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Definitions 

(by ESRI, Wiki, Anonymous, and from other various sources) 

GIS (Geographic Information System): An integrated collection of computer software and data used to view 
and manage information about geographic places, analyze spatial relationships, and model spatial processes. A 
GIS provides a framework for gathering and organizing spatial data and related information so that it can be 
displayed and analyzed. 

GIS will provide the user many technological trends in the future. These are grid computing, soa (Service 
oriented architecture), open source software, work flows, cloud gis, geodesign etc. 

Areas and Disciplines: There are many disciplines and areas can be applied into GIS. These areas are;   
Geodesy , Geography , Photogrammetry, Surveying, Cartography, Remote Sensing, GPS, Computer Science, 
Geophysics, Geology, Civil Engineering , Meteorology , Mathematics, Environmental Studies, Urban Planning 
and Management , Forestry. 

GIS is an integration of five components: 

 Hardware 

 Software 

 Data 

 People 

 Methods 
 

Four components of a geographic object: 
-spatial component  

 relative position between objects 

 coordinate system 
-attribute component 

 explains spatial objects characteristics 
-spatial relationship 

 relationship between objects 
-time component 

 temporal element 
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Data input refers to the procedure of automatization of the data and the conversion into forms that can be 
stored and analyzed in computers. This procedure is fundamental in every GIS and it differentiates depending 
on the model (vector or raster) and the origin of the data.  
The main methods of data input are: 

 Surveying and other ground measurements 

 Photogrammetry, Remote Sensing 

 Scanning and Digitizing of existing maps, pictures. 

 GPS (Global Positioning System) 

 Data transformation from one system to another 

 Creating a new topology 
 
 

 Raster Data Capture (Remote Sensing, Photogrammetry, Raster Conversion) 

 Vector Data Capture (Surveying, GPS, Digitizing) 

 
Geodesy: The study of the size and shape of the Earth 

Geoid: The hypothetical surface of the Earth that coincides everywhere with mean sea level. 

Ellipsoid: A geometric approximation of the Earth’s size and shape. 

Coordinates: They are used to define the spatial location and extent of geographic objects. Consists of a pair 
of numbers to specify a location in relation to a point of origin. 

Geographic Coordinate Systems use latitude (the angle between the equator and any point measured from the 
center of the earth) and longitude (the angle between the prime meridian and any point, measured from the 
center of the earth) 

Projected Coordinate System: A reference system used to locate x, y, and z positions of point, line, and area 
features in two or three dimensions. A projected coordinate system is defined by a geographic coordinate 
system, a map projection, any parameters needed by the map projection, and a linear unit of measure. 

Graticule: It determines the latitude and longitude of position on the surface. 

Universal Transverse Mercator (UTM) is a projected coordinate system that divides the world into 60 
north and south zones, 6 degrees wide. 

Datum: In geodesy, a model of the Earth’s shape that allows geodetic scientists and surveyors to accurately 
measure the Earth and place the origins and orientations of the coordinate systems. In other words, datum is a 
set of values used to define a specific geodetic system. 

Georeferencing: Aligning geographic data to a known coordinate system so it can be viewed, queried, and 
analyzed with other geographic data. 

Georectification: The digital alignment of a satellite or aerial image with a map of the same area. In 
georectification, a number of corresponding control points, such as street intersections, are marked on both 
the image and the map. These locations become reference points in the subsequent processing of the image. 

Digitizing is the process of converting features on a paper map into digital format. To digitize a map, you use 
a digitizing tablet (also known as adigitizer) connected to your computer to trace over the features that interest 
you. The x,y coordinates of these features are automatically recorded and stored as spatial data. 
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DEM (Digital Elevation Model): The representation of continuous elevation values over a topographic 
surface by a regular array of z-values, referenced to a common datum. DEMs are typically used to represent 
terrain relief. 

TIN: Triangulated  Irregular Network is a topological 3D model for representing continuous surfaces using a 
mosaicing of triangles. 

Attribute Data: Tabular or textual data describing the geographic characteristics of features (Non-spatial 
information in a GIS). 

Metadata: Information that describes the content, quality, condition, origin, and other characteristics of data 
or other pieces of information. Metadata for spatial data may describe and document its subject matter; how, 
when, where, and by whom the data was collected; availability and distribution information; its projection, 
scale, resolution, and accuracy; and its reliability with regard to some standard. Metadata consists of properties 
and documentation. Properties are derived from the data source (for example, the coordinate system and 
projection of the data), while documentation is entered by a person (for example, keywords used to describe 
the data). 

Spaghetti Model: An early vector data model. Vector data composed of simple lines with no topology. 
Spaghetti lines may cross, but no intersections are created at those crossings. 

Topological Model: Vector data model enforces strict connectivity. Specifically addresses the shortcomings 
of the spaghetti model. 
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Data Collection 

Data Model: A consistent way of defining and representing real world entities in a GIS and representing the 
relationships among them. (Two common types: Vector and Raster) 

Vector Model: Discrete objects (distinct and separate boundaries such as roads, river) are represented by 
points and vectors and continuous fields (no definite boundaries such as rainfall, temperature, elevation) are 
represented by irregular tessellations of triangles (TINs). 

The Advantages of Vector Model: 

 High Precision in locating where objects are  

 Less Disk space  

 Maps are more aesthetically pleasing 
 
 
The Disadvantages of Vector Model: 

 Expensive to gather and clean data (digitizing)  

 Expensive and time consuming to explicitly define topology  

 Complex operations may be computationally time consuming 
 

Raster Model: Discrete objects and continuous fields are represented by an array of square cells (pixels). 

The Advantages of Raster Model 

 Layer overlays are fast and simple  

 Topology is explicitly defined  

 Gathering raster data from scanning or remotely sensed images is cheap and fast 
 
The Disadvantages of Raster Model 

 Resolution of dataset will determine what features are represented by the coarse raster cells  

 If fine resolution, will take up large amounts of disk space 
 

Geographic data used as input to or output from a geoprocessing tool is considered a data source. The list of 
supported data sources includes: 

 Geodatabase feature datasets and feature classes 

 Shapefile datasets 

 Coverage datasets and feature classes 
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 Computer‐aided design (CAD) datasets and feature classes 

 Raster datasets 

 TIN datasets, layers, layer files, and tables 

A feature is a geographical object about which geographical information is stored. A feature class is a 
collection of features with same geometry and the same attribute table. A layer is a collection of vector or 
raster data within a shared geographic area. A record is a row within an attribute table. 

Geodatabase feature datasets live inside personal geodatabases. Feature datasets contain feature classes that 
are of the same extent and coordinate system. 

Geodatabase feature classes are stores of geographic features represented as points, lines, polygons, 
annotations, dimensions, attributes, and more. Feature classes that store topological features are contained 
within a feature dataset to ensure a common coordinate system. Other feature classes that are outside a feature 
dataset are called standalone feature classes. 

A shapefile dataset (.shp) is stored in a folder, is composed of geographic features and their attributes, and 
contains a single feature class. Points, lines, or polygons (areas) represent geographic features in a shapefile. 

Layer files (.lyr) are files that contain multiple references to geographic data stored on your disk. When layer 
files are opened multiple geographic files are accessed. Most of the data sources supported in ArcCatalog can 
be referenced. Layer files are used to present a cartographic view of your geographic data. 
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Topology 

Topology:   The branch of geometry that deals with the properties of a figure that remains unchanged even 
when the figure is bent, stretched, or otherwise distorted. 

Topology in GIS helps to  

 Enforce geometric rules for spatial representation and maintain data integrity 

 Reduce data redundancy 

 Improve data access/update efficiency. 

Topology permits 3 different queries. 3 basic topological relationships are usually stored: 

 Connectivity 

 Adjacency 

 Enclosure 

Connectivity describes how lines are connected to each other to form a network. Adjacency describes 
whether two areas are next to each other, and enclosure describes whether two areas are nested. 

Spatial Data: Information about the locations and shapes of geographic features and the relationships 
between them, usually stored as coordinates and topology. 

Spatial Analysis: The process of examining the locations, attributes, and relationships of features in spatial 
data. Spatial analysis extracts or creates new information from spatial data. 

In GIS, spatial data analysis usually involves manipulations or calculation of coordinates or attribute variables 
with a various operators (tools), such as; selection, reclassification, dissolving, buffering, overlay. 

Selection is identifying features based on spatial criteria adjacency, connectivity, containment and 
arrangement. 

Reclassification is an assignment of a class or value based on the attributes or geography of an object. 

Dissolve is a function of combining features within a data layer, remove the common boundary. 

Buffering is the process of creating one or more zones around selected features, within a pre- specified 
distance from these features. 

Overlay is a function to combine different type of data layers such as spatial and attribute data. It requires only 
that, data layers use a common coordinate system. 
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Projection System and Map Elements  

Geographic Coordinates or longitude/latitude will vary depending on the assumed shape of the globe. 
Longitude and latitude should be expressed with reference to the horizontal datum used. There are hundreds 
of map projections because no one projection is distortion free when projecting the  

globe to a flat plane 

Projections: Transformation of curved earth using specific mathematical formula to a flat map. In other 
words, projections are mathematical transformation that take spherical coordinates (latitude and 
longitude) and transform them to an XY (planar) coordinate system.  Projections enable scientists to 
create a map that accurately shows distances, areas and directions. 

Distortion:  It is impossible to flatten a round object without distortion, so the cartographer will attempt to 
eliminate distortion in one or several aspects of the map for what purpose of a map.  When choosing a 
projection, consider what type of measurement is important. There are four types of projection to produce the 
right type of map. 
 

 Conformality - the shapes of places are accurate 
 Distance - measured distances are accurate 
 Area/Equivalence - the areas represented on the map are proportional to their area on the earth 
 Direction - angles of direction are portrayed accurately 
 
 
Essential Map Elements: A map usually contains the cartographic elements that are commonly found on a 
map layout.  

 Title,  

 North arrow,  

 Legend,  

 Data frame,  

 Scale,  

 Graticule, 

  Projection information.   
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Data Models and Systems 

Database: One or more structured sets of persistent data, managed and stored as a unit and generally 
associated with software to update and query the data. A GIS database includes data about the spatial locations 
and shapes of geographic features recorded as points, lines, areas, pixels, grid cells, or TINs, as well as their 
attributes. 

DBMS (Database Management System): A collection of software tools for the entry, organization, storage and 
output of data. 

Data models which depend on database structure are 

 Hierarchical 

 Network 

 Relational 

 Object - oriented 

A hierarchical database model is a data model in which the data is organized into a tree-like structure. The 

structure allows representing information using parent/child relationships: each parent can have many 

children, but each child has only one parent (also known as a 1-to-many relationship). All attributes of a 

specific record are listed under an entity type. In a database an entity type is the equivalent of a table. Each 

individual record is represented as a row, and each attribute as a column. This model is recognized as the first 

database model created by IBM in the 1960s. 

The network model is a database model conceived as a flexible way of representing objects and their 

relationships. Its distinguishing feature is that the schema, viewed as a graph in which object types are nodes 

and relationship types are arcs, is not restricted to being a hierarchy or lattice. While the hierarchical database 

model structures data as a tree of records, with each record having one parent record and many children, the 

network model allows each record to have multiple parent and child records, forming a generalized graph 

structure. 

A relational database is created using the relational model. A relational database is a collection of data items 

organized as a set of formally described tables from which data can be accessed easily. A relational database is 

created using the relational model. The software used in a relational database is called a relational database 

management system (RDBMS). A relational database is the predominant choice in storing data, over other 

models like the hierarchical database model or the network model. It consists of n number tables and each 

table has its own primary key. 
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An object-oriented database management system is a database management system in which information 

is represented in the form of objects as used in object-oriented programming. Object databases are different 

from relational databases and belong together to the broader database management system. 

Cardinality: In data modeling, the cardinality of one data table with respect to another data table is a critical 

aspect of database design. Relationships between data tables define cardinality when explaining how each table 

links to another. In the relational model, tables can be related as any of: many-to-many, many-to-one (rev. one-

to-many), or one-to-one. This is said to be the cardinality of a given table in relation to another. 
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Mapping 

Thematic mapping is accomplished through symbolization and classification of the data (of the variable in the 
attribute table). 
 
Symbolization is the process of choosing how to represent the features on a map. The symbols we choose 
should help describe additional information about the features on the map. The user can change a feature's 
symbology to make it more informative by assigning a different symbol to each unique value, or to distinct 
ranges of values, in the layer's attribute table. 

We distinguish among four levels of measurement in describing real-world phenomena: 

 Nominal data is information that is simply grouped into categories on the basis of qualitative 
considerations: a road distinguished from a river or a forest distinguished from an open field. 

 Ordinal data is grouped by rank on the basis of some quantitative measure: small, medium, and large 
cities or single-lane, double-lane, and four-lane roads. 

 Interval data is information that can be arranged using a standard scale along which operations of 
addition and subtraction have meaning. Temperature is an example of an interval measure. 

 Ratio data is information that, like interval data, can be arranged along a scale but, in addition, the 
scale begins at a non-arbitrary zero point. At the zero point, no features are present. The operations of 
multiplication and division can be employed with ratio data to consider proportions and magnitudes. 
Elevation above sea level, precipitation, and population are all examples of ratio data. 

Symbolization Techniques: 

 Single Symbol: By default, the features are symbolized with a single symbol. 

 Graduated Color: These symbols are more commonly used. It displays features as shades in a range 
of colors that change gradually (also called a color ramp). This symbology is best used with polygon 
layers.  

 Graduated Symbol: These symbols are used to represent features using different marker sizes. 
Normally used with point layers.  

 Proportional Symbol: These symbols vary in size proportionally to the value symbolized.  

 Dot Density: These symbols should only be used with polygon layers. They represent quantities by a 
random pattern of dots. The greater the value, the more dots.  

Classification is the process of sorting features on a map into groups or categories. The specific method of 
classification that you choose can lead to very different displays of data on maps. 
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Classification Methods: 

 Natural Breaks: This classification creates classes according to clusters and gaps in the data.  

 Equal Interval: This classification creates classes of equal value ranges.  

 Defined Interval: This classification is like equal interval, but the interval chosen determines the 
number of classes produced instead of the number of classes producing the interval.  

 Quantile: This classification creates classes containing an equal number of features.  

 Standard Deviation: This classification creates classes according to a specified number of standard 
deviation from the mean value.  

 Manual Method: This classification allows the user to set their own preferred class breaks.  

 Geometrical Interval: This classification creates class ranges based on intervals that have a geometric 
sequence based on a multiplier (and its inverse) 
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Information Retrieving 

Query: A question or request used for selecting features.  A query often appears in the form of a statement or 
logical expression. 

Structured Query Language (SQL): A data manipulation language primarily designed for relational 
databases. 

Three Types of Query Operations: 

The scope of spatial analysis ranges from a simple query about the spatial phenomenon to complicated 
combinations of attribute queries, spatial queries, and alterations of original data. 

 Attribute Queries (aspatial): Attribute queries require the processing of attribute data exclusive of 
spatial information.  The selection is based only on an attribute item; therefore, no spatial information 
is required.   

 Spatial Queries: Spatial queries require the processing of spatial information.   

 Generation of new data sets from the original database: A spatial analysis may require generation 
of new data from the original set.   
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