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In the frame work of this project we have created a special, cloud-based database, called “knowledge cloud”, built from pieces of 
knowledge that are useful even independent from each other. These elementary building stones may be used to create the curriculum 
of a lesson or even that of a whole subject. The programme “translates” the downloaded curricula to a given tool so these curricula can 
appear on the smart phones of students or on the projector of a lecture room in an optimal way. The lecturers participating in the 
project have uploaded the curricula they have developed or created to the cloud-based database. Every element of the used materials 
includes the original meta-data (e.g. the namer of a person who took a given photo) so references are always automatic during use. 
!
There are many educational experiments happening all over the world but it is not yet clear whether a “flipped classroom” or the open 
video materials of MOOC (massive open online courses) will be the ideal way to follow. However, it is obvious for everybody that 
present methods must be altered. The cloud-based framework we have elaborated can handle individual learning processes 
simultaneously and can serve several thousand students at the same time. 
!
Every lecturer can apply, use and alter his or her database individually and they can use the curriculum elements uploaded by others 
freely without paying extra attention on references. The “notes” assembled from given elements can be tailored to personal needs if the 
knowledge level of the target group is clear. 
!
The prepared curricula are not static, printed (PDF) notes but they consist of  dynamic systems of constantly changing, or changeable, 
pictures, videos and 3D models. 
Lecturers are able to build in the most modern technologies - required by the industry - into their dynamic “notes” stored in the 
knowledge cloud without having to issue new “PDF” notes. This online system ensures the sustainability of these curricula and the 
process of education itself. 
!
Merely a “snapshot”, a momentary state, of our dynamic curricula based on a meta-data structure can appear in this note. We have not 
got the possibility to display videos, interactive or 3D structures and currently updating contents. 
E-learning does not make teachers unnecessary but enables them to teach their students in a way required by this rapidly growing 
world of ours.
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1. Lecture 
Basic concepts 



1.1. Basic concepts of Geoinformatics 

Geoinformatics (briefly): Geographic information 
management. 

Derivation of the basic concepts form Informatics, Geodesy 
and Geography. 

 
Entity = a subject, a person, an event, a phenomenon of the 

real world, can be described by limited number of 
attributes, and important from the aspect of the 
information system. 

Entity type = group of entities with equal attribute set. 



1.2. Basic concepts of Geoinformatics 
Object = computer representation of an entity. 
 
Object type = group of objects with equal attribute set. 
 
Data = interpreted and processed objective facts, knowledge, 

concepts, which describe a property of an object. 
 
Datamodel = listing the object types of an information 

system, description of the object types and its 
relationships. 



1.3. Basic concepts of Geoinformatics 

Datafield = a data storage unit can store one property of an 
object type. A column of a datatable. 

 
Datarecord = a data storage unit can store all properties of an 

object. A row of a datatable. 
 
Datatable = collection of objects of the same object type. 

Built up from rows (records) and columns (fields). 
 
Database = a finite number of datatables, object types and 

objects, and the relationships between the datatables. 



1.4. Basic concepts of Geoinformatics 

Information = the interpretation of the data produces new or 
like-new knowledge, reports, news items. 

 
Informatics = theory and practical aspect of information 

management discipline. 
 
Information system = a system is capable of information 

management. The basic functions of the system are data 
collection, storage, display, organizing, analysis. 



1.5. Basic concepts of Geoinformatics 
Derivation of geoinformation concepts from the information 

concept using the geo- prefix or geographic word. 

Geographic object : computer representation of a subject, 
person, event on the Earth surface or below. 

Geograpic information: knowledge about geographic 
objects, finite number of geographic attributes. 

Geoinformatics: discipline/science of geographic 
information management. 

Synonyms: spatial data, spatial information system, land 
data, land information system. 



1.6. Geoinformation Systems 
System suitable for geographic data management. 
Abbreviation: GIS = Geographic Information System. 
 
System components: 
•  Hardware (computers, input devices, printers…) 
•  Software (OS, GIS softwares…) 
•  Data (raster, vector data, surface models…) 
•  User (administrators, operator, analyser…) 
 
Value ratio: Hardware : Software : Data = 1 : 10 : 100 
Changes: free softwares, free data, online applications 



Desktop and Server GIS 

Server, database 

Desktop workstations 

Printers, scanners 

Internet 

Notebooks 



Field GIS 

Handheld Computer + 
GPS receiver Field GIS software for 

attribute data collection 
Field GIS software for 

mapping 



User interface of a GIS software 

Spatial Data Attributes, descriptive data 



1.7. Types of GIS 

Basically design, analysis, and inventory systems. 

•  Land registration 
•  Governments, Public administration (inventory) 
•  Council, local governments (inventory, tax) 
•  Utility (water, gas, electric – planning and inventory) 
•  Military (simulation) 
•  Aggricultural plans and registration 
•  Forest planning and inventory 
•  Nature conversation 
•  Environment management 



1.8. Modeling in Geoinformatics 

The aim of geoinformatics is creating models about our 
geographic environment. 

 
Briefly, the modeling of the real world is to describe the 

world with reduced set of information. 
 
The description of the real world is a three steps abstraction 

process. 
 
The efficiency of the model can be measured by the 

simplicity and authenticity of the model. 



1.9. Steps of Geoinformatical modeling 

1. Replacing the real world by a theoretical model that 
defines the entities of the real world that you want to 
include in the final model. 

 
2. Determination the attributes required to describe the 

entities of the theoretical model and the connections 
between them, that is, creation the logical model. 

 
3. Finally, creation of the physical model, the computer 

representation of the logical modell, and the data 
uploading on the basis of the logical modell 



1.10. Description of geographic objects 

•  Spatial data – geometry 
–  Point 
–  Linechain 
–  Polygon 
–  Complex objects (multipart objects) 

 
•  Descriptive data – attributes 

–  Identification (count, settlement, key data) 
–  Grouping data (class, group, type) 
–  Relational data (relationship, topology) 
–  Technical data (professional field) 
–  Metadata (source, accuracy, date, operator) 

 



1.11. Reference system 
•  Selection of the appropriate reference system 
•  Geocentric coordinate system (x, y, z) 
•  Geoid 

–  A selected level surface of the gravity field 
•  Ellipsoid 

–  Base surface, replacing the geoid with a surface of rotation 
–  Semi major axis (a) semi minor axis (b) 
–  Ellipsoid coordinate system (φ, λ, h) 

•  Plane, cylinder, cone 
–  Image surface fits the ellipsoid 
–  Projecting from the base surface into the image surface 

•  Projection 
–  Coordinate system of the image surface 
–  Projection system (easting, northing, heights) 



1.12. Data models and dimensions 

Data models can be grouped on the basis of the regularity/
irregularity and the extents of the geometry. 
 
 Dimension of extent Regular model 

! raster " 
Irregular model 
! vector " 

0D - none(pixel, point) 
 

  
# 

 
1D - linear (linechain) 
 

  
 

2D - plain (polygon) 
 

  
 

3D – spatial (surface) 
 



1.13. Regular models 

•  Tesselation models: plane or space is built up from 
regular basic elements (rectangle, box…) 

•  Recursive models: iterative subdivision of the plane or 
space into similar units 

•  Most frequent regular model is the raster, plane is divided 
into rectangles (pixel), space is divided into cuboids 
(voxel). 

Raster/grid/matrix Quadtree (2D)  
Octtree (3D) 

Pyramid layers 



1.14. Raster datamodel 

•  Built up from Rectangles (cell, pixel) 
•  Rectangles are arranged into: rows, columns, bands 
•  Each raster cell (pixel) stores attributes (height, temp.) 
•  Georeference: raster is referenced to the Earth 
•  Raster files can be large, compression is beneficial 
•  Overview or pyramid images for quick access 

Pixel Rows by columns 

Bands 



1.15. Irregular/Vector datamodel 

•  Built up from irregular geometric shapes 
•  Definition of the geometry breakpoints with vectors: 

–  2D (x,y) planar 
–  3D (x,y,z) spatial 
–  4D (x,y,z,t) spatial- and temporal 

•  Points, polylines, polygons, multipart objects 
•  Storage of descriptive data: 

–  Same table with geometry 
–  Separate table (1-1 connection) 

•  Topology: spatial relationship between objects 
(proximity, contact, overlap, containment) 

•  Can be stored in files or SQL database 



1.16. Comparison of datamodels 

Property Regular datamodel 
! raster " 

Irregular datamodel 
! vector " 

Production Simple, automatic Labor intensive 

Geometric accuracy Less accurate (m) Accurate (cm) 

Data storage Matrix Sequential 

Storage space Large Small 

Search algorithms Fast Slow 

Spatial relations Simple Complex 

Spatial analysis Simple Complex 

Spatial sampling Regular Variable 

Information retrieval Detailed and consistent Essential and inconsistent 

Limitation period Short Long 

Update Simple Complex 



1.17. Geodata management 
Types of Geographic Information management: 
•  Data entry, input 
•  Storage 
•  Query 
•  Filtering 
•  Sorting 
•  Modification 
•  Deletion 
•  Summary 
•  Analyses 
•  Simulation 
•  Visualization 
•  Print 



1.18. Displaying Geographic Information 
•  Thematic layers 

–  Quering and displaying geodata 
•  Thematic classes 

–  Data groups, unique values, ranges 
•  Cartographic database 

–  Attributes stores the display settings 
•  Displaying the geographic objects: 

–  Shape, colour, size, symbol, linetype, filltype 
•  Other possibilities: 

–  Labeling (font, size, colour, style, rotation) 
–  Cartodiagrams (pie, bar…) 
–  Transparency, hatching 
–  Images, pictograms, composite symbols 

 



2. Lecture 
Reference Systems 



2.1. Basic Reference systems 

Geocentric coordinate system (x,y,z) Geoid – level surfaces of the gravity field 

Ellipsoid coordinate system (Lat, Lon, Alt) Projected coordinate system (y,x,h)  



2.2. Base surface, Planar projection 

•  Base surfaces: geoid, sphere, ellipsoid (lat, lon, alt) 

•  Planar projection (shrinked, conform/equal area): 
Sphere (R) Ellipsoid (a,b) 

Polar Equatorial Oblique 



2.3. Cylindrical and conic projections 

•  Cylindrical projection (shrinked, conform/equal area): 

•  Conic projection (shrinked, confrom/equal area): 
Oblique Transverse 

Normal 

Latitudes 

Central meridian 



Stereographic projection 
(conform, planar) 

2.4. Common Projections 

Equal Area Conic projection 

Mercator projection 
(conform, cylindrical) 

Robinson projection 
(general distorsion, imaginary) 



2.5. Definition of projection systems 

•  Ellipsoid definition: 
–  Semi-major axis (a) 
–  Semi-minor axis (b) or flattening (f = (a-b)/a) 
–  Difference from WGS84 ellipsoid (dx, dy, dz) 
–  Rotation from WGS84 ellipsoid (rx, ry, rz) 
–  Scale deviation from WGS84 ellipsoid (s) 

•  Projection definition 
–  Type of projection: stereographic, UTM, Lambert-conic…  
–  Reference latitude (φ0) and longitude (λ0) 
–  Optional latitudes (oblique, conic prj.) (φ1, φ2) 
–  Scale factor (shrinking, reducing distorsion) (d) 
–  Offset: False Easting / Northing (FE, FN) 



2.6. Transformation between Projection Systems 

•  Projection differs (same ellipsoid): 
–  Transformation from Source Projection into the Ellipsoid 

# #e1, n1 => φ1, λ1 
–  Transformation from Ellipsoid into the Target projection 

  φ1, λ1 => e2, n2 

•  If Ellipsoid differs: 
–  Transformation from Source Projection into Source Ellipsoid 

  e1, n1 => φ1, λ1 
–  Transformation from Source Ellipsoid into the Target Ellipsoid 

  φ1, λ1 => φ2, λ2 
–  Transformation from Target Ellipsoid into Target Projection 

  φ2, λ2 => e2, n2#



2.7. Transformation between Ellipsoids 

1. From ellipsoidal coodinates to Geocentric coordinates: 
 φ1, λ1 => x1, y1, z1 

2. Seven-parameter Spatial transformation from Source 
ellipsoid to the WGS84 ellipsoid: 
 x1, y1, z1  rotation, scale, offset => x2, y2, z2 

3. Seven-parameter Spatial transformation from WGS84 
ellipsoid to the Target ellipsoid : 
 x2, y2, z2  rotation, scale, offset => x3, y3, z3 

4. From Geocentric coordinates to the ellipsodial coordinates: 
 x3, y3, z3 => φ2, λ2 



2.8. Reference Systems in the 
Geoinformation Softwares 

•  Definition the Ellipsoid and Projection System of the Map View 
•  Selection of the map and distance units of View Coordinate 

system 
•  Display the Ellipsoid and Projection System of the Layers 
•  Changing the Ellipsoid and Projection System of the Layers 
•  On-the-fly transformation between the Layer�s to the View�s 

Projection Systems 
•  Permanent transformation between the Layer�s to the View�s 

Projection Systems 
•  Custom ellipsoid and projection definition 



3. Lecture 
Creation of a Geodatabase 



3.1. Geodatabase Creation Steps 

Outline: purpose, hardware, software components, data 
model, data storage, data source, users, regulations. 

 
Theoretical model: How manys object types are required? 

What is the connection between the datatables? 
 
Logical model: How many attributes/data fields are needed 

to describe the object types? What is connection between 
the datafields of the datatables? 

 
Physical model: database definition (tables, fields), and 

filling the tables with data 



3.2. Building from layers 

One datatable $ One layer. One record $ One geometry. 



3.3. Planview: layers from above 
bottom-up layer drawing order 



3.4. Several layers from one datasource 

Points 

Lines 

Polygons 



3.5. Creating Data Tables 

•  Selection of Data Storage method (files, database) 
•  Selection of Reference system and units 
•  Metadata recording (operator, source, accuracy…) 
•  Choise of Datamodel for geometry (raster, vector) 
•  Selection of the Shape of the geometry 

–  Points 
–  Lines, polylines 
–  Polygons, multpart polygons 

•  Selection of the dimension of the coordinates 
–  2D planar (x,y),  
–  3D spatial (x,y,z),  
–  4D spatio-temporal (x,y,z, time or measurements) 



3.6. Creating Data Tables 

•  Property (datafield) definition: minimun number of 
attributes to describe an object type 

•  Definition of each Datafield:  
–  Name 
–  Type 
–  Width 
–  Decimal places 

•  Most frequent Datafield Types (type of property): 
–  Number (integer, real, precision) 
–  Text (fixed or variable length, ANSI or Unicode) 
–  Date/Time (short, long date, timestamp) 
–  Logical/Boole 



3.7. Creating Data Tables 

•  Futher datafield types: 
–  Counter (not modifiable) 
–  GUID (Globally Unique Identifier, 16 bytes) 
–  Notes (large amount of text) 
–  Media data (image, photo, sound, video) 

•  Rule definiton for datafields: 
–  Copying last value 
–  Increasing last value 
–  Cannot be Null (must be fill in) 
–  Unique value (no repetition) 
–  Enumeration fields (Only predefined values) 
–  Calculated fields (Area, Perimeter, Position) 



3.8. Definition of Datafields 



3.9. Geodata Creation 

•  Sources of Geospatial data: 
–  Digitizing (scanned maps, aerial and satellite images) 
–  Field Surveying (Geodesy, GPS data collection) 
–  Editing (intersection, offset, polar survey) 
–  Editing based on another layer (joining points) 
–  Stereo photogrammetry 
–  Import from external databases 
–  Spatial extension of an attribute table 

•  The Creation of Geometry can be: 
–  Manual (on-screen digitization) 
–  Semi-automatic (tracing lines till intersection) 
–  Automatic (full digitization, import, photogrammetric surface 

extraction) 



3.10. Manual digitizing of a hand-drawn forest map 



3.11. Manual editing of Polygon features 



3.12. Automatic digitization of a contour map 



3.13. Attribute data and Controlling 

•  Attribute data entry: 
–  Immediately after the creation of the geometry (Forms) 
–  After creating all the geometry data, shared views of the map 

and the attributes are required 
–  Some data field can be calculated (area, perimeter, position) 

•  Controlling, Verification, Supervision: 
–  Each datafield is entered? 
–  Is there any contradiction among attribute data? 
–  Is there any record/geometry repetition? 
–  Is there any polygon overlapping? 
–  Is there any gap between the polygons? 
–  Are the polylines connected in the nodes? 
–  Is there any missing feature? 



3.14. Attribute data entry after full Digitizing 



3.15. Data entry rigth after the Creation of a Polygon  



4. Lecture 
Vector Data Analysis 



4.1. Filtering, Selection, Classification 

•  Filtering: load features, if a condition is true 
•  Selection: highlight features, if a condition is true 
•  Classification: creating groups, unique values, intervals 
 
 
•  Basic Expressions: [datafield] relation [constant] 

Species=„Beech�    Species=„Beech� And Height>20 
•  Complex expressions: 

mathematical-, date-, string functions,  
•  Geometrical functions:  

contain, intersect, overlap, touch, proximity 



4.2. Filtering and Classification 

Data Source 
Data tables 

Filter expression 
Classification expression 

Classes and its intervals 

Label expression 



4.3. Operations on Data Tables 

•  Filtering, Selection, Ordering 
•  Classification: grouping, unique values, intervals 
•  Aggregation: numeric values (Sum, Mean, Deviation) 
•  Field calculation, Field Statistics 
•  Record Deletion 
 
•  Data Structure: New Data Field, Modify, Deletion 
•  Relational Connection between two Data Tables 

ForestPolygon.ID = TreeSpecies.ID 
•  Object-oriented database 

One Object and All Related Records 



4.4. Definition of the Relational Connections 



4.5. Object-oriented Data Display 



4.6. SQL – Structured Query Language 
•  Created by IBM, Standard for Relational Database Management 

Systems – for RDBMS (Oracle, MS-SQL, Sybase, RDB2) 
•  Query records:  

SELECT field1,… FROM table WHERE condition 
•  Add record: 

INSERT INTO table (field1,…) VALUES(value1,…) 
•  Modifing records: 

UPDATE table SET field=value,… WHERE condition 
•  Removing records: 

DELETE FROM table WHERE condition 
•  Data Definition: 

CREATE TABLE name (field1 type [(width)], field2…) 
•  Geometry in RDBMS (varchar, blob) 
•  Spatial extensions in RDBMS (Oracle Spatial): spatial Query 



4.7. Basic Geometrical Calculations 

•  Point in Polygon: 
How many times a vertical line 
form the point crosses the sides  
of the polygon? If odd times, than  
the point is inside the polygon. 
 

•  Intersection of two Line segments: 
Parametric formula: 

  
 
Solution for t,u parameters. 
Within segments: t,u=0…1 

( )
( ) uQQQQ

tPPPP
⋅−+=

⋅−+=

010

010 P0 

P1 Q0 

Q1 



4.8. Selection by Geometry 

•  Selection by Geometric Shapes:  
point, polyline, polygon, circle, ellipse, rectangle 

•  Spatial Relationship between Two Geometries:  
–  Contain, Within 
–  Intersection, Overlap 
–  Touch 
–  Proximity 

•  Selection by All Geometries of a Layer 
•  Selection by the Selected Geometries of a Layer 



4.9. Operation on One Vector Source 



4.10. Dissolve Forest Sub-Compartments 



4.11. Generalization 

Remove Breakpoints, if the distance or the angle from the 
line between the previous and next point is less, than a 
given tolerance. 

Distance from the Line 

Angle between the lines 



4.12. Buffer zones 

Set of points within a given distance from a Geometry. 

Point 

Line 

Polyline 

Polygon 



4.13. Operations between Two Vector Sources 



4.14. Union, Subtraction, Intersection 
Line intersections, walkaround, 
join, set operations 



4.15. Spatial Join 
•  Which forest comparment contains the sample points? 
•  Which town is closer to the roads? 
•  Which settlements contains the parcels? 
 
•  Spatial Join: between two Vector datasources, setup 

connections between records on the basis of it spatial 
locations 

•  Spatial relationship between Geometries:  
–  Contain, Within 
–  Intersection, Overlap 
–  Contact 
–  Proximity 



4.16. Join Polygon to Points 

P1 

P2 

P3 

P4 A 

B C 

PONTID TYPE VALUE 

P1 P 15 

P2 Q 18 

P3 Q 20 

P4 R 25 

PARCEL SPECIES AREA 

A KTT 12.8 

B CS 10.5 

C B 11.3 

PONTID TYPE VALUE PARCEL SPECIES AREA 

P1 P 15 

P2 Q 18 A KTT 12.8 

P3 Q 20 A KTT 12.8 

P4 R 25 B CS 11.3 

Points Polygons 



4.17. Network Analysis 
•  Graph: nodes and lines 
•  Network exploration form one node 
•  Ordering of the Visited nodes 
•  Optimal path (shortest, fastest) 

START 

END 



4.18. Compex Analysis, Conversions 
•  Coordinate transformation: move, rotate, scale, 

projection, affine, polinomial, rubber-sheet transform 
•  Centerpoint and boundary Rectangle Calculation 
•  Convex Hull, Skeleton generation 
•  From Polygons and Polylines To Lines 
•  From Lines To Polylines 
•  From Polylines To Polygons 
•  From Multi-polygons To Simple Polygons and versa 
•  Multipication: grid or polar 
•  Orthogonality, smoothing 
•  From Vector To Raster 
•  From Vector To Surface Model 
•  Line and Area Division (given number, ratios) 



5. Lecture 
Geodatabases in Hungary 



5.1. Hungarian Geodatabases 
•  OTAB200 – Spatial Geodata Basis 1:200 000 
•  OTAB100 – Spatial Geodata Basis 1:100 000 
•  HMTH: DTA50/200 – Digital Topographic Basemap 
•  HMTH: DDM10/50 – Digital Elevation Model 
•  HMTH: RTA50 - Rasterized Topographic Basemap 
•  FÖMI: Corine, Landsat TM 
•  FÖMI: DAT, TAKAROS, KÜVET, BEVET 
•  FÖMI: MADOP and DDM5 
•  FÖMI: TOPO10 – 1:10000 Topographic maps (raster) 
•  TAKI, National Parks, Utilities, Roads, Water manag. 
•  Small Companies: GeoX, Top-Map, HiSzi 
•  MePAR (Agricultura), DET (Forestry) 
Introduction of the geodatabases… 



6. Lecture 
MePAR 



6.1. MePAR – Agricultural Parcel 
Identifier System 

•  Area based subsidies, 300 000 farmers 
•  Agricultural Offices, EU supervisor 
•  FÖMI: creating the block system based on ortophotos 
•  Blocksystem mirrors the natural states 
•  Nationwide database 



6.2. MePAR – GIS  



6.3. MePAR – Registration, printing 



6.4. MePAR – Individual map 



7. Lecture 
Geodatabases in the world 



7.1. Geodatabases in the world 

•  Geoid undulation 
•  BlueMarble 
•  Landsat TM 
•  SRTM 
•  Google Maps, Earth 
•  Microsoft Bing 
•  INSPIRE 
•  ESRI Maps 
•  OpenGIS / OpenStreetMap 



8. Lecture 
Raster GIS 



8.1. Raster structure 

•  Content: photos, satellite images, maps, surface models 
•  Three-dimensional data structure (bands, rows, columns) 
•  Dimensions: number of bands, rows, columns, pixel format 
•  Pixel format: 1, 4, 8, 16, 32, 64 bits / pixel 

Pixel 
Raster (many bands) 

One band (rows by columns) 



8.2. Storage and compression 

•  Variants: band, row, column order 
–  BIP: bands interleaved by pixel 
–  BIL: bands interleaved by lines 
–  BSQ: band sequential 

•  Image File Formats: 
–  BIL, BMP, GIF, IMG, JPEG, LAN, PCX, PNG, RAS, TIFF 

•  Raster compression: 
–  Uncompressed, large storage needed 
–  RLE: run-length encoded 
–  LZW: bitcodes instead of repeating pixel patterns  
–  Huffman: variable bit length based on pixel frequency 
–  DCT: discrete cosine transform (essential and differential part) 
–  Wavelet: 2D transformation (essential and differential part) 



8.3. Overview image, Pyramid image 

Large rasters need: 
1.  Small overview image 
2.  Pyramid layers (2 by 2 aggregation) 
3.  Image tiles (split raster into 256 by 256 pixel blocks) 

3 levels of pyramid layers 



8.4. Raster georeference 

•  Datum (ellipsoid, transformation relative to WGS84) 
•  Projection system (type, parameters) 
•  Reference cell coordinates and cell size: 
 

•  Affine transformation: offset, rotate, scale 
•  Affine transformation stored in World file (*.tfw) 

Coordinates of the top-left pixel center 

Pixel width and height in 
the projection system 



8.5. Thematic codes 

•  Thematic codes (content, category, land cover etc.) 
•  Null cell (null value: -9999) 

Result of the Rasterization  Rasterization of a Vector map 



8.6. Raster Analysis 

Analytic functions are grouped by scope: 
•  Local functions: inside a pixel 
•  Focal functions: pixel and its neighbours 

–  Linear: linear convolution 
–  Adaptive: non-linear algorithms 
–  Incremental: non-linear algorithms on surfaces 

•  Zonal functions: zone = pixels of the same value 
•  Global functions: entire raster 



8.7. Local functions 

•  Operation inside a pixel, between band values 
•  Pixel: intersection of a row and a column, many bands 
•  Operations: 

–  Sum/difference of bands 
–  Ratio of two bands 
–  Mathematical functions 

•  Pixel statistics: 
–  Minimum of band values 
–  Maximum of band values 
–  Average of band values 

Ratio of two bands 



8.8. Focal functions 

•  Pixel and its neighbours 
•  Mask: define shape and size of the neighbouring area 
•  Mask shape: square, rectangle, cirle… 
•  Mask size: 1x3, 3x3, 5x5, 9x9… 
•  3 subtype: 

–  Linear functions 
–  Adaptive (non-linear) functions 
–  Incremental functions 

Image sharpening 



8.9. Linear functions 

•  Convolution filters working on a pixel and its neighbours 
•  Calculation: sum of product of pixels and the filter values 
•  Types: edge detection, smoothing, sharpening, derivatite 

Mask:3x3, n=1 

Current pixel 

Calculation: 

Laplace edge detector Averaging 

Smoothing Sharpening 



8.10. Adaptive functions 

•  Non-linear functions on the pixel and its neighbours 
•  Mathematical algoritms: 

–  Average, deviation 
–  Minimum, maximum 
–  Frequent value, median 
–  Edge-preserving smoothing 
–  Local contrast 
–  Noise reduction 

Edge-preserving smoothing 



8.11. Incremental functions 

•  Non-linear functions on the pixel and its neighbours, if 
the source raster is a digital elevation model 

•  Calculation of the Partial derivatives (dx,dy): 

•  Slope:  
•  Aspect: polar angle of k(-dx,-dy) vector 
•  Illumination: scalar product of n(-dx,-dy,1) vector and 

f(x,y,z) light vector (=1 full illumination, <0 shadow) 
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8.12. Examples of incremental functions 

Shaded elevation model Slope model 

Aspect model Illumination 



8.13. Zonal functions 

•  Pixels of the same value create zones 
•  Mathematical functions of the zone pixels (mask) 
•  Statistics: 

–  Area, number of pixels 
–  Average, deviation 
–  Minimum, maximum 
–  Frequent value, median 
–  Reclassification 

•  Local functions within the zone pixels 
•  Focal functions within the zone pixels 



8.14. Global functions 

•  Operations on the full raster 
–  Average, deviation, correlation 
–  Minimum, maximum 
–  Frequent value, median 
–  Reclassification (code changing) 
–  Classification (training area, testing area) 

•  Zone around pixels (buffer zone) 
•  Cost surface (increasing distances, increasing values) 
•  Viewshed (visibility from viewpoints) 
•  Hidrologycal analysis 

–  Waterflow, water accumulation, watershed 
•  Spreading models 

–  Groundwater, water and air pollution, forest fire 



8.15. Viewshed and longitudinal section 



8.16. Elevation model and water accumulation 



8.17. Watershed and water accumulation 



8.18. Kolontár – modelling red mud spill from reservoir 

Red mud: by-product of aluminum production, highly alkaline, hazardous waste 
OZIRIS system HM Mapping Corp. On the basis of DTA-50 és DDM-50 databases. 



9. Lecture 
Raster based Surface Modeling 



9.1. Aim of Raster Surface Modeling 
•  Start from irregular pointset (Scattered Points) 
•  Points coordinates are given: x, y, z 
•  Z coordinate can be: height, temperature, pollution ... 

•  Spatial interpolation based on Nearby points 
•  Fast Selection of Nearby points 
•  Local Surface fitting on the basis of Nearby points 
•  Calculation of height using this local Surface 

•  Result: 1 band raster data structure 
•  Georeference: raster boundary and resolution 
•  Pixels: weighted average of Z of the source points 



9.2. Raster Surface Modeling 

Interpolated Height Nearby Points Distant Points 



9.3. Point Scan, spatial indexing 

•  Select the nearest N points (quarters) 
•  Select points within a Circle (given radius) 
•  Scanning using Linear search 
•  1D Binary Search: sorted array by x 
•  2D Binary Search : Storing data points in a grid 
•  QuadTree Indexing: spatial subdivision 
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9.4. Definition of Barriers 

•  2D Barriers: Restriction of scanning 
•  3D Barriers: Limit but using in 3D interpolation 
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9.5. Overview of Interpolation Methods 
•  Nearest Neighbor (NN) 
•  Average of Nearest N Points 
•  Triangle planes (TIN) 
•  Weighted average of Nearest N Points: 

–  Inverse distance to a power: w = 1/d2 

–  Exponential functions: w = exp (-dk) 
•  Minimum curvature (iterative refinement) 
•  Local polynomials (1 ... 5-degree polynomials) 
•  Radial basis functions (splines) 
•  Kriging (geostatistics) 
•  Natural neighbors (Thiessen) 
•  Correction based on hydrology (HydroDEM) 

∑

∑

=

== n

i
i

n

i
ii

yx

w

zw
z

1

1
,



9.6. Comparison of 3 Methods 

•  Interpolation (pass through the source points) 
•  Approximation (pass near the source points) 



9.7. Inverse Distance2 

•  Simple Weighting 
•  Peaks and Depressions 



9.8. Kriging (Geostatistics) 

•  Variogram: height differences depending on the distance 
•  Setup a system of equations using variograms and nearest 

point in each grid cell to calculate the height 



9.9. Variogram 



9.10. Minimal Curvature 

•  Initial interpolation, then iterative improvement 
•  Curvature: current pixel height – mean of nearby pixel 

heights 



9.11. Spline interpolation 

•  Setup of Cubic or Fifth Order bivariate polynoms 



9.12. Contour Display 
•  In each cell calculating the intersection of the entering 

and leaving lines on the four edges 



9.13. Wireframe Model 

•  Axonometric or Perspective Visualization 



9.14. Operations 

•  Smoothing (weighed average of nearby pixels) 
•  Partial derivatives:  

–  Height changes in x,y direction (1st and 2nd order) 
–  Curvature 
–  Slope 
–  Aspect 

•  Differences from the source points (residual) 
•  Modification 

–  Cut & Fill 

•  Volume Calculation (numerical integral) 
•  Creating Sections 

–  Longitudinal, cross 



10. Lecture 
Vector based Surface Modeling 



10.1. Vector based Surface Modeling 

Aims: 
•  Fitting a Surface on scattered points using vectors 
•  Compilation of target Surface using finite number of 

simple geometric Elements: triangles, rectangles, 3rd 
or 5th order surfaces 

•  Most frequently: Triangulated Irregular Network, TIN 
•  Smooth surfaces: Use a higher order polynomials 

within the triangle (1st or 2nd order Connection) 
•  3D Visualization (Graphics cards + OpenGL, DirectX) 
•  Operations and Calculations 



10.2. Delaunay triangulation 

•  There is no point within the circumscribed circle 
•  If there is a point, then flip the common edge 



10.3. Thiessen poligons (Voronoi diagram) 
•  Polygons defined by the Side bisectors of the Delaunay 

triangles – OR – points of a plane are assigned to the 
nearest triangle vertices 



10.4. Triangle Topology 

•  Important in creation, scanning, interpolation … 
•  Three vertices of the triangle (P1, P2, P3) 
•  Three adjacent trinagles (t1, t2, t3) 



10.5. Creating Triangular Mesh 

Generating TIN: 

•  Brute Force: Delaunay Examination of three points in 
all variations (n(n-1)(n-2)) 

•  Sweepline: linear and radial sweeping, flipping the 
already formed triangles (simple) 

•  Insertion: insert a new point into an existing triangle, 3 
new triangles are formed, flip is required (editing) 

•  Divide & Conquer method: iterative division of the 
pointset until 3 or 4 points remain, creation of 1 or 2 
triangles, then mergins triangles backwards, flipping 
after each merging (fastest) 



10.6. Constrained Triangulation 

•  Preserving the breaklines and shapelines of the surface 
•  Creating a constrained edge between two points using 

edge flipping 



10.7. Interpolation within a Triangle 

•  Linear interpolation: triangle planes 
•  Bézier triangle: weighting 10 controlpoint by 

baricentric coordinates 
•  Akima interpolation: 5th order bivariate polynom 
•  Subdivision: recursively divide the triangle 



10.8. Displaying TIN 

•  Contour lines 
•  Colours: height, slope, aspect, illumination 
•  1D texture: height scale, slope scale 
•  2D texture: ortophoto, satellite image, maps 
•  Accelerated 3D display (OpenGL, DirectX): 

–  Base elements are Vertices and Triangles 
–  Real-time rotation, panning 
–  Shading and shadows 
–  Transparency 
–  Visibility & Covering (Z buffers) 



10.9. Contouring 
•  Recursive subdivision of the triangles 
•  Simple hatching of one triangle 
•  Merging of line segments, labeling 



10.10. 3D perspective Aspect View 



10.11. Operations on TINs 

•  Smoothing: local averaging each meshpoints using the 
adjacent triangles 

•  Generalization: removing points, where the curvature 
is small ( | average height of the nearby points – height 
of the current point | < ε) 

•  Difference Surface: after merging, subtraction of the 
heights 

•  Volume: space above the planar triangles, Bézier 
riangle: V= t0 / 20 Σ Κi  

•  Sections: longitudinal and cross sections 
•  Conversion: TIN > points > rasters > contours 


