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Chapter 7. GIS in Data Integration
1. 7.1 Introduction
In this module we aim to give an overview on how to integrate different data sources into geographic
information systems, from the sources provided by previously described data acquisition methods.
As preliminary comment I should like to note that, as GIS community is under permanent change, there are a lot
of free GIS software are available, which can be used in data integration. On the contrary as our Faculty using
mainly ArcGIS software products, the examples in this module derive from this software. Generally the
functionality and the aim of the different softwares tend to be similar, so the theory highlighted in this module
can be used in the different software environment as well.

2. 7.2 Definition of data integration
Data Integration is widely used in different areas of scientific circles and ordinary life as well. Data integration
means combining Data coming from different sources and providing users with a unified view of these data.
This process becomes significant in a variety of situations both commercial (when two similar companies need
to merge their Databases) and scientific (combining research results from different repositories). Data
integration appears with increasing frequency as the volume and the need to share existing data
explodes.(source: http://en.wikipedia.org/wiki/Data_integration).

Figure 7.1 The schema of Data Integration (Source: Wikipedia)
A lot of theoretical work dealing with data integration, and numerous open problems remain unsolved. In 2010
some of the work in data integration research concerns the semantic integration problem. This problem focuses
on resolving Semantic conflicts between heterogeneous data sources. For example if two companies merge their
databases, certain concepts and definitions in their respective schemas have different meanings. A common
strategy for the resolution of such problems involves the use of Ontologies (computer science) which explicitly
define schema terms and thus help to resolve semantic conflicts. This approach represents ontology-based data
integration.
The above mention methods and theories apply to data integration in GIS as well. In GIS the integration of data
provides the ability to ask complex spatial questions that could not be answered otherwise.
The GIS expert created this definition:
„High degree of interconnection between two or more programs or datasets, in which they share a common
schema, ontology, semantic approach, or method that allows information to be passed between them without
being fully processed. „(http://wiki.gis.com/wiki/index.php/GIS_Glossary/I)
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We need to integrate many different data types for our analyses.
• Multiple use of existing data for full exploitation
If we have different data set the necessity of data conversion will be arise and then we should decide which
conversion method to apply?
Decomposition of reality is consisting of different database. We can build databases with different entities,
which mean that real word is modelled in way user can exploit data more effectively.

Figure 7.2 How do you store street data? (source: Guszlev A. : EDUGI course material)
We can decide what kind of GIS layers will represent our reality.

Figure 7.3 The schema of reality with the layers of GIS (source: Guszlev A. : EDUGI course material)

2.1. 7.2.1 Data conversion
If we would like to make some spatial analyses between different data (stored in different layers) we need to
convert the different data model. It is our responsibility to decide which data model we would prefer. It depends
on the aim of the project, the storing capacity, the available data.
Rasterization
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Rasterization means the conversion of points, lines, and polygons into cell data. The term rasterization can in
general be applied to any process by which Vector graphics information can be converted into a raster format.
In ArcGIS we can use To Raster in the Conversion tools for rasterization of point, line polygon etc. data.

Figure 7.4 “To Raster” function

Figure 7.5 Rasterization (source: Guszlev A. : EDUGI course material)
Vectorization
The vectorization is the conversion of raster data (an array of cell values) into vector data (a series of points,
lines, and polygons). In GIS software there are settings that allow users to control the conversion of raster data
to vector data. For example, vectorization settings may allow users to select which raster cells are eligible for
vectorization or specify how the geometry of the output vector data will be constructed during
vectorization.(source: http://wiki.gis.com/wiki/index.php/GIS_Glossary/V)
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Figure 7.6 Vectorization (source: Guszlev A. : EDUGI course material)
In ArcGIS we can use ArcScan for vectorisation. ArcScan provides tools that allow us to convert scanned
images into vector-based feature layers. Vectorization can be performed manually by interactively tracing raster
cells or automatically using the automatic mode.

Figure 7.7 The ArcScan toolbar and its functionality.

Figure 7.8 The Raster Painting toolbar supports a variety of tools designed for drawing and erasing raster cells.

Figure 7.9 These settings allow you to dictate which raster data can be vectorized and how the geometry of
output vector data should be constructed.
If we don‟t have “digital” data for our analyses, we should create ourselves with some data acquisition method.
In the previous modules of data acquisition you learnt about different method of producing satellite images,
orthophotos, and other raster dataset. Also you learnt the primary method of the data acquisition: surveying,
laser scanning and LIDAR. But there are other possibilities to gain data as well.
The characteristics of vector data input:
• DIRECT TRANSLATION OF VECTOR DATA
• GPS DATA (field work, accuracy, principles, diff. GPS)

4
Created by XMLmind XSL-FO Converter.

GIS in Data Integration

• X,Y DATA
• DIGITALISATION (on-screen)
• Manual on a background
• New data
• Update data
• SCANNING (AND VECTORISATION)
• Digitizing method of an analogue map
• Binary format (0-1)
• Level of detail: dpi (dot per inch)
• Vectorization of a scanned doc with „tracing‟
The characteristic of attribute data input:
• Feature attribute tables are organized in rows and columns
• Types of attribute data:
• Categorical
• Numerical
• Field definition and methods of entry
• Manual
• Data classification
• Data computation
It is essential to be conversant with the types of attribute data:
1. Qualitative and quantitative: Qualitative characteristics of the objects can refer to its name, type (e.g. soil
type). Quantitative property of the data is a number. This number can refer also to an absolute or a relative
value. These characteristics are usually distinguished on a number of measurements scale. (Kraak, 2003)
a. Nominal scale: ”Attribute values are different in nature, without one aspect being more important than the
other”. (Kraak, 2003)
b. Ordinal scale: Attribute values are different from each other, but there is a single way to order them. (e.g.
warm)
i. Interval scale: Attribute values are different, can be ordered and the distance between the different data
can be determined with measurement. (e.g. Temperature)
a. Ratio scale: Attribute values are different and can be ordered. The distance between the different data can
be determined with measurement and these measurements can be related to each other.
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Figure 7.10 Attribute data types (source: Guszlev A. : EDUGI course material)

Figure 7.11 Attributes data in the database of ArcGIS
ArcGIS interoperability options:
• Directly use and translate any vector, raster, and tabular data format.
• Strong support for CAD interoperability.
• Open support for Open Geospatial Consortium (OGC) data management specifications such as GML
(Geography Markup Language), WCS (Web Catalog Service), WFS (Web Feature Service), and so on.
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• Openly support geodatabase management in any viable RDBMS and file system:
• Oracle
• SQL Server
• Informix
• PostgreSQL
• Support SQL access to geodatabases.
• Publish key GIS formats from ESRI as developer APIs.
• Compile and share common GIS data models based on standards.
The ArcGIS system conforms to open standards, enterprise information technology (IT), and Web computing
frameworks. This ensures that users can incorporate GIS in any application and on a variety of computing and
mobile devices and can use geographic information accessed from multiple databases and Web services. Here
are some key interoperability aspects of ArcGIS.
Web standards
Standards-based Web services and messaging protocols, such as XML, Simple Object Access Protocol (SOAP),
and REST, are fully supported in ArcGIS.
Data Interoperability of ArcGIS:
In addition to geodatabases, GIS and geospatial data ArcGIS can handle hundreds of file formats coming from
many organizations worldwide. You can read more about data support at “An overview of data support in
ArcGIS” (ESRI webhelp).
ArcGIS contains optional software that can extend its core support for working with many GIS data formats.
ESRI and Safe Software, the world leader in geospatial data interoperability, have integrated the popular Safe
Software FME product into ArcGIS as an optional extension product, the Data Interoperability Extension. This
enables ArcGIS to recognize dozens of additional nonnative formats and allows you to work with them directly,
just as you would work with native ArcGIS formats. The Data Interoperability Extension also gives you the
ability to define new custom data sources and define data transformation procedures that help you perform
advanced data transformations between a variety of GIS and tabular data structures.” (source:
http://help.arcgis.com/en/arcgisdesktop/10.0/help/index.html#//004m00000001000000.htm

3. 7.3 . Data integration –Derived products
Examples of outputs:
• Coordinates
• Digital maps
• Thematic maps
• Orthophotos
• DEM (Digital Elevation Model)
• Metadata
• etc.
In the previous modules of Data Acquisition and Information you could learn about coordinates, ortophotos,
digital maps etc. In this chapter we would highlight mainly the aspect of thematic maps and metadata.
Thematic maps
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• Presenting the results of an analysis
• Thematic maps show the spatial distribution of one or more specific data themes for standard geographic
areas.
• The map may be qualitative in nature (e.g., predominant farm types) or quantitative (e.g., percentage
population change).

Figure 7.12 Option for symbolizing qualitative attributes in ArcGIS
Classification methods for ArcGIS: (Source ESRI)
• Natural Breaks Class breaks occur where there is a gap between clusters. Use this method if your data is
unevenly distributed; that is, many features have the same or similar values and there are gaps between
groups of values.
• Equal Interval each class has an equal range of values; that is, the difference between the high and low value
is equal for each class. Use this method if your data is evenly distributed and you want to emphasize the
difference in values between the features
• Defined Interval we define the interval and the program count the number of classes.
• Quantile : each class has roughly the same number of features. If your data is evenly distributed and you want
to emphasize the difference in relative position between features, use the Quantile classification method.
• Standard Deviation class breaks are placed above and below the mean value at intervals of 1, 0.5, or 0.25
standard deviations until all the data values are included in a class.
• Geometrical interval class ranges are based on intervals that have a geometric sequence based on a multiplier.
The method creates these intervals by minimizing the square sum of elements per class; this ensures that each
interval has an appropriate number of values within it and the intervals are similar. This algorithm was
specifically designed to accommodate continuous data.
• Manual, the classintervalls can be chosen optional.
Ortophoto (source: Guszlev A.: EduGI course material)
In the previous chapter you could learn about the definition and the production of ortophoto. In this modul we
only highlight the facts and problems which can have an affect on data integration.
An orthophoto is an aerial photograph which is geometrically corrected ("orthorectified") in that way that the
scale is uniform. The photo has the same lack of distortion as a map. Unlike an uncorrected aerial photograph,
8
Created by XMLmind XSL-FO Converter.

GIS in Data Integration

an orthophoto can be used to measure true distances, because it is an accurate representation of the Earth's
surface, having been adjusted for topographic relief, lens distortion, and camera tilt.
Orthophotos are commonly used in the creation of a Geographic Information System (GIS). Software can
display the orthophoto and allow an operator to digitize or place features (point line, poligon), text annotations
or geographic symbols. Some software can process the orthophoto and produce the objects (features)
automatically. (Source:http://en.wikipedia.org/wiki/Orthophoto)

Figure 7.13 Ortophoto properties
Measurements possible (limited by chosen map projection) :
• Surface areas
• Length
• Directions

Figure 7.14 The different distortions of an uncorreceted ortophot
Orthographic views project at a right angle to the data plane. Perspective views project from the surface onto the
datum plane from a fixed location.
Digital elevation model:
The Digital Elevation Model (DEM) data files are digital representations of cartographic information in a raster
form. DEMs consist of a sampled array of elevations for a number of ground positions at regularly spaced
intervals.
The 7.5- and 15-minute DEMs are included in the large scale category while 2-arc-second DEMs fall within the
intermediate scale category and 1-degree DEMs fall within the small scale category.
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Figure 7.15 DEM visualization produced by the U.S. Geological Survey (USGS) as part of the National
Mapping Program
Metadata: Information is power
• Increasing amounts of data being created and stored - but often not well organized
• There is a real need to document the data for future use
• Accessible to as wide a "public" as possible
• Data, plus the context for its use (documentation, metadata) become information
• Data without context are not as valuable as documented data
Legend = metadata?
• Information about the publisher, the publication date, the type of map, a description of the map, spatial
references, the map's scale and its accuracy, ...
• Metadata are also these types of descriptive information applied to a digital geospatial file
Metadata should answer these questions:
• What does the dataset describe?
• Who produced the dataset?
• Why was the dataset created?
• How was the dataset created?
• How reliable are the data; what problems remain in the dataset?
• How can someone get a copy of the dataset or access the data set?
• And much more...
Functions of Metadata
• Discover resources
• Manage documents
• Control rights
10
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• Identify versions
• Certify authenticity
• Indicate status
• Mark content structure
• Situate geospatially
• Describe process
Metadata standards:
• ISO international metadata standard, ISO 19115
• FGDC - Content Standard for Digital Geospatial Metadata (U.S.A.)
• Dublin Core (Dublin Core is defined by ISO through ISO Standard 15836, and NISO Standard Z39.85-2007).
These are typically expressed in XML for machine to machine communication; we should not invent our own
standard.
Who should create Metadata?
• Data producers must generate their own metadata
• Like library cataloguing, except the creator needs to know more of the scientific information behind the data
• We might fill out a less- complicated form or template that will be rendered in the proper format by a data
manager or cataloguer who is familiar with the subject and well-versed in the metadata standard

Figure 7.16 Metadata in ArcGIS
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4. 7.4 Data integration in the practice
In the next chapter we will see how to integrate sample databases covering the same region but coming from
different sources.
You can use GIS to combine and interpret data from many different formats, including satellite images, CAD
drawings, and parcel maps. GIS allows you to create a visual overview of a project and turn it into reports that
clearly reflect the situation.
A GIS database gives you the ability to handle rich data types and apply sophisticated rules and relationships.
You can implement smart business logic that, for example, builds topologies and geometric networks, validates
data, and controls access.
http://www.esri.com/industries/civil_engineering/business/data_integration_visualization.html
The sample databases are organized into the following folders:
• Topomap – 1 : 10 000 scale topographic map in raster format
• Orthophoto – georectified aerial image with a ground resolution of 2 m
• Digitopo – Digital topographic map files in vector format with a reference scale of 1:50 000
• GPS – Sample points collected by GPS measurements
• SPOT – Three bands of Spot4 satellite image
• CORINE – CORINE Land Cover maps with a reference scale of 1:50 000
• Relief – Digital Elevation Model in a 5m grid, aspect and slope.

4.1. 7.4.1 Short description of the different data
Topomap

Figure 7.17 Scanned image
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Orthophoto

Figure 7.18 The ortophoto
Digitopo
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Figure 7.19 Digital topographic map
The 1.3 version of the Digital Mapping Database (DTA-50) of the Republic of Hungary was developed by
processing and actualising the DTA-50 1.0 database.
• Projection: The projection system of DTA-50, in accordance with the analogue military topographic basemap, the is Gauss–Krüger. Its reference is the Krassovsky ellipsoid.
• Vertical reference datum: The vertical reference datum of the military topographic maps is the Baltic datum.
Elevation data are referred to the mean sea level at Kronstadt at the Baltic Sea.
• Sheet designation of the DTA50 1.3: The base of the sheet designation and identification system is the
1:1,000,000 scale World Map. The sheet size is 6°× 4°. Hungary is covered by the sheets L-33, L-34 and M33, M-34.
The conceptual datamodell of the of DTA50
• Features: The links between the features of DTA50 (point, line, area) is optimised for use in GIS systems, the
database is topologically correct clean linework.
• Attribute table: DTA50 1.3 does not contain attribute tables.
All the data categorized. The database is containing the following main categories which are categorized further
in the database.
• Category B - Control points
• Category C - Settlements
• Towns
• Villages
• Settlement and block outlines
• Population objects, living places
• Administrative, social, healthcare objects
• Cultural, educational, sport objects
• Sacral objects
• Towers, ruins, monuments
• Cemeteries
• Commercial, Service objects
• Research institutes
• Military objects
• Category D - Facilities
• Industrial facilities
• Mining
• Power supply and transmission
• Storage
• Agriculture
14
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• Telecommunication
• Pipes, lines
• Environmental care, communal objects
• Spec. facilities
• Other facilities
• Category E - Transportation
• Railway
• Stations, stops
• Railway objects
• Built roads
• Planned roads, roads under construction
• Road attributes
• Dirt roads
• Category F - Bridges, crossings
• Objects connected to rail
• Objects connected to road
• Railway bridges
• Road bridges
• Railway and road bridges
• Crossings
• Category G - Hidrography
• Category H - Hidrographic facilities
• Category I - Relief
• Contours
• Relief shapes
• Groundworks along linear objects
Category J - Vegetation
• Woods
• Bushes
• Plantations
• Marshes
• Category H - Borders
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• Category N - Labelling
Data format: DTA-50 1.3 is available in *.DGN format. Source (Ministry of Difference, Mapping Agency,
2002)
GPS

Figure 7.20 GPS Waypoints
GPS data contains ten waypoints with the following attributes: Name
• Description
• Type
• Position (in WGS84)
• Altitude
SPOT
SPOT (Satellite Pour l'Observation de la Terre) is a high-resolution, optical imaging Earth observation satellite
system operating from space. It is run by Spot Image based in Toulouse, France (Nowadays it is ASTRIUM).
SPOT 4 was launched on March 24, 1998 and features major improvements over SPOT 1, 2, and 3. The
principal feature was the modification of the HRV, becoming a high-resolution visible and infrared (HRVIR)
instrument. It has an additional band at mid-infrared wavelengths (1.58-1.75 micrometres), intended to provide
capabilities for geological reconnaissance, vegetation surveys, and survey of snow cover. Projection is UTM
WGS84,
but
it
can
be
converted
into
other
type
of
projection
as
well.
http://earth.esa.int/pub/ESA_DOC/SPOT/Annex-51-4Preprocessinglevels.PDF
(Source: http://en.wikipedia.org/wiki/SPOT_(satellites)#SPOT_4)
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Figure 7.21 SPOT 4
CORINE

Figure 7.22 CORINE map
This nomenclature forms the basis of the national CORINE land cover project at scale 1:50.000 (CLC50) in
Hungary. The project was started in 1998 as part of the Acquise National Programme (ANP) of the Ministry of
agriculture and Regional Policy. Later the Ministry of Environment has also joined the project. (Source:FÖMI)
You can look after in the following website the detailed nomenclature of CORINE database:
http://www.eea.europa.eu/publications/COR0-landcover.
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Relief

Figure 7.23 Digital Elevation Model
Digital elevation model for sheet 54-412
5 m horizontal ground resolution. Vertical units: centimeters!
Projection: HD_1972_Egyseges_Orszagos_Vetuleti
Available only for educational purpose

4.2. 7.4.2 Processing the different data
From the short description of the different data set, it is clearly visible, that the different data originating
different organisations, using different data models, and have different projections, and they have different
accuracies as well.
Traditionally spatial data has been stored and presented in the form of a map. Three basic types of spatial data
models have evolved for storing geographic data digitally. These are referred to as:
• Raster
• Vector
• Image (source: http://bgis.sanbi.org/GIS-primer/page_15.htm)
Image data utilizes techniques very similar to raster data, however typically lacks the internal formats required
for analysis and modeling of the data. Images reflect pictures or photographs of the landscape.

Data model

Data

Projection

Image

Topomap

Gauss-Krüger projection

Raster

Orthophoto
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Vector

Digitopo

Gauss-Krüger projection

Attribute data

GPS

WGS84

Raster

SPOT

HD_1972_Egyseges_Orszagos_Vetuleti

Vector

CORINE

HD_1972_Egyseges_Orszagos_Vetuleti

Raster

Relief

HD_1972_Egyseges_Orszagos_Vetuleti

In ArcGIS we have the possibility to convert the projection of the different resource data. One possibility is to
define the projection in the “Data Frame Properties” for the layer. The coordinate system of the data frame can
be a geographic or a projected coordinate system. The projected coordinate system defines a mathematical
method by which the Earth‟s spherical surface can be displayed. A geographic coordinate system can be used to
define the precise coordinates of the given objects on the Earth surface. If we would like to use our map we
should use a projected coordinate system. If we use geographic coordinate system we can‟t use raw data and if
we add layers which has projected coordinate system the software would use on the fly projection.
We can add the different data into our map file (*.mxd) with the “Add Data” button and we can visualize our
data.

Figure 7.24 Integrating different data
As we were adding all our data set we faced some typical integration problems.
If we add our ortophoto it turned out that it has no projection, though ArcGIS can represent it, later we will
show the solution for the problem.
Another problem occurred that we could implement the GPS database file, but it did not appear on the map. We
can visualize database file in ArcGIS very simply. We should right click the layer and use the “Display XY
Data”command.
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Figure 7.25 Visualisation of Waypoints
Although longitude and latitude measured in degrees, minutes and seconds, the values in the table have been
converted to decimal degrees. In the Display XY data window, we can see that ArcGIS picked up the value of
longitude and latitude correctly. Below this in the Coordinate system frame, the description is set to Unknown
first, but we know that waypoints stored in WGS 84, so we should change this setting.
As waypoint appearing in our map document we experience that it is impossible to visualize our data if we don‟t
use a common projection.
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Figure 7.26 Problem in data integration
ArcGIS offers us a wide range of tool to change the projection of the different datasets.
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Figure 7.27 Different options for changing the projection
We can use define projection, but first we should export our „waypoints” into a shapefile to be able to project.
When we define the „EOV” (HD_1972_Egyseges_Orszagos_Vetuleti) for the waypoint, they are appearing
correctly on our map.

Figure 7.28 Corrected waypoints
As we can see from the figure above the extensions of the different product is also different, so we can see that
our layer derived from CORINE Land Cover data and the relief data is covering a smaller surface than the CAD
data. It is up to our decision that we use “clip” to use only those features which are within the territory of our
Land Cover data.

Figure 7.29 In the figure you can see the clipped features in green.
In our CAD data set we have a lot of feature, so it would be more time consuming to clip all the features on by
one, so it is better to build a model and use the possibility of multiple clip option. For this model in ArcCAtalog
we should create a Toolbox with an empty model. If the toolbox is ready we should import into our map
document into the Toolbox menu.
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Figure 7.30 Clipping more features

4.3. 7.4.3 Creating derived data
As you read in the previous chapters we can create some derived product from the different data. In this
practical chapter we will give some example.
We can create different thematic maps from the given data sources.
First we should investigate our database and see what type of attribute data we can visualize. For example we
can visualize quantitative attributes in CORINE layer.

23
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Figure 7.31. Symbolization
Even we can import a special symbology definition for CORINE. If we would like to work with other data
sources we can display the different layers with transparency tool. On the next figure we can examine CORINE
land cover and SPOT4 image together.

Figure 7.32 Controlling the different type of land cover
The following figure will show DEM, land cover, and the CAD sources.
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Figure 7.33 Different data models from different sources
It is much more difficult to visualize CAD data, because in the database we don‟t have any information about
the different attribute data. First we should examine the xls file attached to the data which contains a detailed
description about the different code (the code is included in the database) and their description. It contains
approximately 800 different categories. We can alter the xls file and we can join the tables to be able to
visualize. Another possibility is to make a query using the code.

Figure 7.34 Last phase before analyses
After the selection we can export data and we can make spatial analyzes with the different data sources.
As in this practical chapter you could see it, in GIS we should handle different data coming from many
resources. The next figure in your further study can give a good tool in handling different data in one GI
System.
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Figure 7.35 Decision diagram (ESRI)

5. 7.5 Summary
In this module we highlighted the main facts concerning data integration in GIS. We used different data models
with different projections and extents, coming from different resources. Data integration is always needs a
careful consideration, we should know the data very thoroughfully before process it, metadata can be a asset in
this procedure.
Self controlling questions:
1. What is the definition of data integration?
2. What is rasterization?
3. Which tool can be used in ArcGIS for vectorization and how?
4. What kind of problems can occure in data integration?
5. What kind derived products can come from Data Integration?

Quiz– connect the terms
Paper map

Inserting
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Vector map

Loading

Paper orthophoto

Scanning

Digital orthophoto

Digitising

Satellite image
GPS measurement
Table
Self-test:
Identifying digitization errors
• The map on the next page represents a plot of spatial data following digitizing. Identify all the errors which
apparently exist and label them accordingly
• The „X” sign in the centroid of each polygon shows the availability of unique identifier.

7.36 Original map
Take a good look and mark all errors! On the following page, you can see them listed.
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7.37 Digitized map
Typical digitizing errors

Figure 7.38 Digitizing error
1. Gap
2. Missing polygon
3. Unnecessary segment
4. Unnecessary line
5. Overshoot
6. Loop
7. Undershoot
8. = 9. Wrong UID in centroid
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10. Wrong segment
11. Missing UID in centroid
12. Missing segment
Further reading:
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• Zeiler, M. (1999). Modeling our World -The ESRI Guide to Geodatabase Design. Redlands, CA, ESRI Press.
• Atkinson, P. M. (1999). Spatial Statistics. Spatial Statistics for Remote Sensing. A. Stein, F. v. d. Meer
LMNB. Gorte. Dordrecht, Kluwer Academic Publishers: 57-81.
Advanced
• Molenaar, M. (1998). An Introduction to the Theory of Spatial Object
Modelling for GIS. London, Bristol (PA), Taylor & Francis.
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