings being taken during measurement.

3.25 Network Design

A well-structured network was designed comprising the existing controls in the project area and those fixed with
the navigational GPS. Each solution point was observed and processed from one of the known control points.
Solution points were carefully chosen for adequate view of satellite and to avoid canopy cover. Reflective
surfaces such as metal structures were avoided to prevent multipath error although the post processing software
corrects it. This is radio interference caused by satellite signals that have traveled different paths to reach the
receiver. Observation times were scheduled such that enough overlap of time is realized between base stations
and corresponding rover stations.

3.2.6 Observation and Processing Parameters
The following parameters were set or ensured before and during observation to obtain a good quality:

= Geometric Dilution of Precision (GDOP): Not greater than 4
= (Observation time at a station: Not less than 30 minutes
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= Elevation mask set for observation: +10°. (This was to model terrain obstruction since points selected
were free of buildings, trees and mountains.)
=  Minimum log satellites before recording of epochs: 4

The Elevation Mask of 10° was set to clear obstacles around the antenna for optimum tracking of satellites.
Points were also chosen to be clear of buildings, mountains, trees and other features.

The following parameters were set during processing of the data collected to ensure accurate results:
Troposphere correction: Measured, lonosphere correction: On, Ambiguity resolution: Search, Rejection
criteria: 3 X rms, Epoch period: Begin to End

3.2.7 GPS Data Processing

Spectrum Survey Version 3.5 GPS post-processing software was used to find the unknown coordinates of the
survey points by differentially processing data concurrently collected by the four GPS receivers. Carrier phase
difference techniques were applied to the GPS observable acquired at different positions. Differential processing
started by establishing a baseline vector between two survey points on which the GPS receivers acquired data
simultaneously. The software automatically generated these baselines by comparing overlapping epochs from the
receiver data collected on each point. One end of the baseline was held as fixed, and relative positioning was
used to solve the coordinates for the other end.

3.3 Aerial Photography

3.3.1 Preparations

Ghana has two main Flying-Window (FW) often used for aerial photography namely February-April Window
(FAW) and August-December Window (ADW). Despite this, the specifics for each year are depended on the
forecasts of the Department of Ghana Meteorological Services. Like in this project, it has been quite difficult
getting a good weather. Two main airports at Kumasi and Accra are being used for the photography. An average
photo scale of 1 in 10 000 was chosen to achieve the 1: 2500 scale required.

3.3.2 Mapping Areas and Flight planning
Sixty-four (64) blocks amounting to fifteen thousand (15 000) square kilometers are being flown. These blocks
cover various parts of Ghana.

3.3.3 Equipment

The equipment used for aerial photography in this project comprises Piper Aztec PA-23-250, Rockwell
International 690B, two Leica RC30 aerial survey cameras with 153 mm focal length lens cone 15/4 UAGA-S,
two Tracker Navigation Systems, and two Javad LGGD dual frequency receivers.

3.4 Film Processing and Photo Products

3.4.1 Equipment and Material used

All laboratory work is being done in aerial photo laboratory in Bangkok, Thailand. The laboratory is equipped
with modern automatic processors both for development of film and production of photo prints and diapositives.

The equipment and material used in the project comprises Kodak Aerocolor III 2444 colour negative film, Hope
Color, automatic film processor as developing machine, Spek 25 dodging printers such as ZBE Chromira.

3.5 Scanning

3.5.1 Equipment

Two units of Vexcel UltraScan 5000 photogrammetric precise scanners are available for the project. Both
scanners are equipped with automatic roll winder. Before scanning, each of the film rolls are cleaned with
SCANATRON CLEAN-1000 professional aerial film cleaner. The film cleaner CLEAN-1000 has been specially
designed for a very high efficient removal of dust and particles and neutralization of electrostatic charges from
all types of films. The assembled film is passing first a pair of smooth cleaning rollers and after a pair of accurate
ionizer bars with an integrated air-knife. The cleaning rollers remove most of particles and dust. After the
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neutralization of electrostatic charges with the ionizer bars, the air-knife blows off any remaining dust. Applying
this kind of cleaning and electrostatic neutralization before scanning a film, results to digital imagery as free of
dust as possible.

3.6 Aerial Triangulation

3.6.1 Software

The software used for aerial triangulation of all photography blocks is Match-AT by Inpho GmbH, Stuttgart,
Germany. In the software package a bundle block adjustment program is integrated which is based on the world
famous Pat-B block adjustment program. BINGO 5.6 bundle block adjustment software is available in FR for
further analysis of the adjustment.

3.7 Digital Elevation Model

3.7.1 Equipment and Software

As the project is big the editing of Digital Elevation Model (DEM) is very laborious, a lot of capacity for this
work phase has been reserved. The method is a mixture of newest digital technology and a little bit more
traditional technology such as use of SD2000. Fully digital method includes automatic DEM extraction based on
image correlation, and DTM editing and additional breakline digitizing with stereo softcopy plotters. The more
traditional method consists of digitizing breaklines and spot height with analytical stereo plotters like SD2000.
Which method is used, depends on the nature of the terrain. Digital method is faster in a more open terrain with
sparse vegetation and housing and in areas with very dense vegetation or in densely built up urban areas
analytical method is more feasible.

Below are listed the equipment and software used in the project:

=  Analytical plotters: Leica SD2000 analytical plotter, 5 units available

=  Automatic DEM extracting: Match-T software by Inpho GmbH, 3 licences available

= Digital DEM editing: DTMaster software by Inpho GmbH, 12 licences available
=  Data compilation: Autodesk Map 2007, several licences available

3.8 Orthorectification and Mosaicing

3.8.1 Software

For orthorectification and mosaicing OrthoMaster (Inpho GmbH, 3 licences), OrthoVista by Stellacore Corp (3
licences), and OrthoVista Seamline Editor (6 licences) have been used.

3.9 Contour Generation

3.9.1 Software and Methodology

Contours with 2 meter intervals are generated using the newly produced DTM and break lines collected in DTM
editing process. It is important to include the break lines in contour generation for accurate and detailed contour
presentation. The most important break lines are those representing hydrology (streams, rivers, shorelines etc.).
Depression contours are represented by appropriate symbols. Collection of spot elevations to be shown on the
final maps is done with outmost care. It’s important that the elevations showing the lowest and highest points in
valleys and mountains are carefully selected by elevation, not just by placing them in the middle of area limited
by lowest/highest contour line. This kind of height analysis is done using for example ArcView software. Same
approach as analyzing spot heights are used in detecting and classifying depression contours.

3.10 Mapsheet Size and Printing
The dimension for the map sheet is one kilometer by two kilometers (1km by 2km). The printing of the map

sheet is being done using an appropriate plotter for production considering the size and huge number of sheets to
be produced.
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The final maps are to have a layer for location; street and place names (see 1.2.5 above). The writer believes that
the little observation so far suggest that it is more appropriate to have included such an exercise in the entire
project. This is because the FR team is already in the field and could have used the opportunity to collect street
and place names. TCPD and or SD could still check the quality authoritatively. As of the time of writing this
paper, FR has to submit maps (orthophoto maps with contour overlay) for street and place names to be collected
by another before it comes back for final printing. In effect, two teams would have visited the areas twice.

4 Challenges and Intended Solutions

Two aspects should be mentioned:

The new National GRN project completion. Ground control surveys of the project area (equalling to
approx. 10,000 sqgkm) is carried out now, but most of them are not yet connected to the new national
grid system GRN due to missing base points that should have been provided by the Survey Department.
The main concern of FR is the areas / blocks outside of the “Golden Triangle.” As a solution, the
Employer is making preparations to complete the GRN project for the entire country to make sure the
FR team gets access to the base points.

Unfavourable weather conditions. As mentioned, the weather has been really unfavourable for aerial
photography during the period February, March, April and May; September and October 2008, when
the flight crew was on stand-by in Ghana. This is however an issue that is beyond any human action.
The main thing is that the FR teams are ever ready to utilize any clear skies coming over Ghana.

5 Conclusions and Recommendations

The following are some conclusions and recommendations

The total area of the project is fifteen thousand square kilometers (15 000 sq. km).

This project is undertaken by FR, in collaboration with SD, LAPU as well as the MLFM.

The use of Digital Workstations is faster than using analytical plotters such as SD2000 for DTM
generation. However, for a highly dense area the analytical plotters are often useful.

It is recommended that in future works field completion (checking names and features) services in such
a big project be given to same team instead of launching different bid for it.

It is recommended that funding should be found for the production of aerial photographs, orthophoto
maps as well as vector maps for the entire country.

It is recommended that local and international partnership be encouraged in Ghana to enhance
information sharing in this so-called global village.

It is recommended that a complete online geospatial portal for the entire country is established for data
availability on time.

The project is still ongoing at the time of writing this paper.
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ABSTRACT

Global image covery and virtual 3D globes are booming. The two companies Microsoft and Google are
competing in presenting the biggest and most actual database of satellite, aerial and streetside images. As it is
inevitable to use images from different sources for these kinds of projects, the topic multisensory image fusion
becomes more important. The color and radiometry of images is besides the geometrical fusion one essential
subject in the matter of image fusion technologies. The main interest is to get well balanced image mosaics out of
different kind of images without seeing any color shifts or problems.

This paper focuses on the radiometric sensor fusion and presents possibilities for creating ICC profiles for input
devices as digital cameras. Methods for adjusting images which can be applied on multiple images from multiple
sensors will be discussed. First results of a lookup table (LUT) - transformation will be shown. The main aim is
to present methods and concepts in color theory which can be applied in the field of sensor fusion and remote
sensing to improve the workflow for color adjustment for blocks of images.

1 Introduction

In the last years Nasa, Microsoft, and Google started creating virtual 3D globes. Microsoft and Google are still
competing in presenting the most actual and largest scale (up to streetside) data. Virtual Earth, the platform of
Microsoft, presents 3D views and especially birds eye images. Google Earth, Google’s platform, presents
streetview images and has a large community, who are creating additional content in KML format (keyhole
markup language). Both services need to fuse images of different scales and sensors.

This paper gives a conceptual overview how to color characterize an aerial camera and with this be able to use
all the advantages of standardized color spaces and methods suggested by color theory to adjust the colors of
several images. The necessary background information about aerial sensor fusion, color theory and color profiles
is given in chapter 2. Chapter 3 comprises the connection between aerial fusion and color theory and chapter 4
will describe first results with a LUT transformation. The last chapter will summarize and give a future outlook.
The idea presented in this paper combines research results from color theory with techniques in remote sensing,
in order to improve already available image (sensor) fusion and mosaicking methods.

2 Background

2.1 Radiometric Sensor Fusion of Satellite, Aerial and Streetside Image Data

Photographing the earth’s surface can be done by different kind of sensors. No matter if the sensor is mounted on
a satellite or aircraft platform, or in the recent developments even on a mobile platform as a car, it is always
necessary to adjust the recorded images radiometrically. Flight missions of cities or other areas usually produce
several hundreds or thousands of images. The different illumination situations, when flown on different days or
different sun angles (flying over a complete day) results in color differences. Even the atmosphere influences the
radiometry of aerial images (e.g. haze in images). This makes it necessary to adjust colors of a complete flight
mission. At the moment several algorithms as for example histogram matching, statistical matching or linear
correlation are implemented in image mosaicking software. All these algorithms work quite well as long as the
differences in colors are not too big.
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To fuse images from different sensors, with different radiometric response and behavior, different sunlight and
illumination situations make it even more difficult to adjust blocks of images. Figure 1 shows an example for
such a sensor fusion problem. As Microsoft and Google started to get in on aerial image processing this research
area got more and more importance over the recent years.

Figure 1: Screenshot of Virtual Earth - sample for problems with image data fusion, especially problems arise in
homogenuous regions (source: http://maps.live.com, accessed on 2009/04/30)

2.2 Color Theory

Each device, no matter if it is an input device, as a scanner or digital camera, or an output device, as a LCD
screen or a printer, is producing colors in a specific color space. Each device can (re)produce colors, but these
colors vary from device to device. The range of colors which can be (re)produced by a device is called the
gamut.

The devices even produce colors in different color spaces. Input devices as well as display devices typically use
the RGB color space, whereas output devices work with the CMYK color space. Both color spaces have the
problem that they are device dependent. In color theory several other color spaces have been developed which
are independent of any device. The most common device independent color spaces are the XYZ- and LAB color
space (Reinhard, 2008).

The transformation of a device color gamut into a device independent color space opens the possibilities to use
well defined methods for changing the colors of an image in a standardized way. Figure 2 shows the gamut of the
device independent color space XYZ in 2D, also called chromaticity diagram, and the gamut of the sSRGB-color
space transformed into XYZ color space. A defined transformation back into a color space of an output device
guarantees an output with the same colors as the input device has recorded, as long as the color gamut of the two
devices is similar.

The main advantage of a device independent color space is that techniques for color adjustments and
improvements can be performed independently from any input or output device. Those techniques are for
example gamut mapping, color transfer or white balancing.
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Figure 2: Chromaticity diagram of XYZ-color space, with limitations of sSRGB color space and D65 white point
(source: http://en.wikipedia.org/wiki/SRGB_color_space, accessed on 2009/04/30)

2.3 International Color Consortium

The International Color Consortium (ICC) is an industry consortium which was established in 1993. The ICC has
developed a standard for describing the color gamut of a device, the so called ICC-profiles and a workflow for
working with standardized colors.

—

Figure 3: A typical workflow for taking and printing photographs

A usual image production workflow for photography and printing is presented in Figure . The standard hardware
driver and color adjustment is used for displaying a recorded image on an LCD display. In the further step the
recorded image is printed, without having a focus on color management. This leads in most cases to a different
representation of colors in every new device of the workflow.

To avoid those unexpected color problems when working with more devices, the ICC has developed a
standardized workflow, which uses a device independent color space (profile connection space - PCS) and a
profile for each device in the workflow to transform specified colors (figure 4).
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ICC
Profile

Figure 4: Standardized color workflow suggested by ICC

The transformation into the device independent color space is defined in the ICC profiles. This profile contains
information about the transformation parameters (or Look up Table - LUT), additional information about the
device color space (RGB or CMYK) and, if necessary, information about the transformation from the PCS back
to the device color gamut.

2.4 Camera Calibration

To calibrate a digital camera by means of color calibration and for the creation of the ICC-profile it is inevitable
to use a color target (figure 5) with known color values and a specified light source. Figure 5c shows a self-
defined color target. This target was created for further analysis. The color patches have been chosen, as they
represent the main colors in the RGB- and CMYK-color spaces. From each color there are 6 different intensity
levels up to white. The seven white patches in the lowest row and the gray border can be used to determine if the
light source illuminates the target equally.

To be accurate, it is inevitable to use a spectrophotometer to measure the color values with this calibrated device
during the recording of the images. Out of these recordings it is possible to derive transformation parameters or a
LUT for the conversion of the RGB values into an independent color space as XYZ or LAB. This process is also
called camera characterization.

When characterizing digital cameras all images recorded with these cameras can be transformed into the device
independent color space and this opens new possibilities in adjusting multiple images from multiple sensors. In
addition, the transformation back to an output color space is specified as long as the output device is also
calibrated and defined by an ICC-profile.

Different illumination situations during photographing bring up problems when using the derived transformation.
But there are several possibilities to avoid this problem. Reinhard et al. (2008) suggests making multiple color
target recordings with different illumination situations and using them to approximate the lightning situation
during image taking. Another approach described by Reinhard et al. (2008) is to estimate the lightning situation
and adjust according to the estimation the transformation parameters. An intelligent white balancing algorithm
(no matter if done in the device color space or already in the independent color space — Sharma et al., 1998 and
Jang et al., 2005) can also be used for adjusting to the correct chromaticity coordinates.
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Figure 5: color target for camera characterization, a) Gretag MacBeth Color Checker, b) Kodak IT8 color target,
¢) self-defined color target for investigations

3 Combining Color Theory and Aerial Sensor Fusion

The integration of techniques of the ICC and color theory in remote sensing will bring miscellaneous advantages
for color image processing of aerial photos and satellite images. One very important issue is the correct color
representation on different output media. With the creation of ICC profiles a more accurate representation of
color through the complete production workflow can be guaranteed.

Furthermore it is of interest to evaluate methods developed in color theory to adjust blocks of images, even from
different sensors to result in even image mosaics without color shift problems. Three methods are described
below. Further investigations in near future will show which of these method will suit best for the radiometric
image fusion application.

3.1 White Balancing

White balancing is a widely known approach in photography. It describes the technique of finding the
appropriate color balance in an image, with the result that a white area, like for example a bright roof, also
represents a white area in a photo. This means, that the red, green and blue channel have values of exactly 255
DN in a 24bit image. During recording this is usually not the case because the illumination is always different.
Consumer cameras have an auto white balancing algorithm implemented or more sophisticated users can white
balance the camera for a specific lightning scene by photographing a white surface. In addition, there is always
the possibility to adjust the images in post processing.

Due to the fact that aerial image sensors need to be post processed the white balancing happens usually in this
step and not already during recording. Several algorithms, like the gray world assumption or component
stretching, are well known white balancing techniques (Bianco et al., 2006).

3.2 Gamut Mapping

Gamut mapping describes a technique where the gamut of a device can be mapped into a gamut of another
device. The mapping is necessary for example when a picture has been scanned and shall be printed in a next
step. The two device gamuts of the scanner and printer are typically different. For this reason a mapping between
those two gamuts must be found to be able to reproduce colors from the scanner as accurate as possible with the
colors of the printer. This is not always a trivial issue, as the color spaces of different devices can vary strongly.
As long as the gamuts are overlapping this is not the problem, but the tricky part of the task is to find color
matches when the gamuts in the XYZ color space do not overlap. More details on how to solve these problems in
gamut mapping can be found in Vrhel et al. (1999).

This technique can be used to map the color gamuts of different aerial image sensors. When the sensors have
been characterized the gamut of the device is well known and can be used to map into a gamut of another sensor.
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3.3 Color Transfer

Color transfer describes the process of analyzing the statistics of an image and modifying another image so that
the statistical properties are similar to the reference image. The correlation between color channels is very
helpful. Usually this technique uses the principal component analysis (PCA) to decorrelate the data (color
channels) and treat the channels completely independently. This is performed in another color space than RGB,
which is more adequate for working with uncorrelated data. In a next step the statistical properties (mean and
standard deviation) are fitted and in a last step the images are transferred back to RGB color space.

The color transfer method would allow a transfer of the colors of one sensor to images of another sensor and thus
would aim in a similar result as the gamut mapping, which is the main goal to adjust images of different sensors
by using techniques out of color theory.

4 First tests and setup

For an initial test the digital aerial cameras UltraCamXp, and UltraCamL, products of Vexcel Imaging GmbH,
were used. The color concept of the two cameras is different. UltraCamXp uses 3 separate color cones whereas
the UltraCamL uses a Bayer pattern CCD. The RGB image produced by the UltraCamXp consists of three
monochrome grayscale images with color filters (red, green and blue), which are registered to each other in
postprocessing. On the contrary to this produces the UltraCamL just a single image with a Bayer pattern CCD
where the missing information is interpolated with demosaicking algorithms (similar to consumer cameras as e.g.
the Canon EOS 40D).

A color target with well defined color values has been recorded in the calibration lab. The illumination was given
by 4 HEDLER D04 HDI lamps with even, specified 5600K daylight. Image series with different aperture and
exposure time settings have been recorded. The image series with the same settings have been averaged and used
for further investigations.

Figure 6 shows the reference target, an image of a digital SLR camera (Canon EOS 40D) and the image of the
color target taken with the monochrome sensors and with the Bayer pattern sensor. When checking the images
visually, differences to the reference target can be seen in all three cases. The difference in the image of the
consumer SLR camera is smaller than the differences of the reference target to the UltraCam images. The reason
for this is that the SLR camera already has a color management implemented and the images recorded with the
UltraCam cameras have no specific color post processing applied. All photographs of the color targets have been
white balanced manually.

b i b

a b ¢ d

Figure 6: Comparison of color targets, a) Reference target, b) Photo taken with Canon EOS 40D,c) Averaged
image of monochrome image sensor (UltraCamXp), d) Averaged image of Bayer pattern sensor (UltraCamL)

The initial test to fit colors has been performed in RGB color space. The gray level color patches of the reference
image and the target image are displayed on a 2D diagram and values in between are interpolated with a spline
function. The resulting LUT is used to compute the new colors in an image recorded with this sensor. The spline
function for the monochrome RGB sensor is shown in figure 7.
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Figure 7: Diagram of the color patches from black to white from the reference image confronted with the target
image, including the interpolated spline function

Figure 8c shows a first result. The reference target image can be seen on the left side (figure 8a), the original
monochrome sensor image in the middle (figure 8b) and the adjusted image where the LUT of figure 8 was
applied, is displayed on the right side. The red rectangle indicates the color patches used for the creation of the
LUT. The adjusted image fits visually better to the reference image than the original sensor image.

a b c

Figure 8: Reference color target (a), original UltraCamXp image (b) and LUT adjusted UltraCamXp image (c),
the red rectangle indicates which color patches have been used to create the LUT

In figure 9 the LUT adjusted image is confronted with the reference image to check the quality of the LUT
adjustment. The perfect fit would result in a straight line. The shape of the spline function is straighter than
before in figure 7, which confirms the visual impression in figure 8.
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Figure 9: Diagram showing the reference image compared with LUT adjusted image

When applying this LUT onto real image data from the monochrome sensor the results are also very promising
as it can be seen in figure 10. The colors appear to be more natural and have no gray and brown color cast
anymore.

Figure 10: Comparison of monochrome sensor image, a) original image, b) LUT corrected image

5 Summary and outlook

This paper gives a short introduction how methods and standards (ICC) of color theory can be applied to aerial
images to improve color problems when fusing images of different camera sensors. Basic background
information about color theory is given and three methods are explained. The advantages of standardized colors
and a standardized color workflow are discussed. A method for camera characterization is presented and first
setups and tests with two different image sensors of digital aerial cameras are described. First tests and
calibration setups are shown in chapter 4. A first LUT has been computed to map the colors of the reference
image to a sensor image.

The next steps in this investigation will be the useful derivation of parameters for the transformation into XYZ-
color space. Different methods are evaluated, which can be used to create this transformation. A lookup table and
a least squares polynomical fitting method will be created to check which method brings the most accurate
transformation results. The methods will also be evaluated with 16bit images to be able to exploit the full
capacity the images from the sensors and to be able to make the transformation more accurate. Furthermore,

Applied Geoinformatics for Society and Environment 2009 - Stuttgart University of Applied Sciences 87



Susanne Scholz

when the correct transformation has been evaluated, further analysis with methods described in chapter 3 will be
performed.
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ABSTRACT

Nowadays, remotely sensed images are used for various purposes in different applications. One of them is the
cadastral application using high resolution satellite imagery. In this context, a comparison of extraction results
from these images and existing vector data is the most important issue. The goal here is to show the advantages
and disadvantages of the QuickBird and IKONOS imagery for making cadastral maps. In this study, high
resolution IKONOS and QuickBird images of rural and urban test areas in Zonguldak and Bartin have been
chosen. Firstly, pan-sharpened IKONOS and QuickBird images have been produced by fusion of high resolution
PAN and MS images using PCI Geomatica v9.1 softiware package. The parcel, building and road network
objects from these datasets have been extracted automatically by initially dividing it into segments and then
being classified by using the spectral, spatial and contextual information in eCognition v4.0.6 software package.
On the other hand, these objects have been manually digitized from high resolution images using ArcGIS v9.2
software package.

These vectors produced automatically and manually have been compared with the existing digital cadastral
maps and reference vector maps (scale 1/5000) of the test area. The success of object-oriented image analysis
results was tested by GIS software; the results have been presented and commented. Therefore, making GIS-
based analysis and comparisons with raster and vector data of the test area has crucial importance in terms of
putting forth the recent situation.

1 Introduction

The availability of high resolution optical imagery appears to be interesting for geo-spatial database applications,
namely for the capturing and maintenance of geodata. Recent works show that the geometry of QuickBird or
IKONOS imagery are accurate enough for mapping purpose up to scale 1:5000 (Biiyiiksalih and Jacobsen,
2005). High resolution satellite imagery data has a lot of advantages and can be used for updating the available
maps. This can be applied specifically to follow the road networks and verify them in the topographing database.

Nowadays, developments in remote sensing and image processing technologies have specifically provided the
opportunity of determination of large areas in detail and in this respect, production of reliable, extended and
recent data quickly. Thus, the fast developments in urban areas can be followed and strategies of directing those
developments can be formed. In this respect, automatic object extraction have recently become necessary for
large-scale topographic mapping from the images, determining the changes of topography and revising the
existing map data. For mapping from high resolution imagery or GIS database construction and its updates,
automatic object-based image analysis have been generally used for remote sensing applications in recent years.
Besides, as the products obtained by automatic object-based extractions are GIS-based, they can be integrated to
GIS. In this way, queries and various strategic analyses can be made.

In this study, automatic object-based classification of buildings, parcels and roads in the Zonguldak and Bartin
study area of Turkey has been realized by eCognition v4.0.6 software. The Classification procedure has been
implemented using pan-sharpened QuickBird images of the interest area. Such an image can be easily formed by
the pan-sharpening module of PCI Geomatica 9.1.1 system. Several tests have been carried out to match with the
successful segmentation. Then the classification is done by entering different parameters to the used software. In
addition, based on the previous studies, road networks from pan-sharpened IKONOS images of the same area
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have been extracted using Halcon v7.0 software and the extraction results have been interpreted. Aim of this
study is to test feature extraction capacity of these high resolution images for using in GIS. The results obtained
have been changed into vector format and integrated to a database. These vectors, produced automatically, have
been compared with the reference vector maps (scale 1/5000) of the study area and with the results acquired
from on-screen manual digitizing method. The success of object-oriented image analysis was tested by GIS
software.

2 Zonguldak, Bartin Testfield and Datasets

The Zonguldak testfield is located in the Western Black Sea region of Turkey. It is famous with being one of the
main coal mining areas in the world. Although losing economical interest, there are several coal mines still active
in Zonguldak. The area has a rolling topography, in some parts with steep and rugged terrain. While partly built
city area is located alongside the sea coast, there are some agricultural lands and forests in the inner part of the
region. Figure 1 shows the QuickBird imagery of the testfield taken in May 2004. Bartin testfield is located in
close of Zonguldak, but Bartin topograghy is smooth. Bartin test area was selected from the city center and its
close vicinity of Bartin. The different structures and densities of vegetation also will be practiced approach of
object-based classification.

Figure 1: QuickBird image of Zonguldak testfield.

In the upper part of the image, the Black Sea is lying down and other parts of the image include central parts of
the Zonguldak city, which covers nearly 15x15km area with the elevation range up to 450m. When the images
have been received, they were analyzed for selecting suitable Ground Control Points (GCPs). As a result of this
determination, 43 distinct GCPs were measured by GPS survey with an accuracy of about 3cm. Since those
natural GCPs can be seen very well on the images, they were selected as building corners, crossings, etc.
Because of the fine resolution of QuickBird imagery, many cultural features can be identified and used as GCPs.
The manual measurements of GCPs’ image coordinates were carried out by GCP Collection Tool under PCI
Geomatica-OrthoEngine software package. After geometric correction of QuickBird imagery (Jacobsen et al.,
2005), it was enhanced by applying a pan-sharpening method (Wang and Zhang, 2004) used in PCI system. This
method makes it possible to benefit from the sensors spectral capabilities simultaneously with its high spatial
resolution.

In this study, a subset of pan-sharpened images which include the buildings and road features were planned to be
used for the automatical extraction. The characteristics of this area, shown in Fig. 2, are a variable topography
and a more urbanized area in Zonguldak. Fig. 3, is a Ikonos image, which shows urban areas and the city center
of Bartin. Besides, figure 3 shows after classification of Bartin testfield. Looking at the image in detail, there are
lots of buildings with different shapes and road network without any order. It can be seen that some of the
building roofs are different from each other and some of the road network is shadowed by building features and
vegetation. Depending on this reasons, determining parcels is not useful for Zonguldak city area. Besides, in the
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urban area the determination of parcels, roads and buildings is much easier than in city areas. This situation is
given in figure 3.

Figure 2: Subset of Pan-sharpened QuickBird Image of Zonguldak Study Area

3 Object-Based Feature Extraction

Object-based image analysis comprises an image segmentation and object-based classification phase in
eCognition v4.0.6 software. This software offers a segmentation technique called Multiresolution Segmentation
(MS). Because of the MS is a bottom-up region-merging technique, it is regarded as a region-based algorithm.
MS starts by considering each pixel as a separate object. Subsequently, pairs of image objects are merged to
form bigger segments (Darwish at all., 2003).

The merging decision is based on local homogeneity criteria, describing the similarity between adjacent image
objects. The pair of image objects with the smallest increase in the defined criterion is merged. The process
terminates when the smallest increase of homogeneity exceeds a user-defined threshold (the so called Scale
Parameter — SP). Therefore a higher SP will allow more merging and consequently larger objects, and vice versa.
The homogeneity criterion is a combination of color (spectral values) and shape properties (smoothness and
compactness). Applying different SPs and color/shape combinations, the user is able to create a hierarchical
network of image objects (e-Cognition, 2004).

Image segmentation phase is followed by the classification of the images. eCognition software offers two basic
classifiers: a nearest neighbour classifier and fuzzy membership functions. Both act as class descriptors. While
the nearest neighbour classifier describes the classes to detect by sample objects for each class which the user has
to determine, fuzzy membership functions describe intervals of feature characteristics wherein the objects do
belong to a certain class or not by a certain degree. Thereby each feature offered by eCognition can be used
either to describe fuzzy membership functions or to determine the feature space for the nearest neighbour
classifier. A class then is described by combining one or more class descriptors by means of fuzzy-logic
operators or by means of inheritance or a combination of both. As the class hierarchy should reflect the image
content with respect to scale the creation of level classes is very useful. These classes represent the generated
levels derived from the image segmentation and are simply described by formulating their belonging to a certain
level. Classes which only occur within these levels inherit this property from the level classes. This technique
usually helps to clearly structure the class hierarchy (Marangoz at al.., 2006).
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Figure 3: Ikonos imagery of Bartin and object based classification results

4 Comparison of Feature Extractions with Reference Vectors

Automatic object-based feature extraction results and manual on-screen digitizing results were compared with
reference vectors from 1:5000 scale topographic maps using GIS software.

4.1 Comparison of Object-based Feature Extraction Results with Reference Vector

Firstly, vector results of object-based feature extraction of buildings and road network from images were
compared and superimposed with reference vectors (Fig. 4a and 4b).
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Figure 4: GIS-based analysis of object-based results of buildings (a) and road (b) network from QuickBird using
reference vector (Red: Reference vector, blue: Object-based results)

By counting the extracted buildings in the study area using GIS software, it was seen that 85% of buildings were
extracted automatically. In the segmentation phase of object-based feature extraction, most suitable segmentation
results were selected and therefore, this situation caused more success results of buildings extractions.

The extracted buildings are good shaped and similar to their real forms. Looking at Figure 4a in detail, it can be
recognized the some new buildings were constructed and some buildings were demolished.

By comparing the center lines of road network of reference vector and object-based results, it was seen that, 70%
of road network was extracted automatically. The reason of this low value is shadow problems caused from
buildings in this image and the proximity of the buildings. The other reason is low extraction capability of linear
objects of eCognition software package (Marangoz, et al., 2007).

4.2 Comparison of On-screen Manual Digitizing Results with Reference Vector

Secondly, on-screen manual digitizing vector results of buildings and road network were compared and
superimposed with reference vectors (Fig. 5a and 5b).
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Figure 5: GIS-based analysis of on-screen manual digitizing results of building and road network from
QuickBird image using reference vector (Red: Reference vector, blue: Manual digitizing)
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Manual digitizing of buildings from QuickBird image were extracted with correct shape by using the advantage
of 0.60m GSD. This image has a sun elevation angle of 65° and a sun azimuth angle of 139°, therefore, small
buildings and the street lines located in shadows could be identified easily. By counting the digitized buildings in
study area using GIS software, it was seen that, 90% of buildings were digitized manually. Looking at Figure 5a
in detail, some new buildings were constructed and some buildings were demolished as automatic method.

Main problem of the road extraction from pan-sharpened QuickBird imagery are the trees which prevent
extracting the objects under them. Some of the roads could not be extracted because of the blur, operator errors,
operator ignorance and shadow effects. They are the other important obstacles in extraction of roads. However, it
was seen that, 85% of the road network of study area was digitized manually (Marangoz, et al., 2007).

5 Conclusions

In this study, the capacity of object-based classification approach to identify parcels, buildings and road networks
of city and urban test areas from Ikonos and Quickbird imageries was examined. In the urban area buildings and
road networks can be detected with a high percentage. However, parcel objects are not extracted very good from
high resolution imagery. Besides, urban area gives a good result at all of the objects. Based on the acquired
results, the following conclusions were reached.

= For extraction of parcels from the high resolution images, object-based algorithm was used. By using
this algorithm parcel objects were extracted successfully which above 85% in urban area. But city area
results are not good enough for creating cadastral maps (figure 3., figure 6., table.2.).

= [KONOS imagery is not suitable for automatic feature extraction on this study area especially parcel
features.

= QuickBird image produced suitable mapping results. The main problems in the study area are the
shadows of neighboured buildings. Besides, QuickBird image produced non-suitable mapping results
for parcels objects in city area.

= Some items e.g. atmospheric conditions, sun elevation and incidence angle and detail contrast of the
images affects the information contents to identify the objects.

= Al six classes were created which contains Base building class for Ikonos imagery. Base building
class was created to separate Buildings and Agricultural classes in city center which can not contain
Agricultural objects. For this purpose, homogeneous distributed building objects were selected to create
a buffer zone by 250m radius which specifies the agricultural objects out of city center. In classification
phase, an inverted membership function was created to separate agricultural objects from city center
which can not be in this buffer zone produced from the Base building objects (figure 3.).

=  Manual on-screen digitizing method process is slower than the automatic one but it has more close
results as the real feature forms.

Figure 6: Results of Object-Based Classification of Ikonos Image in Bartin city center
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Producer’s User's Kappa
Class Name Accuracy Accuracy Statistic
% %

Agricultural 83 86 0.78
Buildings 84 89 0.75
Vegetation 100 100 1.00
River 100 100 1.00
Road 100 73 1.00

Table 1: Accuracy results for classified pan-sharpened ikonos
from object-based image analysis

Feature in Manual Automatic
Study Area Digitizing Extraction
Parcel (city) %15 %10

Parcel (Urban) %90 %385

Buildings % 90 % 85

Road Network % 85 % 70

Table 2: Capability of manual on-screen digitizing and object-based extraction approaches using reference
1:5000 scale topographic maps
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ABSTRACT

This paper presents a region based approach for doing image classification. An attempt is made to use both
spectral and spatial information of an input image. The procedure first divides the image into several groups (in
the spectral space) based on a selected sample set using the Mahalanobis distance as a measure of similarity.
The result is then segmented into regions using region growing segmentation. The region growing process also
incorporates edge information to avoid growing over vital inter-region boundaries. Each region is defined by a
number of measurements or attributes such as the unique ID, the list of all its member pixels, the mean intensity
and covariance matrix of the spectral values in that region.

The extracted regions are classified using a minimum distance decision rule. Several regions are selected as
training samples for region classification. Each region is compared to the training samples and is assigned to its
closest class.

The procedure has been implemented using MathWorks MATLAB software. It has been tested on a number of
images including Landsat TM, ASTER and ADS40 imagery. The procedure significantly reduces the mixed pixel
problem suffered by most pixel based methods.

1 Introduction

Image classification approaches have evolved over the years. This development has partly been driven by the
need for higher accuracies in the classified result. The other driving force has been the emergency of high
resolution imagery such QuickBird and IKONOS which pose a challenge to most image classification methods
(Baatz, 2004; Yu, 2006).

At the moment image classification methods may be grouped into two main categories depending on the image
primitive used viz. pixel based and object based methods. Pixel based methods classify individual pixels without
taking into account any neighborhood or spatial information of the pixel. Only the spectral patterns are used. On
the other hand, object based methods attempt to group pixel into objects by an image segmentation process based
on a chosen similarity (e.g. texture, color, intensity) and then use the spectral, spatial and contextual information
inherent in these objects to classify the whole image (Navulur, 2007; Baatz, 2004).

Object based image classification has emerged as a superior way of doing image classification (Araya et al.,
2008; Manakos et al., 2000; Hay et al., 2006). One of its strength is the ability to extract real world objects,
proper in shape and accurate in classification (Baatz, 2004). It eliminates the mixed pixel problem suffered by
most pixel based methods. This is because the image is classified on an object level and usually more
information is used. Object based methods are also able to handle high resolution imagery which aggravates the
classification process for most pixel based methods (Yu, 2006).

The object based image analysis approach has been implemented in a number of commercial software packages
such as Definiens eCognition Developer and ENVI. Despite this more research is required in this relatively new
field in remote sensing (Hay, et al., 2006).

In this paper, a region-based approach for doing image classification is presented. The main goal is to develop an
alternative procedure for a doing object-based image classification. The procedure has been implemented using
MATLAB 2008a. The conceptual view of this approach is covered in the section 2. The MATLAB
implementation is covered in section 3.
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2 Method

In this procedure an attempt is made to use information from both the spectral and spatial domains for image
classification.

The first step of the procedure is spectral grouping. This is done by determining the closeness of each image
pixel to each of samples selected from the image. The pixel is assigned to its closest sample. Samples are
selected based on the expected number of classes in the image. The Mahalanobis distance D, as defined below, is
used a measure of closeness or similarity.

[ =1
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In (1), x is the pixel spectral vector, u is the mean spectral vector of a sample in a multiband image, ) is the
covariance matrix of the sample, 7 denotes the transpose of the matrix.

Once spectral grouping has been achieved, spatial grouping then follows. Here the spectral groups are further
organized into regions in the spatial domain. This is accomplished by region growing image segmentation. Prior
to the region growing edge pixels are extracted using the canny edge operator. Seed pixels are also extracted.
Seed pixels are taken as local minima in the gradient image created from the input image.

The image segmentation is essentially a two step process. Firstly, region growing is done on all non-edge image

pixels. This step is taken to prevent the process from growing over vital inter-region boundaries. Secondly, all
the un-grown pixels (mostly edge pixels) are merged to their closest neighboring region (using the Euclidean
distance) to realize full image segmentation.

The extracted regions are then classified using a minimum distance decision rule. The mean intensity of each
region is the basis for classification. Several regions are selected to serve as training samples for region
classification. Each region is compared to the training samples and is assigned to its closest class.

3 Implementation

The programming has been done in MATLAB 2008a. However, the code developed is also compatible with
older versions down to version 2007a. The Image Processing toolbox is required to run the code. An outline of
the steps involved is given next.

The image data is loaded using MATLAB’s imread function. To facilitate floating point calculations the RGB
is converted to double format. Optionally, the image is smoothed using a Gaussian filter to reduce noise. This is
achieved by using the Fspecial command together with the imFilter command.

Samples are then selected from the image. The samples are the basis for spectral grouping. MATLAB’s built in
function roipoly is used to select the regions of interest. Once this has been done, statistics of the samples
(mean and covariance) are calculated. MATLAB provides mean and cov functions for calculating the mean
and covariance respectively. These functions have been arranged in a user-defined function to calculate the
statistics at once. Mahalanobis distances are then calculated using a user-defined function (Mahalanobis,
Gonzalez, et al., 2004) between each pixel and each instance of the sample set. All pixels closest to the same
sample are assigned same sample ID. The result is an image composed of sample IDs. This constitutes spectral
grouping.

The next step is spatial grouping. The image created from the spectral grouping is the input. This makes region
growing easier because only equal IDs are grown. The algorithm shown in Figurel has been coded into a region
growing function. It uses a modified flood fill approach (Eddins, 2008) with 4-neighbor connectivity. Edge and
Seed information is extracted as explained in section 2. The growing starts at any seed pixel and continues until
all seed pixels have been used up. The remaining un-grown pixels are merged to their closest neighboring region.
A structure is used to hold all the segmentation information. A Structure is a MATLAB array with named "data
containers" called fields or attributes (MathWorks, 2009). Each region is assigned a unique ID, list of member
pixels, mean and covariance of intensities in the region. A region label image which comprises region IDs is also
created. Fig 3-1 shows the flow chart for the region growing process.
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The last step is region classification. Region classification uses the minimum distance criterion. This means that
an image region is classified based on its distance to a training sample. Training samples are selected using
MATLAB’s getpts function. The function enables the selection of set of points in the image using the mouse.
Coordinates of the mouse click are then matched with a region ID in region label image. To aid the selection,
region boundaries are overlaid on the image. A MATLAB structure is also used here to hold training sample
information. For each training sample set the name and ID of the class are saved. Each sample in the training set
is also given a unique ID and its object ID from the region label matrix is saved. The classifier computes
distances (Euclidean) between each region mean and the mean of each of the training samples. The region is

Lonesome M. Malambo

Said
Pixal list

Choose 1%
Pixelin list
Update seed
Pixel list
Get Ir
Seedfactie pinel
Sane fegion
paperties
Selest Tt Pixel l
ficwn ung rowen list |
o be active pivel ;

o sy wivepbel,_ _ |
o list i comient region

Figure 1: Region growing algorithm.

assigned to the class to which it is closest.

98

. ObjApp_fin

BRI

— Main Toolbar

— Image

Data Input

e ——

Load Multiple.

— Image Preprocessing—

Mask size
St Deviation

Filter Image

— Image Segmentation—

Select ROIs
Frepare Input
Segmentimage

Region Classification

Enter Class names
Pick Train. samples
Classify Regions

Ground Data

Accuracy ASSess..

Photogrammetry, Earth Observation Systems, Information Extraction

Figure 2: Region growing algorithm.




A Region Based Approach to Image Classification

All the MATLAB functions used in these steps have been arranged into a graphic user interface (GUI) designed
using MATLAB’s GUI layout editor (see Figure 2 ). A compiled version is available for sharing.

4 Results

The procedure has been tested on a number of images. The procedure significantly reduces the mixed pixel
problem suffered by most pixel based methods. Figure 3 shows one result obtained from a Landsat image.
Training samples are marked by blue stars on the left image. In the classified image, water is shown in blue,
vegetation in green, open fields in beige, and bare land in gray.

=l U YN T
f,m“'fé;? fpﬁ-’?ﬁ 7 e
o

Segmented image with selected training regions Classification result

Figure 3: Region based classification

5 Conclusions

Good results have been obtained by using this procedure. However, more testing is required to establish the full
strengths and weaknesses of this approach. The main strength of this approach is the reduction of the mixed pixel
problem suffered by most pixel based methods. The result of the classification is much cleaner so post
processing such majority filtering is avoidable. The procedure is also interactive and has few tuning parameters
to set.

The classification result is influenced by the samples (also number of samples) used either for segmentation or
classification. Samples selected for spectral grouping have an effect on the image segmentation result. When
fewer samples are used for the spectral grouping, this causes under-segmentation. Conversely, when too many
samples are used an over-segmented result is produced. The under-segmentation problem is easily solved by
selecting more samples especially in regions the problem occurs. Smoothing the image prior to selecting samples
lessen the over-segmentation problem. It is important that an acceptable segmentation is achieved before
proceeding to the classification stage. On the whole, this approach has demonstrated the strength of classifying
images on an object level.
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ABSTRACT

The development of the Digital and Analytic Photogrammetry has facilitated the utilization of not metric
cameras as devices of images acquisition in Photogrammetry projects. This work shows an application of close
range Photogrammetry in the geometric documentation of Statue "Triangular Face" in the archaeological park
of San Agustin (Huila), Colombia, utilizing a digital camera of 5 Mega Pixels.

The project was developed in 3 phases:
1. Calibration of the digital camera (reconstruction of the internal geometry of the camera).

2. Development of a pilot test with a statue of similar geometry to the one in San Agustin, in order to determine
the efficacy of the proposed methodology.

3. Field work and restitution of the generated models, to integrate the Digital Model of Land and the Virtual
Model of the Statue.

1 Introduction

San Agustin is the main archaeological park in Colombia. International scientific community recognizes its
importance highlighting the Augustinian Statuary as the most important one of the South American Pre-hispanic
world, and by his ancient culture, even greater than the Aztec or Inca’s cultures. Although several theories of
diverse anthropologists present discrepancies on the same town and on some aspects of chronology, Carbon-14
tests registers the oldest Augustinian antecedents further back to the year 3,000 B.C. what would represent
antiquity of about five thousand years. Almost six hundred megaliths, some of them, five meters height and
carefully carved with anthropomorphous motives have been found in a nearby region of approximately 500
square Kilometers.

The statues attain very various symbolic, formal, and thematic features. In their vast majority they were of
funeral character and remained underneath land for a millennium or more, until the 18th century when most of
the tombs were excavated and plundered (Llanos, 2006).
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Figure 1: Locating of the area of study (San Agustin - Huila) south of the Colombian Territory.

Human heritage conservation has lately become a priority in Colombia, what has enabled an interaction among
the population in general, by means of promoting archeological tourism.

There is a need to generate and use alternate methods for the archaeological documentation in San Augustine, as
a primary background source for understanding Colombian and world cultural and archeological inheritance.

Survey and documentation are two processes in which close range photogrammetry is applied, as a suitable
instrument that contributes to the conservation of this “world heritage” as declared by UNESCO (1995).

In conclusion, the virtual model generated as final product of the photogrammetric restitution leads to obtain
information on the state of the object at the moment of taking the photographs (construction techniques, styles,
material used, geometry and state of conservation). In such a way it is possible to generate a suitable approach
for handling such statues by people with minimum knowledge in the area. This is the way the objective
presented for the formulation of this project is reached: “fto implement photogrammetric techniques to enhance
conservation and promotion of archaeological inheritance".

2 Equipment

In the development of the project the following equipment was used:

= A 5 Mega pixels digital camera - Sony Cybershot DSC-P73. Considered as a Medium Quality camera
for photogrammetric purposes.

= Total Station TOPCON GTS 212. This is a surveying instrument with an accuracy of + /- 3mm + 5ppm
for distance, and of 5" for angular.

= Tripod. Due the stability it provides, the utilization of a photographic tripod is recommended.

= Digital Monoscopic Photogrammetric Station. The use of this system for generation of 3D model is
recommended, due these are perfectly integrated with CAD systems, what makes it easier to be used in
several applications.

= Software Photo Modeler 5 was used, due its compatibility with Windows. It allows to measure and
shape objects and scenes from the real world through the use of photographs. This software is an
analytic program for close range Photogrammetry developed by Eos Systems Canadian Company.

3 Methodology

The project was developed in three phases. In the first one, the Camera was calibrated and a pilot test was
developed to tune up with the methodology. In the second phase, called field work, Photographic and
Topographical information capture was done in the archaeological park for further analyses. In the third phase,
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called lab-work, all data collected in the previous phase was processed to develop three-dimensional -3D-
models of the target object.

3.1 First Phase

3.1.1 Calibration of the Camera.

The purpose of the Calibration is to determine the geometric parameters of the camera by means of analytic
methods. The calibration was carried out with a specify model for this purpose in the Photo-Modeler software.
A minimum of eight photographs was used in order to calibrate the camera by the auto-calibration method. At
the end of the mathematical process, we draw a table with the following information of the camera: focal length
calibrated distortions of the lens (3 parameters of radial distortion and 2 parameters of tangential distortion),
coordinates of the main point and the size of the CCD.

Camera Information g

Camera Name: IF
Focal Length: | 5.9384 mm
Format Size W: | 5.3360 H: [40m8 min
Principal Point 3 | 26455 ¥: [ 1.8998 mm
Lens Distottion K1: [2567e003  P1: [8.325¢-005
K2 [1693004 P2 (22302004
K3 [0.000+000

Image Size: (2304 x [1728° Setfiom fe

Fiducial type: |

LE2)

Calibrated: yes [

| ok | Cancel | Hep |

Figure 2, Results after calibration process.

3.1.2 Pilot test after Camera'’s calibration

Once the camera was calibrated we chose a figure with similar geometric characteristics to the target one in the
Archaeological Park. Upon carrying out this pilot test we intended to master the methodology for the capture of
information as well as photogrammetric restitution process.

After taking the photographs (keeping in mind the given parameters described in the phases field- and lab-work)
Virtual Reality Model - VRML — was generated.

Figure 3: Virtual Reality Model - VRML, generated alter photogrammetric restitution with Photo-Modeler
Software.
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3.2 Second Phase — Field Work.

In this phase the following processes are distinguished:

3.2.1 Suitable methodology

Suitable methodology was defined and evaluated so as to reach the objectives concerning the documentation of
the statue "God of the Sun or Triangular Face", located in the small “MESETA B” inside the Archeological park.

3.2.2 Image Acquisition

The photographs were taken with a 5 Mega Pixels digital camera. The pictures were taken seeking for adequate
lighting in order to avoid shadows taking into account the so called 3x3 rule, by means of taking the photographs
from different points around the studied statue (Arias, 2003). For the development of the photogrammetric work
small marks were used to establish topographical checkpoints and to facilitate the allocation of common points in
adjacent photographs.

It is necessary to keep in mind that each common element must be present in a minimum of three photographs,
and the overlap among them should be of at least a 50% and the surface of the object subject to model must
cover the most of the photography.

3.2.3 Topographical rise

Generation of the Digital Model of the place (landscape) where the Statue is located is suggested as necessary to
improve the view of the actual Statue 3D Model. The area of execution for the Digital Model of the place was of
8X7m. A netting or grid of 50 cm2 is constructed; to each vertex of such netting coordinates are determined by
means of using the method of simple radiation, like a kind of micro-topography work. They were obtained a
total of 458 points for the generation of the MDT observed in Figure 4. Upon finalization error of closing in
angle and distance was verified to ensure topographical work quality.

Figure 4: Digital model of the place (Landscape)

3.3 Third Phase — Lab-work.

Lab-work was carried out for processing the information previously collected. In this phase, the three-
dimensional models are created in order to reproduce the original structure to a fixed scale, so as to generate
models in format CAD and VRML. The Quadratic Medium Error (RMS) of the specific coordinates obtained
from the Checkpoints was of 3 mm for coordinates in X, and Y; and of 3.3 mm for the coordinates in Z.

3.3.1 Models Restitution

Once the information contained in the photography is escalated and oriented, a surface of the Statue is generated
by utilizing the tools that the software offers.
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Subsequently a Model of Virtual Reality VRML was generated as to obtain a virtual recreation of the statue,
which fuses with the information in format CAD, what produces the model of the Statue with the MDT. This
allows contrasting the statue with the original landscape where it is found at present (Figures 4 and 5.).

Figure 5: Model of Virtual reality - VRML

Figure 6: 3D Model (Renderized)

4 Conclusions

This is a methodological proposal for the geometric documentation of the archeological patrimony was carried
out, by means of using close range photogrammetry techniques for statue "God of the Sun or Triangular Face",
located in the archaeological park of San Agustin - Huila.

At the moment of taking the photographs, is important to use a camera with a minimum of 8§ mega pixels of
resolution, due some physical properties of the rocks in which the sculptures are carved do not permit an easy
identification of homologous mark points.

In order to achieve a better orientation of the photographs, for those pictures where the target sculpture does not
cover most of the photography due their geometry or locating, it is recommended to have a stiff structure. Such
structure must have a series of checkpoints well defined and differentiated so as to permit easy identification in
other photographs.

Alternative methods in the presentation of cartographic products were implemented, which at the same time
permit a more effective diffusion of the patrimony (Model of Virtual reality VRML).

As further suggestion it is recommended to implement this type of documentation in the rest of the
archaeological parks of the country, due it leads towards a prompt source for analysis of the archaeological
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inheritance. At the same time it creates spaces for social reflection around the importance of cultural inheritance
and enhances tourism to national and international level.
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ABSTRACT

Synthetic Aperture Radar (SAR) technology is fast gaining world wide recognition for various environment
resource management applications such as geology, hydrology, forestry, seismology etc. These two dimensional
applications can be further enriched and enlivened by their respective third dimensional data which are
basically their elevation data. Intrinsically, these Z-values information are obtainable within SAR technology
itself. By switching to interferometric mode (InSAR), Digital Surface Model (DSM) of the area can be produced.
1t is the intention of this article to highlight the repeat pass space-borne interferometric tehnology available for
such application. A pair of two overlapping images was acquired by TerraSAR-X satellite of a chosen test site
over Tanjung Malim area with moderate slope variation in both 15km by 50km ascending radar scenes. The
article reports the preliminary results obtained in the project.
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ABSTRACT

Recording digital aerial images using an airplane or helicopter equipped with a digital camera system, a gyro-
stabilized platform and a GPS receiver is state-of-the-art of aerial survey mapping services. This equipment is
expensive in acquisition. But also the running expenses, in particular the expenses for the flights themselves
carry considerable weight. The consequence is that the products of aerial survey like orthophotos, DTMs and
others are on a high price level. A way to reduce costs is to use more economical air vehicles and equip it with
highly efficient SLR cameras.

Gyrocopters are lightweight aircrafts of great simplicity, high mission readiness and low acquisition and
maintenance costs. With the increasing availability of Gyrocopters on the market the idea was borne to develop
a Gyrocopter based aerial imaging system. The paper presents our prototype system for recording aerial images
and shows first results of successful image flights. A test covers the downtown of Stuttgart. The results of the
aerial triangulation, orthophoto generation (using LiDAR data as DSM) and orthophoto mosaicking are
presented and discussed.

1 INTRODUCTION

The first aerial image was taken in 1858 in the French village of Petit-Bicétre from a balloon at 80 meters above
the ground. In 1906 the first aerial photo using a system of kites and wires was recorded over San Francisco. In
1909 Wilbur Wright took the first photography from an airplane over the town of Centrocelli, Italy [1]. Since
then, the equipment changed tremendously. Digital large and medium sized cameras and the use of a gyro-
stabilized platforms, GPS receivers and flight planning tools is nowadays state of the art of aerial imaging
systems. Those systems are highly productive in recording large areas but for smaller projects this leads to
considerable costs which exceed often budget limits of those projects. To capture aerial images on a high
photogrammetric quality level by using a Gyrocopter is the challenge of this research. Compared to airplanes and
helicopters the Gyrocopter is a cheap aircraft. Flights with the Gyrocopter are not more expensive than touring
with a car with the consequence that this opens new opportunities for creating low cost services based on aerial
survey. In particular developing countries may benefit from such a system, but it offers also excellent prospects
to enter the aerial survey market for small and medium sized companies in Europe.

The Gyrocopter was invented by Juan de la Cierva already in the twenties of the last century, but military
applications favoured the development of the helicopter. The Gyrocopter was registered for air transport in
Germany only in 2004 and in most other European countries in 2005. Like a helicopter, the Gyrocopter has
horizontal rotor blades, but compared to the former, these blades are not activated by a motor, but only driven by
the air flow. The propulsion of the vehicle is achieved by a propeller drive. The advantages of the Gyrocopter
are: 1) its high stability and security (there is no breakaway of the airflow if the velocity goes below a certain
limit; even a motor fail does not necessarily let the vehicle crash) 2) low acquisition prize 3) low consumption of
fuel and 4) the possibility to use normal fuel as gasoline.

The main idea of using a Gyrocopter in this research is to investigate low cost instruments (camera and GPS
receiver) mounted on a low cost platform. We intend to compete with traditional systems and find out the
strengths and weaknesses of using small size and low cost systems of aerial photography.
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In the following sections we discuss the experimental setup of our low-cost system and show fist results.

2 IMAGE FLIGHT AND PROCESSING

As with all projects of aerial photogrammetry a Gyrocopter based aerial mapping project has to be planned
carefully which includes flight planning, flight navigation, acquiring and processing aerial photographs.

2.1 Planning of the flight

By means of maps the starting and ending point of each strip is determined. Depending on the camera
parameters, the required scale (or resolution) of the images and the required overlap, the flight height and the
distance between the strips are defined. The speed of the Gyrocopter can be as slow as 80 km/h. With an
exposure time of 1/500 sec or 1/1000 sec only a moderate motion blur effects the images, and the exposure
frequency can be relatively low. This is beneficial in particular if a low cost camera and a standard computer are
used, since the storage of the images on the memory card or on the computer directly represents a bottleneck in
the data flow. The coordinates of the strip end points are inserted into the navigation tool. Due to the
manoeuvrability of the Gyrocopter, the reversing track loops can be small.

2.2 Flight navigation

Simple navigation tools are available in order to guide the Gyrocopter along the strips. Not offered so far are
autopilot solutions for Gyrocopters. For triggering the exposure points of time of the camera by the GPS
position, we have found it helpful to carry along a laptop. In this case, both GPS receiver and camera are
connected to the computer in order to control the camera shooting.

2.3 Aerial photography

As a serious problem of the aerial photography with Gyrocopters we expected vibrations of the vehicle. We
therefore mounted the camera inside a padded camera box, which on its part is attached on the undercarriage of
the Gyrocopter, see figure 5. We have encountered this kind of mounting as fully sufficient as no blurring due to
vibration was found. The camera box should be attached exactly horizontally on the undercarriage in order to
ensure vertical camera viewing during the flight.

2.4 Aerial Triangulation, Orthophoto and Mosaic Generation

Aerial Triangulation, Orthophoto and Mosaic Generation can be performed in the familiar way. Although
coordinates of the projection center of each image are estimated by the navigation tool, the use of ground control
points for aerial triangulation is necessary. They can be provided by GPS measurements on the ground or by
using other existing references (for instance maps or LIDAR points). If a low cost camera is used, particular care
should also be dedicated to the calibration of the camera parameters.

3 INSTRUMENTS, SOFTWARE AND DATASET

3.1 Instruments

With the intention of this research to use low cost instruments we decided to utilize equipment which is available
in our photogrammetric lab. Our first prototype system consists of a Canon EOS 350D SLR camera and a
handheld GARMIN GPS receiver 12XL. Anuar Ahmad from the University of Technology of Malaysia has
investigated a similar camera, the Canon EOS D30 SLR camera, and mounted it on an airplane. 30 aerial images
were taken from this camera in order to make a comparison with the large format aerial photographs. He reported
about a successful experiment and emphasized the need of a carefully calibrated camera [3].
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3.2 Software

3.21 EDSDK2.5API

EDSDK stands for EOS Digital Camera Software Development Kit. This application programming interface
allows the control of the camera from a host PC, in particular the exposure and the download of images to the PC
[4]. In this research the EDSDK2.5 is used to control the start, end and frequency of the camera shooting. The
exposure interval can be less than 1 second. The images of a strip have been buffered on the memory card and
stored on the PC before recoding the images of the next strip.

3.2.2 GPS track maker

““The GPS Track Maker program allows bi-directional data communications between GPS receivers and your
computer, including full data editing and storage options" [5]. This software establishes a connection between the
GPS receiver and the computer. It monitors the precalculated tracks as well as the observed GPS tracks in real
time on the screen. Utilizing the software has two main benefits: Firstly, the strips or the waypoints, respectively,
are visualized on the monitor together with the current position; therefore the navigation and real time control of
the flight path will be easy. Secondly the tool stores GPS positions with time stamps related to the camera
exposure time.

3.2.3 INPHO's photogrammetric system

Various components of Inpho’s photogrammetric system, in particular the ApplicationsMaster, MatchAT for the
aerial triangulation, OrthoMaster for orthophoto generation and OrthoVista for mosaicking are used for
photogrammetric processing of the images.

3.3 Dataset

LiDAR data are used to provide a DTM for the orthophoto generation and to extract suitable ground control
points, in particular height control points. The existing orthophoto of the city center of Stuttgart is utilized as
further source for collecting ground control points.

The GPS tracks recorded with the Garmin GPS 12XL are used to get approximate values for the coordinates of
the projection centers. The geographical coordinates are converted to UTM coordinates. The aerial images taken
by the Canon camera have a size of 3456 * 2304 pixels which corresponds to a sensor size of 22.2 * 14.8 mm?;
hence the pixel size is 6.42 micron. The area on the ground covered by an image is significantly smaller than the
area covered by professional medium and large format aerial cameras.

4 EXPERIMENTAL INVESTIGATION

Up two now we have performed two test image flights over the city centers of Kirchheim unter Teck and
Stuttgart, Germany. Figure 2 two shows the generated orthophotos derived from two strips of Kirchheim unter
Teck. The orthophoto mosaic (figure 3) shows that the first flight was already quite promising.

Figure 1: Derived orthophotos of Kirchheim Figure 2: Derived orthophoto mosaic of
Kirchheim

The second flight covered four image strips of the city center of Stuttgart. A flight height of 700 meter above
ground was chosen for this flight. The focal length of the lens is 70 mm, hence the image scale is around
1:10.000. For testing purposes a high length overlap of 75% and a side lap of 50% were chosen. With a projected
speed of the Gyrocopter of 100 km/h the time interval between two exposures was between two and three
seconds. Figure 3 shows the projected strips together with the waypoints and the actually flown tracks (GPS
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tracks) as monitored by the GPS track maker. The figure shows that even with low cost equipment a very
reasonable fight navigation could be achieved. The horizontal deviations between the flown tracks and the
projected strips are all within 10 m.

Figure 3: Position of the waypoints of the strips and the GPS tracks

But the GPS track maker monitored relatively large deviations of 20 to 50 meters between the scheduled and the
actual track in the vertical direction, probably due to the strong wind and the limitations of the flight navigation
tool. Visual inspection of the images (Figure 9) shows a good overall image quality.

Figure 3. Mounting the camera box Figure 4. Further impressions

For the aerotriangulation with MatchAT the GPS coordinates of the camera positions were introduced as
approximate location of the exterior orientation parameters. Approximate k values are derived from the recorded
tracks. The other two angles are approximated by zero. Including further parameters like the interior orientation
parameters the automated aerial triangulation was carried out. The block configuration is shown in Figure 5.

As mentioned before some ground control points have to be measured in order to estimate the exterior
orientation reliably. Figure 6 shows a sample from the LiDAR data set which was used together with an
orthophoto to digitize ground control points. The horizontal coordinates are taken from the orthophoto the height
from the LiDAR data.
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Figure 5: Whole block with GCPs and tie point shown in MatchAT

Figure 6: Sample of LiDAR range data used in this research

Figure 7 shows an example of a ground control point which was measured in three aerial images.

Ne 083_ .

Figure 7: Example of a ground control point measured in three images

For tie point extraction and matching in this project a 3 by 3 tie point pattern was used. The automated aerial
triangulation with five pyramid levels was running well with the aspired o, of 2.1 micron (One third of the pixel
size which in this project is 6.4 micrometer). An example of extracted and matched tie points is shown in Figure
8. In an urban environment the extraction of well defined features is not a problem at all.
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Figure 8: Sample of automatically extracted tie points

For the orthophoto generation, it is necessary to introduce a height model of the block. The interpolation of the
available LiDAR point cloud to a regular grid is done with OrthoMaster using a grid increment of 1 m. It is
important to know if there are gaps in the LIDAR data. In this case the acceptable maximum distance between
the grid points and LiDAR can be adapted. Otherwise there will be gaps in the orthophotos. The pixel size of the
orthophoto was defined as 10 cm.

Figure 9: Footprint of the orthophotos Figure 10: Orthophotos introduced to OrthoVista

Footprints of the generated orthophotos are shown in Figure 9. The orthophotos are introduced to OrthoVista to
create one seamless orthoimage mosaic with 10 cm ground pixel size. Because the weather conditions were not
changing (it was a sunny day without clouds) during the photography of the block, the adjustment option can be
set to default. The image group adjustment is selected as global tilting adjustment in order to avoid radiometric
differences between the images. [8]
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Figure 11: The generated orthomosaic, Stuttgart Figure 12: University of Applied Sciences
(HFT) Stuttgart

The final result of the generated orthophoto mosaic is shown in Figure 13. The zoomed window shows some
buildings of the University of Applied Sciences.

5 CONCLUSION

The main purpose of this research was to start the development of a low-cost prototype system for aerial survey
and show that a photogrammetric product like an orthophoto with a 10 cm ground resolution can be acquired and
generated with low cost equipment mounted on a Gyrocopter. Even though the quality investigation with the
derived orthophoto is left for the future, the first results shown in Figure 13 are quite promising. Errors in the
orthophoto which can be noticed at the boundaries of the buildings are a consequence of the interpolated LIDAR
data. No errors have been observed along seamlines which indicates that the images acquired from the
Gyrocopter with a low-cost SLR camera have the potential to compete with professional photogrammetric
equipment. Visual inspection shows further that colors and sharpness of the generated orthoimage mosaic are
equivalent the standard orthoimages. Due to its low acquisition prize and low fuel consumption, the Gyrocopter
is a very economic platform for image flights.
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ABSTRACT

This presentation outlines current developments in the field of Photogrammetry and neighbouring fields. Small,
medium, and large Frame Sensors are evaluated as well Pushbroom Sensors. Data of different sensors systems
have to be combined using sensor fusing techniques. The trend towards digital systems is still increasing. The
new digital sensor systems put new demands on processing systems, but allow a higher degree of automation.

In a further part, the new software versions of INPHO are presented which are developed for meeting these
demands, especially for larger projects. MATCH-AT 5.1 supports fully automated digital Aerial Triangulation
combining automatic tie point measurement and robust bundle adjustment. MATCH-T DSM supports fully
automatic DTM/DSM generation. Interpolation and Management of Terrain Models can be done with SCOP++
and TopDM.

The software packages emphasize that INPHO's portfolio covers the entire workflow of photogrammetric
projects, including aerial triangulation, stereo compilation, terrain modelling, orthophoto production and image
capture. In addition, INPHO offers innovative software solutions for processing digital terrain models, including
advanced filtering and editing of LIDAR data. Since its foundation in 1980 by Prof. Fritz Ackermann, INPHO
has gained excellent credit as a provider of first-class software products offering supreme quality, high degree of
automation and unsurpassed productivity.
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ABSTRACT

The nature of land title and cadastral (LTC) data in the Turkey is dynamic from a temporal perspective.
Functional requirements with respect to the characteristics are investigated based upon interviews of
professionals in public and private sectors. These are; Legal authorities, Land Registry and Cadastre offices,
Highway departments, Foundations, Ministries of Budget, Transportation, Justice, Public Works and Settlement,
Environment and Forestry, Agriculture and Rural Affairs, Culture and Internal Affairs, State Institute of
Statistics (SIS), execution offices, tax offices, real estate offices, private sector, local governments and banks.
This needs not only updated but also temporal data. The investigations ended up with determine temporal
analyses of LTC data, traditional LTC system and tracing temporal analyses in traditional LTC system. In the
traditional system, the temporal analyses needed by all these users could not be performed in a rapid and reliable
way. The reason for this is that the traditional LTC system is a manual archiving system. The aims and general
contents of this paper: (1) define traditional LTC system of Turkey; (2) determining the need for temporal
analyses of cadastral and land title data; (3) explain the temporal analyses in traditional LTC system (4) explain
problems of temporal analyses in the traditional LTC Systems. As a results of temporal analysis needs, new
system design is important for the Turkish cadastral system. Designing and realizing an efficient and functional
cadastral Temporal Geographic Information System (TGIS) is inevitable for the Turkish traditional LTC system.
Finally this paper outcome is creating infrastructure for design and develop cadastral TGIS of Turkey.

1 Introduction

LTC data has two components; Land title data and cadastral data. Land title data includes such information as the
owner and ownership rights. Whereas, cadastral data defines the location, shape and size. In Turkey these two
components are handled by land title and cadastre offices which are separate state departments. Therefore, a real
estate is legally defined by its “registered” information maintained by both departments. LTC data is a very
dynamic nature. It ever changes in time for a number of reasons. Rapid urbanization in Turkey is one of the
reasons. That is, more and more buildings, apartments, and offices are built every day. Another reason is the fact
that real estates have always been amongst the most popular investment instruments in Turkey and the country
has a very dynamic economy. That is, every single day and hour people buy and sell real estates. Similarly,
subdividing or combining parcels geometrically when applying zoning plans or changing the ownership rights
when setting a mortgage on a land parcel are amongst everyday transactions in a land title office. Either land title
or cadastral data changes at the end of some transactions.

Real estate data has a great variety of users; legal authorities, various state organizations, private sector
companies, local governments, owners and many others need this data. This need is not only for updated but
also for “temporal data” which mean the data concerning the past or history of real estates. What is meant by
“temporal analysis” is an analysis which is able to work on temporal data. An example would be “all the real
estates owned by person “X” as of August 19, 1990”. Person “X” may not own anything today but say some
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land parcels in the past. Therefore, to be able to carry out a temporal analysis historic data is needed. In this
work, many examples of temporal analyses needed in practice by various user communities were identified. A
thorough examination of these examples has shown that they are of two general types. This matter is explained in
objective of the research for temporal query needs section.

Traditional LTC system enables temporal analyses. Nevertheless, in most of the cases performing an analysis
may be a tedious, time consuming, and error-prone task. One of the reasons of this is that temporal analyses may
be rather complex. Consider for instance the case of a zoning plan application by law, which is a very common
in Turkey, was objected by the owners and the court had decided to cancel the application. These applications
are for producing land parcels meeting zoning plan specifications from cadastre parcels. At the end of such
applications, cadastre parcel owners are “distributed” new parcels which may be different in size, shape, and
location compared to the cadastre parcels which he/she owned before the application had been effected. In
addition new parcels are drawn on cadastral map sheets and are “registered” to land title registers by their new
owners. In many cases these applications are objected and taken to courts. Unfortunately courts cannot decide
quickly and in the meantime additional changes in the status of the new parcels may happen. In most of the cases
courts decide on the cancellation of the application. What happens in this is a “nightmare” since what is involved
is the “establishment” of a “past” status from the “current” status in a manually maintained archiving system.

What are needed are the computerized database systems which would enable “quick” and “reliable” temporal
analyses. Current database systems and popular Geographic Information Systems (GIS) have adopted some
solutions. For instance, Arc/Info employs its versioning system to trace temporal changes. Intergraph uses a
similar approach (Esri, 2002; Roux, 2003). Although there is no commercial system in the marketplace yet,
temporal database systems and Temporal GIS are very active research areas at the moment. There is a great
amount of literature on the topic (Peuquet, 2001). The main problem, at the moment, is the lack of a widely
accepted “spatio-temporal” data model. Therefore, only prototype systems, which are geared towards a specific
application area, have been proposed up to date (Narciso, 1999; Pang, 1999).

First traditional LTC system is studied and explained. With the objective of specifying LTC data, some
investigations are performed in government foundations, private sector companies, courts, banks and citizens.
Determining the need for temporal analyses of LTC data is thus accomplished. It is explained how temporal
analyses are implemented in LTC system. Finally, problems encountered at the realization step of LTC step are
addressed.

2 Current Cadastral and Land Title Systems

In the current land title and cadastre system of Turkey, real estates such as land parcels, buildings, apartments,
business offices etc. are defined with two general types of information. These types are named as “land title
data” and “cadastral data” in this article. Land title data involves ownership identities such as name, last name,
father name of the owner. The date and transaction via which the ownership was obtained is also involved. In
addition, ownership rights and responsibilities such as mortgages on the estate, rights of third parties on the
estate are components of land title data. Cadastral data, on the other hand, determines the location in a coordinate
system and the shape of the estate. At the moment, cadastral data is maintained in either analog or digital
medium. In Turkey, both types of data are handled by two separate state organizations; land title offices and
cadastre offices which are operated under the General Directorate of Land Registry and Cadastre belongs to the
Ministry of Public Works and Settlement.

Various technical documents were produced via property cadastre and transaction of changes LTC data in the
cadastre offices. Cadastral documents were archived in cadastre offices as a result of property cadastre. Other
technical documents were archived in land title offices. In this part, cadastral document were explained on the
cadastral archives.

Parcel Files: Parcel files were produced case of district or villages. Information paper was produced first section
number start from 1 for each village or district. Thus, determine which parcel belongs to which section.
Information of section, area and after and before data of parcels was shown parcel files. Parcels geometrical
changes were traced via parcel files. This means that first record between last record information was also
determined by parcel files.

Table for Cadastral Block Monitoring: It is a table constituted to monitoring changes in sections. District based
block numbers and sheet data of sections in concerned district are hold in these tables.
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Parcel Dossier of Property Cadastre: It consist of boundary and survey sketches, calculations and benchmarks
of triangulation points and traversings, surveys of cadastral parcels produced in property cadastre works. Parcel
dossier of property cadastre is archieved as district/village and section based.

Parcel Dossier of Change Procedures: 1t includes all change projects produced after cadastral work and required
official registration. Change projects are archieved in parcel dossiers of change procedures as district or village
based. One copy of these projects is also archieved in the district office and in the land registry office.

Cadastral maps. These are the plans in which cadastral parcels is drawn in a specified scale.

There exist a number of registers in a land title office. Land title data has to be registered in these registers to
become legally valid. These registers, shown on Table 1., are named as “main” and “auxiliary” registers. These
registers are currently maintained manually. The function of each register is shortly explained below.

Main registers Auxiliary registers
Land title register Owners register
Real estate register Representatives register
Transactions register Corrections register
Legal documents Public owned lands register

Table 1: Land Title Registers (Ayan, 2000; Karagdz, 1999)

In Turkey, land parcels are registered in the land title register while buildings, apartments, and business offices
which are commonly called “independent parts” are registered in the real estate register. There is a separate page
for each real estate in these registers. If the page is full then the registration goes onto another page which is
maintained by a number. Land title register includes parcel and owner information and ownership rights and
responsibilities. In addition to these, real estate register includes the share of the estate on the parcel it was built,
and page number of the parcel in the land title register. To track the previous and next states of the real estates,
there also exist “Previous” and “next” page numbers in these registers. Land title register and real estate registers
are archived by district names.

Transactions register is for keeping the track of the transactions on the basis of hour and minute of the
transaction. That is, any transaction on a real estate is recorded in this register by its time. Recorded information
are the transaction number, the type of transaction, the hour and minute of transaction, the name and address of
the person for whom the transaction is committed, the general location of the real estate, and the number of legal
documents concerning the transaction. There is only one transaction register in a land title office. And
transaction numbers start from “1” for each year.

Legal documents are deeds, plans, court decisions etc. related to the land title transactions. These documents are
archived by district names, land title and page numbers. Owners register shows all the real estates which belong
to an owner. There is a separate page for each owner. Through this, it is possible to see the previously and
currently owned estates of an owner. Owners register is archived by owner’s last name. Representatives register
is for monitoring the legal validity of a representative of an owner at the time of a transaction. Corrections
register is for correcting the errors which may occur during registration. Public lands register is held for the lands
which are subject to common use.

3  Objective of the Research for Temporal Query Needs

To determine the need for temporal analyses on land title and cadastral data, the needs of the related state and
private sector organizations were investigated. Some of these organizations are government foundations, courts,
banks and private sector were taken into account. One of the areas where the need for temporal analyses is rather
critical is the cases taken to courts. A great many of these cases require a backward analyses and in Turkey a
great many of the cases are related to land and real estates. The entire interview results were identified next
subsections.

3.1 Preliminary Research, Questionnaire and Personnel Interview

Preliminary research on the all the target groups was conducted through a literature review on their business
processes and job specifications. It started with finding out what these groups do with temporal LTC data and
whether the business processes can be translated in the current framework. The study came up with a list of
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functional requirements for a spatio-temporal aspect. As a consequence of the findings, the writer created a
survey questionnaire (Appendix). Because a personnel interview was planned, the questionnaire does not really
follow the rule of short or simple supporting a 30—120 min interview. Twenty five professionals in all target
groups were interviewed and audio was recorded for the future analysis. A personnel interview is time
consuming in comparison with medium-based surveys such as letter, telephone, and e-mail; however, the
interviews were very fruitful from the perspective of confirming what the personnel do with spatio-temporal
aspects of LTC data. Based on the findings, the functional requirements are summarized and categorized at the
table 2. Therefore, these cases were also investigated. As a result, a great variety of temporal analyses were
identified (Appendix).

3.2 Classification of temporal LTC data

Temporal analyses of real estate data may be classified differently depending on the classification scheme. .
Langran (1993) has classified temporal analyses as “simple temporal query”, “simple spatio-temporal query”,
“temporal range query” and “spatio-temporal range query”. In his Ph.d. thesis, Al-Taha (1992) has classified

temporal analyses as “point-based” and “interval-based

In this work, Al-Taha classification is used. Results of temporal queries according to selected classifications are
given below.

3.2.1 Point —Based Temporal Analysis

This type of analyses queries the status of real estates at a given “point” in time such as March 12, 2001 or 10:30
am on May 19, 1980. Although many examples of this type may be given, some of which given below would
suffice:

= In an inheritance case a court may request all the real estates which were owned by the dead person
before the date of the death.

= Determining of current property ownership in a court case. (i.e. ascertaining whether the plaintiff owns
the property on the date of court trial)

= In Turkey, real estate taxes are determined with respect to owner declarations. Since it is not easy to
control owner declarations by traditional means, real estates are either not declared or declared with a
much lower tax. Therefore, up to 70% tax losses are reported (Comert & Akinci, 2002). For many
controls in taxing a temporal analysis is needed since by the controls are done, real estates might have
undergone many land title transactions. As an example, determining missing declarations of an owner
for a given date in the past can be considered.

=  Mortgage offices, banks or courts may request all the “mortgaged” real estates of an owner at a given
date.

= Checking the real estate before and after the property cadastre whether it is owned by the General
Directorate of National Estates (GDNE) against any miss registration.

= Checking the real estate that is supposed to be registered for GDNE after the property cadastre on the
claim of citizens.

= Qetting of real estates’ LTC data for property cadastre rejection courts.

=  Municipalities, courts and other user needs snapshot of a selected area for any time.

3.2.2 Interval — Based Temporal Analysis

This type of analyses queries the status of real estates for a given “interval” in time such as the one between
April 30, 1974 and June 15, 1976. Like point-based analyses, there may be many examples of this type, some of
which are given below:

= All the real estates sold by the state in the last 10 years. This may be needed in determining, for
instance, “who the buyers of state land were”.

= In an inheritance case, upon heirs appeal, a court my need to determine all the real estates “sold” by the
death person at a given period.

= Tax offices control the income tax of real estate owners.

= All the real estates which were subject to any kind of transaction during the past month. This is needed
by tax offices to check the taxes collected by land title offices.

= All the real estates which had changed its owner by such transactions such as sale in a period of less
than four years. This is needed by the ministry of budget to charge value added taxes.

= Determining of real estates of those who exposed to execution.

= Investigation by banks for mortgage records of their customers.
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= Tracing of real estates belongs to foreign owners.

=  Determining statistical data of real estates.

= Scrutinizing property ownership of civil servants.

= In a land privatization case, a court may need to examine a land parcel’s various qualities such as its
area before the privatization.

= Similarly, in a land consolidation or land rearrangement case, a court may need to examine a land
parcel’s various qualities such as its location, share holders before the application.

= All the real estates which were owned by the ministry of culture in the past 20 years. This may be
needed in determining the illegal uses of cultural heritages.

= All the state owned forests which had gone through private ownership via some transactions between
1961 and 1981. This is needed by the ministry of forests to determine illegal uses of state owned forests.

With respect to classification, functional requirements are also summarized in Table 2:

Functionality 1 2 3 4 5 6 7 8 9 ! i ! ;
Temporal X X X
topology
Snapshot X X X X
Retention of
historic data X X X
Temporal query
of LT data X X X X X X X
Temporal query
of LTC data X X X X X
Spatio-temporal
query of LT data X X X X X
Spatio-temporal
query of LTC X| X| X X X | X X| X
data

1) Courts, 2) GDNE, 3) LT and Cadastre Offices, 4)Ministry of Budget, 5) Banks, 6) Private sector and organizations, 7)
Executive offices, 8) Municipalities, 9) Ministry of Environment and Forestry, 10) SIS, 11) Internal Affairs, 12) Ministry of
Culture and Tourism, 13) Other private organizations.

Table 2: Summary of User Need Assessment

4 Temporal Analyses in the Current Cadastral and Land Title Systems

In the traditional system both updated and historic data are manually archived. There are several mechanisms of
this archiving system to enable temporal analyses. One of them is that the updates are done such a way that the
“old” information will not get lost. As mentioned above, in updating the land title data, the old information is
lined over by a red pen so that it can still be read. Cadastral updates are done in a similar way by marking old
data as invalid rather than erasing it totally. The other mechanism is page numbering; there are “previous” and
“next” page numbers in the land title registers to track down temporal changes. Finally, every transaction is
registered by its hour and minute to the transaction register. Workings of these mechanisms are given below via
the steps of registering a “consolidation” operation. A consolidation operation involves consolidation an existing
parcels into one new parcels geometrically. This operation requires updates on both cadastral and land title data.
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Figure 1: Illustrates the steps of these updates.
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Figure 1 Steps of land title and cadastral updates after a “subdivision” operation on a land parcel.

e  Cadastral update is done in the related map sheet by drawing the new parcel with their new number and
lining over the original parcel number.

e Transaction is registered to the transaction register by its type, hour and minute with a transaction
number. Related page numbers of land title register are also written on the same page of the transaction
register.

e The page of the land parcel in the land title register is canceled and new page for the new parcel are
opened. In addition, new page number is written on the canceled page as “next” page numbers.

e  Owner information and ownership rights of the new parcels are registered to the newly opened page of
land title register. Land title page number of the original parcel is written down on each new page.

5 Problems of Temporal Analyses in the Traditional Land Title and Cadastral
Systems

It is possible to carry out temporal analyses in the traditional archiving system. Nevertheless, the traditional
system has some problems due mainly to the fact that it is maintained manually. The problems can be classified

as “response time”, “reliability of results”, “weakness of service quality” and “economical loss” which are
explained below.

5.1 Responsetime

Temporal analyses may be rather slow in the traditional system since required data are retrieved sequentially. Let
the analysis of the states of all the real estates sold by an owner for a given period of time is taken as an example.
Such an analysis is needed, for instance, in determining to whom the state owned lands are sold in the last 10
years. State owned lands approximately %50 percent of Turkey (URL-2, 2004; URL-3, 2004).

The steps of performing such an analysis in the traditional system are as the following:

1. Transaction registers of the last 10 years have to be searched for “sale” transactions by the “state”. For
all such transactions, transaction numbers, and the page numbers of the real estates in the land title
register (LTR) and real estate register (RER) are recorded manually. Here, transaction registers are
searched sequentially row by row. Therefore, the time needed for this search depends on the number of
transaction registers to be searched.

2. LTR and RER pages of each real estate are reached via the page numbers and related district names
obtained in the first step. Afterwards, at each LTR and RER page, a search of the raw with the
corresponding transaction numbers found in step “1” must be done. This may require searching many
LTR and RER pages. Because LTR and RER are archived by district names and there may be more than
one register for a district since each register has only 100 pages. Therefore, although it may not be so
intensive as the step “17, this is a tedious search as well. And the time needed will mainly depend on the
number of the real estates to be checked.

5.2 Reliability of the results

As explained in the example in before, analyses are performed by manual means in the traditional system. This
means that all the searches and manual recordings are error-prone. In addition, since temporal analyses are rather
complex operations, controlling procedures are at least as complex as the analysis itself. Therefore, the reliability
of the analyses cannot be guaranteed in the traditional system.

In fact, there are some mechanisms to speed up searches and to help ensuring reliability. For instance, all the real
estates owned by an owner currently can be obtained directly from the owners register. However, due to the facts
that updates are done manually and there are no “auto-control” mechanisms in the system, information in some
of the registers such as the owners register may not be reliable.

Because of the fact that the temporal analyses are time consuming and result may not be reliable, many
organizations prefer doing the job by their own. For instance, the project of determining state owned real estates
is undertaken by the related General Directorate itself. This means a waste of resources and a great loss of
revenues on behalf of both land title and cadastre other organizations.
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5.3 Weakness of service quality

procedures in current related regulations, the institutions and organizations requiring land registry and cadastre
data could be getting these data in long period of time. This situation leads to delay in services of these

institutions and organizations. For instance, as a result of delay in some processes like “transaction”, “mortgage”,
etc., clients apply to illegal ways to fulfill their processes.

Non-updated address information of real estate owners is another issue originating from deficiency of current
system. In some ex-officio applications like land readjustment, expropriation, selling of sequestered real estates,
etc., notification is sent to the real estate owner’s address in accordance with land registry records. In such cases,
because of the non-updated address records, some real estate owners could not be aware of the application.
Therefore, real estate owners could not use their rejection rights to these applications and this leads to
damnification of them.

5.4 Economical loss

Accuracy and rapid level of traditional land registry and cadastre system lead to economical loss. An important
reason of delays of real estate related suits is insufficiency of traditional land registry and cadastre system.
Prolongation of suit processes makes courts busy and this also leads to rising of physical burdens of natural and
legal persons. Only 35-40% of the land registry and cadastre related suits could be concluded in the same year
(URL-1, 2004). For example, long suit time for a rejection to an officially registered zoning plan application
retains the landowners from disposing on their new development parcels. An another sample, when a debtor real
estate owner want to sell his real estate and to pay his debt, he could not sell it, so, that real estate could be sold
with low price as a result of sequestration. Also, the contractors and the real estate owners carrying on building
construction leave the construction in court process and so deprive from economical gain. In case of cancellation
of the application, new additional economical losses will arise. If buildings have been constructed on such areas
as school, mosque, gendarme station, municipal service area, these buildings lost their legal situations when the
application is cancelled. The legal situation could be established only with a new application. If cancellation also
comprises the official buildings, the same land can not be allocated to the official buildings. Because of the
already constructed buildings, government has economical loss. As a result of allocation, the buildings
constructed on development parcels could be registered as condominium to land registry. After cancellation of
application, in new case, there could be need for the same type allocation of these buildings’ parcels and re-
registration to land registry. Thus, the contractors who have unsold independent parts, only at the end of this
process could be carrying out these processes. So, they have economical loss in the in this period.

Another example for economical loss is the one due to restricted access of state organizations to the traditional
LTC data. Rapid access to LTC data is therefore not possible and each organization produces its own data. This
leads to delayed execution of public works from state organizations and this in turn causes also economical
losses. An organization may not track its asset of real estates and further their use changes in time. As a result of
the absence of appropriate tracking, organizations may not rent, sell or use their real estates for building facilities
and they are exposed to economical losses (URL-4, 2004).

On the other hand transactions conducted by LTC Offices such as sell, mortgage and zoning plan applications
are 2 million per year in average (DIE, 2001). Transactions in traditional LTC system like transition,
condominium, share-out are requested in low rate because of long execution time of them. Charge income from
transactions in 1995 amounts to 160 M$ and 280 M$ in 2000 (DiE, 2001; TKGM, 1997). Low transactions rate
causes low income charge values for the state. Raising the number of transactions will lead to increase in charge
values and taxes and state economy will profit from it.

6 Conclusion and Future Works

In this research, the target groups for the cadastral TGIS to fit with the nature of the Turkey cadastre were
identified: government foundations, private sector companies, courts, banks and citizens. Interview with the user
who needs temporal LTC data, all the temporal analyses which are required by the user have been determined.
The functional requirements were classified through interview and discussion with professionals in the target
groups for cadastral TGIS requirement and implementation. Besides, temporal queries example was explained in
the traditional LTC system. Temporal analyses could be executed in the traditional LTC system, but there are
problems with it. These problems were classified and detailed clarify. As a result of this needs, new system
design is important for the temporal LTC data. Finally, designing and realizing an efficient and functional
cadastral TGIS system is inevitable for the Turkish traditional LTC systems.
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APPENDIX: Questionnaire Surveys
a.  What is the name of current organization or department you belong to?
= (Cadastre office
= Land title office
Courts
GDNE
Municipality
Tax office
Executive office
= Others (please describe it)
Does your organization use temporal LTC data Yes/No
If yes to question 2, what kind of temporal LTC data please answer the other queries.
Snapshot (e.g., produce a parcel coverage (both of spatial and attribute data) at August 28, 1998).
Basic time query — asking when (e.g., what is the information of Ahmet AYAR own parcel?)
Attribute query—asking what (e.g., what was the owners and owners lot of the parcel on July 20, 1997?)
Temporal lineage (e.g., list all attribute of the parcel and graphic positions)
Space query — asking where (e.g., where is the parcel owned by Ahmet AYAR on April 01, 2001)
Space and time query — asking where and when (e.g., where are the parcels ever owned by Ahmet AYAR
and when did he own them?)
j. Attribute change detection (e.g., mark all the parcel for which owners were changed between January 1,
1995 and January 1, 2003)
k. Others? (please describe it)
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