
Geographic information systems               2023-2024 Dr. Ali Adel  

 

 

 الجامعة التكنولوجية

 قسم علوم الحاسوب

 

 

 

Dr .Ali Adel    2023-2024  



Geographic information systems               2023-2024 Dr. Ali Adel  

Sleibas  
1.  A general introduction to GIS 

1.1The nature of GIS  

1.1.2 Defining GIS 

1.1.3 GISystem  , GScience , GIS applicatons 

1.2 The real world and representation of it 

1.2.1  Models and modelling 

1.2.2. Maps 

1.2.3 Database 

1.2.4 Spatial database and spatial analysis 

2. Computer representation of geographic information 

2.1 Vector representation 

2.2 Topology and spatial relationships 

2.3 Representation of geographic fields 

2.4 Representation  of geographic  objects 

3 GIS and spatial databases 

       3.1 Linking GIS and DBMS 



Geographic information systems               2023-2024 Dr. Ali Adel  

       3.2 Spatial database functionality 

4. Spatial referencing 

4.1.2 Coordinate systems 

4.1.3 Map projections 

5 point data transformation 

5.4.1 Interpolating discrete data 

5.4.2 Interpolating continuous data 

 

 

 

 

 

 

 

 



Geographic information systems               2023-2024 Dr. Ali Adel  

 

1. The Nature of GIS 

 

GIS stands for Geographical Information System. GIS has 

different definitions: 

 

Def 1- 

GIS is defined as an integrated tool, capable of mapping, analyzing, 

manipulating and storing geographical data in order to provide 

solutions to real world problems and help for future planning. GIS 

deals with what and where components of occurrences. For 

example, to regulate rapid transportation, government decides to 

build fly-over (what component) in those areas of the city where 

traffic jams are common . 

 

 

Def 2-- 

GIS can also be defined as “a powerful set of tools for collecting, 

storing, retrieving, transforming and displaying spatial data from 

the real world for a particular set of purposes. 
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                             Figure(1) spatial data 

Def-3 

GIS is a generic term implying the use of computers to create and 

display digital maps. The attribute data which describe the various 

features presented in maps may relate to physical, chemical, 

biological, environmental, social, economic or other earth surface 

properties. GIS allows mapping, modelling, querying, analyzing 

and displaying large quantities of such diverse data, all held 

together within a single database.  

 

 

 Figure (2):GIS systems 
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Objectives of GIS 
Some of the major objectives of GIS are: 

1. Maximizing the efficiency of planning and decision-making. 

2. Integrating information from multiple sources to facilitate complex 

querying and analysis  

3. Eliminating redundant data and minimizing duplication. 

2. Importance of GIS 
GIS allows to store and manipulate information using geography and to 

analyze patterns, relationships, and trends in that information to help in 

making better decisions. 

1.1.1. Components of a GIS 

A GIS has the following components: 

Hardware : It consists of the equipment's and support devices that are 

required to capture, store process and visualize the geographic information. 

These include computer with hard disk, digitizers, scanners, printers and 

plotters  etc. 

 
Figure (3) :GIS hardware component 
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Software: Software is at the heart of a GIS system. The GIS software 

must have the basic capabilities of data input, storage, transformation, 

analysis and providing desired outputs. The interfaces could be different for 

different softwares . The GIS softwares being used today belong to either of 

the category –proprietary or open source. ArcGIS by ESRI is the widely 

used proprietary GIS software. Others in the same category are MapInfo, 

Microstation, Geomedia. 

 

 
Figure(4) GIS OPEN SYSTEMS 
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Data : The data is captured or collected from various sources (such as maps, 

field observations, photography, satellite imagery etc.) and is processed for 

analysis and presentation. 

 

 

 

 

 

 

Figure (5) GIS data types 

Procedures: These include the methods or ways by which data has to be 

input in the system, retrieved, processed, transformed and presented. 

People: This component of GIS includes all those individuals (such as 

programmer, database manager, GIS researcher etc.) who are making the 

GIS work, and the individuals who are at the user end using the GIS 

services, applications and tools. 

 

GIS stems  , GIS science , GIS application 
The previous discussion defined a geographic information system— in the 

‘narrow’ sense—in terms of its functions  as a computerized system that 

facilitates the phases of data entry, data management, data analysis and 

data presentation specifically for dealing with georeferenced data. In 

the ‘wider’ sense, a functioning GIS requires both hardware and software, 

and also people such as the database creators or administrators, analysts who 

work with the software, and the users of the end product. For the purposes 
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of this studying   we will concern ourselves with the ‘narrow’ definition, 

and focus on the specifics of these so-called  GIS systems. 

The discipline that deals with all aspects of the handling of spatial data is 

called geographic information science (often defined  geoinformation 

science or just GIScience). 

Geoinformation Science is the scientific field that attempts to integrate 
different disciplines studying the methods and techniques of handling 
spatial information 

 

Defining GIS 

  

A GIS is a computer-based system that provides the following four sets of 
capabilities to handle georeferenced data: 

1. Data capture and preparation 

2. Data management, including storage and maintenance 

3. Data manipulation and analysis 

4. Data presentation 

GIS Applications 
GIS is involved in various areas. These include topographical 

mapping, socioeconomic and environment modeling, and education. 

The role of GIS is best illustrated with respect to some of the 

representative application areas that are mentioned below: 
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Tax Mapping: The amount of tax payable depends on the value of the land 

and the property. GIS manage information about property with its 

geographical location and boundary. Land units  stored in parcel database 

can be linked to their properties. Querying the GIS database can locate 

similar type of properties in an area. The characteristics of these properties 

can then be compared and valuation can be easily done. 

 

 
Figure(6): tax mapping 

 

2.Business: Demographic analysis is the basis for many other business 

functions: customer service, site analysis, and marketing. 

3.Logistics: Logistics is a field that takes care of transporting goods from 

one place to another and finally delivering them to their destinations. It is 

necessary for the shipping companies to know where their warehouses 

should be located, which routes should the transport follow that ensures 

minimum time and expenditures to deliver the parcels to their destinations. 

All such logistics decisions need GIS support. 
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Figure(7): GIS with logistics operation  

 

4 .Emergency evacuation: The occurrence of disasters is unpredictable but 

it is important to know in which area the risk is higher, the number of 

individuals inhabiting that place, the routes by which the vehicles would 

move to help in evacuating the individuals. Thus preparing an evacuation 

plan needs GIS implementation. 

5 .Environment: GIS is being increasingly involved in mapping the habitat 

loss, urban sprawl, land use change etc. Mapping such phenomena need 

historical land use data, human  effects, which greatly affect these 

phenomena, are also brought into GIS domain. GIS models are running to 

make predictions for the future. 

 

 

 

 

 



Geographic information systems               2023-2024 Dr. Ali Adel  

2.1 The real world and representations of it 

 

One of the main uses of GIS is as a tool to help us make decisions. 

Specifically, we often want to know the best location for a new facility , the 

most likely sites for identify areas with a high risk of flooding so that we 

can formulate the best policy for prevention. In using GIS to help make 

these decisions, we need to represent some part of the real world as it is, as 

it was, or perhaps as we think it will be. We need to restrict ourselves to 

‘some part’ of the real world simply because it cannot be represented 

completely. The fact that we can only represent parts of the real world 

teaches us to be humble about the expectations that we can have about the 

system: all the data it can possibly generate for us in the future will be based 

upon the information which we provide the system with. Often, we are 

dealing with processes or phenomena that change rapidly, or which are 

difficult to quantify in order to be stored in a computer. It follows that 

the ways we collect, organize and structure data from the real world plays a 

key part in this process.  

 

If we have done our job properly, a computer representation of some part of 

the real world, will allow us to enter and store data, analyses the data and 

transfer it to humans or to other systems. 

 

1.2.1Models and modelling 

 

‘Modelling’ is a term used in many different ways and which has many 

different  meanings. A representation of some part of the real world can 

be considered a model because the representation will have certain 
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characteristics in common with the real world. Specifically, those which 

we have identified in our model design. This then allows us to study and 

operate on the model itself instead of the real world in order to test what 

happens under various conditions, and help us answer ‘what if’ 

questions. We can change the data or alter the parameters of the model, 

and investigate the effects of the changes. 

Models as representations come in many different manning . In the GIS 

environment, the most familiar model is that of a map. A map is a miniature 

representation of some part of the real world. Paper maps are the most 

common, but digital maps also exist 

 

 

 

 

Databases are another important class of models. A database can store 

a considerable amount of data, and also provides various functions to  

operate on the stored data. The collection of stored data represents some real 

world phenomena, so it too is a model. Obviously, here we are especially 

interested in databases that store spatial data. Digital models (as in a 

database or GIS) have enormous advantages over paper models (such as 

maps). They are more flexible, and therefore more easily changed for the 

purpose at hand. In principle, they allow animations and simulations to be 

carried out by the computer system. This has opened up an important 

toolbox that can help to improve our understanding of the world. 
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Figure (8) simulation systems 

 

 

Figure(9) emulation systems 

Most maps and databases can be considered static models. At any point in 

time, they represent a single state of affairs.   Usually, developments or 

changes in the real world are not easily recognized in these models. 

Dynamic models or process models address precisely this issue. They 

emphasize changes that have  

taken place, are taking place or may take place sometime in the future. 

Dynamic models are inherently more complicated than static models, and 

usually require much more computation. Simulation models are an 
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important class of dynamic models that allow the simulation of real world 

processes. 

Maps 
As noted above, maps are perhaps the best known (conventional) models of 
the real world. Maps have been used for thousands of years to represent 
information about the real world, and continue to be extremely useful for 
many applications in various domains. Their conception and design has 
developed into a science with a high degree of sophistication. A disadvantage 
of the traditional paper map is that it is generally restricted to two-
dimensional static representations, and that it is always displayed in a fixed 
scale. The map scale determines the spatial resolution of the graphic feature 
representation. The smaller the scale, the less detail a map can show. The 
accuracy of the base data, on the other hand, puts limits to the scale in which 
a map can be sensibly drawn. Hence, the selection of a proper map scale is 
one of the first and most important steps in map design. 

 A map is always a graphic representation at a certain level of detail, which 
is determined by the scale. Map sheets have physical boundaries, and 
features spanning two map sheets have to be cut into pieces. Cartography, as 
the science and art of map making, functions as an interpreter, translating 
real world phenomena (primary data) into correct, clear and understandable 
representations for our use. Maps also become a data source for other 
applications, including the development of other maps. 
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With the advent of computer systems, analogue cartography developed into 

digital cartography, and computers play an integral part in modern 

cartography .Alongside this trend, the role of the map has also changed 

accordingly, and the dominance of paper maps is eroding in today’s 

increasingly ‘digital’ world. The traditional role of paper maps as a data 

storage medium is being taken over 

  

by (spatial) databases, which offer a number of advantages over ‘static’ 

maps, as discussed in the last  sections. Notwithstanding these 

developments, paper maps remain as important tools for the display of 

spatial information for many applications. 

Databases 
  

A database is a repository for storing large amounts of data. It comes with a number 
of useful functions: 

  

1.A database can be used by multiple users at the same time—i.e. it allows 

                   2.A database offers a number of techniques for storing data and allows the 

use of the most efficient one—i.e. it supports storage optimization, 

3.A database allows the imposition of rules on the stored data; rules that will 

be automatically checked after each update to the data—i.e. it supports data 

integrity, 

4.A database offers an easy to use data manipulation language, which 

allows the execution of all sorts of data extraction and data updates. it has a 

query facility, 
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5-A database will try to execute each query in the data manipulation 

language in the most efficient way—i.e. it offers query optimization. 

 
       figure (10) :querying processing 
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Spatial databases and spatial analysis 

  

A GIS must store its data in some way. For this purpose the previous 

generation of software was equipped with relatively rudimentary facilities. 

Since the 1990’s there has been an increasing trend in GIS applications that 

used a GIS for spatial analysis, and used a database for storage. In more 

recent years, spatial databases (also known as geodatabases) have emerged. 

Besides traditional administrative data, they can store representations of real 

world geographic phenomena for use in a GIS. These databases are special 

because they use additional techniques different from tables to store these 

spatial representations. 

A geodatabase is not the same thing as a GIS, though both systems 

share a number of characteristics. These include the functions listed above 

for databases in general: concurrency, storage, integrity, and querying, 

specifically, but not only, spatial data. A GIS, on the other hand, is tailored 

to operate on spatial data. It 

Geodatabases. 

geodatabase is a relational database that stores geographic data. At its most 

basic level, the geodatabase is a container for storing  spatial and attribute 

data and the relationships that  exist among them . In a geodatabase, which 

is a vector data format, features and their associated attributes can be 

structured to work together as an integrated system using rules, 

relationships, and topological associations. In other words, 

the geodatabase allows you to model the real world as simply or complexly 

as your needs dictate. Geodatabases are created, edited, and managed using 

the standard menus and tools in ArcCatalog™ and ArcMap™ 
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Figure (11): GIS Arc Catalog 

Defining geographic phenomena 

  

A GIS operates under the assumption that the relevant spatial phenomena 

occur in a two- or three-dimensional Euclidean space, unless otherwise 

specified. Euclidean space can be informally defined as a model of space in 

which locations   

are represented by coordinates—(x, y) in 2D; (x, y, z) in 3D—and distance 

and direction can defined with geometric formulas .In the 2D case, this is 

known as the Euclidean plane, which is the most common Euclidean space 

in GIS use.In order to be able to represent relevant aspects real world 

phenomena inside a GIS, we first need to define what it is we are referring 

to. We might define a geographic phenomenon as a manifestation of an 

entity or process of interest that: 

• Can be named or described, 

• Can be georeferenced 
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• Can be assigned a time (interval) at which it is/was 

present. 

Computer representations of geographic  

information 

 

In order to represent such a phenomenon faithfully in computer memory, 

we could either:    faithfully   

 Try to store as many (location, elevation) observation pairs as 

possible, or 

 Try to find a symbolic representation of the elevation field function, 

as  a formula in x and y—like (3.0678x2 + 20.08x 7.34y) or so—which 

can be  evaluated to give us the elevation at any given (x, y) location 

 Both of these approaches have their drawbacks. The first suffers from 

the fact that we will never be able to store all elevation values for all 

locations; after all, there are infinitely many locations. The second 

approach suffers from the fact that we do not know just what this 

function should look like, and that it would be extremely difficult to 

derive such a function for larger areas. In GISs, typically a 

combination of both approaches is taken. We store a finite, but 

intelligently chosen set of (sample) locations with their elevation. This 

gives us the 

 

elevation for those stored locations, but not for others. We can use an 

interpolation  function that allows us to infer a reasonable elevation value 

for locations 
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Figure (12) interpolation approximation process  
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Figure (13) Vector data Representations 

 

Figure (14): Raster data Representations 
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Topology refers to the spatial relationships between geographical 

elements in a data set that do not change under a continuous transformation 

Topology deals with spatial properties that do not change under certain 

transformations. For example, features drawn on a sheet of rubber (as in 

Figure) can be made to change in shape and size by stretching and pulling 

the sheet. However, some properties of these features do not change: 

• Area E is still inside area D 

• The neighborhood relationships between A, B, C, D, and E stay intact 

, and their boundaries have the same start and end nodes, and 

• The areas are still bounded by the same boundaries, only the shapes 

and  lengths of their perimeters have changed. 

 

 

 

Figure(15) : Topology processing 
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   Figure (16): Arc node topology 
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Containment 

 

Geographic features cover distinguishable area on the surface of the earth. 

An area is represented by one or more boundaries defining a polygon. The 

polygons can be simple or they can be complex with a hole or island in the 

middle. In the illustration given below, assume a lake with an island in the 

middle. The lake actually has two boundaries, one, which defines its outer 

edge, and the other (island) which defines its inner edge. An island defines 

the inner boundary of a polygon. The polygon D is made up of arc 5, 6 and 

7. The 0 before the 7 indicates that the arc 7 creates an island in the polygon  
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Examples 

1-Consider at the figures below and write (polygon ARC topology) 
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2-consider at the figure below and write (ARC- Node  topology). 
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3-Consider at the figures below and write (polygon topology) 
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Homework : from google maps select a position area and write 

 polygon arc topology   using google map 

 

Figure (16)  google Map 

Primary key and foreign key 

A primary key is used to ensure data in the specific column is unique. 

A foreign key is a column or group of columns in a relational database table 

that provides a link between data in two tables. ...  

Example: Refer the figure –STUD_NO in STUDENT_COURSE is a 

foreign key to STUD_NO in STUDENT relation 
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Linking GIS and DBMS 

GIS software provides support for spatial data and thematic or attribute 

data. GISs have traditionally stored spatial data and attribute data separately. 

This required the GIS to provide a link between the spatial data (represented 

with raster or vectors), and their nonspecial attribute data.. The strength of 

technology lies in its built-in ‘understanding’ of geographic space and all 

functions that derive from this, for purposes such as storage, analysis, and 

map production. GIS packages themselves can store tabular data, however, 

they do not always provide a full-fledged query language to operate on the 

table 

 DBMSs have a long tradition in handling attribute (i.e. administrative, 

non spatial, tabular, thematic) data in a secure way, for multiple users 

at the same time. Arguably, DBMSs offer much better table 

functionality, since they are specifically designed for this purpose. A 

lot of the data in GIS applications is. 
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 attribute data, so it made sense to use a DBMS for it. For this 

reason, many GIS applications have made use of external DBMSs 

for data support. In this role, the DBMS serves as a centralized 

data repository for all users, while each user runs her/his own GIS 

software that obtains its data from the DBMS. This meant that a 

GIS had to link the spatial data represented with raster or vectors, 

and the attribute data stored in an external DBMS. 

 

 With raster representations, each raster cell stores a characteristic 

value. This value can be used to look up attribute data in an 

accompanying database table. For instance, the land use raster of 

Figure below  indicates the land use class for each of its cells, while 

an accompanying table provides full descriptions for all classes, 

including perhaps some statistical information for each of the types. 

Observe the similarity with the key/foreign key concept in relational 

databases. 

   

Figure(17):  database linking process with raster form 
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 With vector representations, our spatial objects whether they are 

points, lines or polygons—are automatically given a unique identifier 

by the system. This identifier is usually just called the object ID or 

feature ID and is used to link the spatial object (as represented in 

vectors) with its attribute data in an attribute table. The principle 

applied here is similar to that in raster settings, but in this  case each 

object has its own identifier. The ID in the vector system functions as 

a key, and any reference to an ID value in the attribute database 

is a foreign key reference to the vector system. For example, in 

Figure below , parcel is a table with attributes, linked to the spatial 

objects stored in a GIS by the Location column.  

 

 

Figure(18):  database linking process with vector form 
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Working with Tables  

Most databases instead of keeping their data together in a single table, 

organize the data into multiple tables each focusing on a specific topic. A 

user can link these tables if required information isn’t present in a single 

table. The records in one table can be associated with records in the other 

table through a common field. The temporary associations can be made by 

joining and relating the tables.  

Join 

Joining appends the fields of one table to fields of another through an 

attribute/field common to both the tables 
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Spatial database functionality 

 

A spatial database allows users to store, query and manipulate collections 

of spatial data. 

spatial data can be stored in a special database, column known as the 

geometry column, (or feature or shape, depending on the specific software 

package), as shown in Figure below. This means GISs can rely fully on 

DBMS support for spatial data, making use of a DBMS for data query and 

storage (and multi-user support), and GIS for spatial functionality. Small-

scale GIS applications may not require a multi-user capability, and can be 

supported by spatial data support from a personal database. 

 

Figure(19):  spatial data representing  
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Querying a spatial database 

  

A Spatial DBMS provides support for geographic coordinate systems and 

transformations. It also provides storage of the relationships between 

features, including the creation and storage of topological relationships. As 

a result one is able to use functions for ‘spatial query’ (exploring spatial 

relationships).  

 

 

Figure(20):  querying processing   
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Figure(21):  Earth Coordinate System    

 

 

Latitude and longitude values are traditionally measured either in decimal 

degrees or in degrees, minutes, and seconds (DMS). Latitude values are 
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measured relative to the equator and range from -90° at the South Pole to 

+90° at the North Pole. Longitude values are measured relative to the prime 

meridian. They range from -180° when traveling west to 180° when 

traveling east. If the prime meridian is at Greenwich, then Australia, which 

is south of the equator and east of Greenwich, has positive longitude values 

and negative latitude values. 
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A map projection is one of many methods used to represent the 3-

dimensional surface of the earth or other round body on a 2-dimensional 

plane in cartography 
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Figure(22):  cylindrical map projection process      
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Figure(23):  conic map projection process      
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Point data transformation 

 

This section looks at several methods of transforming point data in a GIS. 

We may have captured a sample of points (or acquired a dataset of such 

points), but wish to derive a value for the phenomenon at another location 

or for the whole extent of our study area. 
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We may want to transform our points into other representations in order to 

facilitate interpretation and/or integration with other data. Examples include 

defining homogeneous areas (polygons) from our point data, or deriving 

contour lines. This is generally referred to as interpolation, i.e. the 

calculation of a value from ‘surrounding’ observations. The principle of 

spatial autocorrelation plays a central part in the process of interpolation 

In order to predict the value of a point for a given (x, y) location, we could 

simply find the ‘nearest’ known value to the point, and assign that value. 

This is the simplest form of interpolation, known as nearest-neighbour 

interpolation. We might instead choose to use the distance that points are 

away from (x, y) to weight their importance in our calculation. 

1-Interpolating discrete data 

If we are dealing with discrete data, we are effectively restricted to 

using nearest- neighbor interpolation. This is the situation shown in 

Figure a though usually we would have many more points . In a 

nearest- Neighbor interpolation, each location is assigned the value 

of the closest measured point. Effectively, this technique will 

construct ‘zones’ around the points of measurement, with each point 

belonging to a zone assigned the same value. Effectively, this 

represents an assignment of an existing value (or category) to a 
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location. If the desired output was a polygon layer, we could construct 

Thiessen polygons around the points of measurement. The boundaries 

of such polygons, by definition, are the locations for which more than 

one point of measurement is the interpolation closest point. An 

illustration is provided is Figure 

 

 
Figure(23):  Interpolating discrete data Models 
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Figure(24):  Interpolating discrete data Models process in ARC view 

 

2-Interpolating continuous data 

Interpolation of values from continuous measurements is significantly 

more complex. This is the situation of Figure (b), but again, usually 

with many more point measurements. Since the data are continuous, 

we can make use of measured values for interpolation. There are 

many continuous geographic fields— elevation, temperature and 

ground water salinity are just a few examples. Commonly, 

continuous fields are represented as rasters, and we will almost by 

default assume that they are. Alternatives exist 
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Figure(23):  Interpolating continuous  data Models 
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Geographic  information system environment 

 

1.Starting ArcMap 

 
1.1Open ArcGIS 

 
ArcMap lets you explore your geographic data and create maps for display. 

To open ArcGIS 9.2 3 

1. Click the Start button on the Windows taskbar. 
2. Point to All Programs. 
3. Point to ArcGIS. 
4. Click ArcMap. 

 

 

 

 

 

 

 
 

The ArcMap opining wizard can be opened. There are three options these are:- 

 

 

1. A new empty map:- if you 
want to open a new project 
Click Cancel Button 

2. A template:- if you want 
to use the existing 
readymade template click 
on template and select one 
template 
3. An existing Map:- if you 
want to open the existing 
project click the one you 
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want to open it 
4. Click Ok 

Exploring ArcMap:- 

1. Open new project 12. Fixed Zoom in 

2. Open existing Project 13. Pan 

3. Save project 14. Full extent 

4. Print Map 15. Select element 

5. Add Layer/Map 16. Identify 

6. Edit Function 17. Find 

7. Open ArcCatalog 18. Add xy 
8. Open ArcTools 19. Measurement 
9. Zoom In 

10. Zoom Out 

11. Fixed Zoom Out 
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