
What is GIS?
• A special kind of Information System

• Special information about what is 
where on the Earth's surface

• is a system designed to capture, 
store, manipulate, analyze, 
manage, and present all types of 
spatial or geographical data.



History of GIS: the 
1960’s

• First attempts at computer-based map 
overlay

• Leader: Canada GIS (CGIS)
– Goal: to develop land management plans for 

large areas of rural Canada

– Factors:  forest & mineral resources, wildlife 
habitats, water resources

– Hindered by limitations of computers similar to 
our modern hand calculator!



History of GIS: the 1960’s



1960’s: Academia

• Harvard Laboratories – 
“SYMAP”

• First real demonstration 
of computer’s ability to 
make maps

• Aim: produce thematic 
maps of statistical data 
depicted in census 
tracts quickly and 
cheaply



US Government:
The Census Bureau

• Goal: Create a digital version of 
various types of maps

• Functions needed:
–Comprehensive set of street maps for 

whole country 
–Analyze and report data at different 

levels: Addresses > Blocks > Census 
tracts

• 1970 census included a digital map



Industry

• Environmental Systems Research Institute 
(ESRI)
– Environmental consulting firm founded in 1969
– Digital mapping products needed were 

unavailable, so…

• Intergraph
– Founded by former IBM Engineer in 1969 as M&S 

Computing
– Later renamed to Intergraph Corporation in 

1980
– Initially: Computer-Assisted Drafting (CAD) and 

Computer-Assisted Manufacturing (CAM)
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 Benefit of GIS

• Cost Savings from Greater Efficiency
• Improved Communication
• Better Decision Making
• Better Record Keeping
• Managing Geographically

http://www.esri.com/what-is-gis



 Components of GIS
• Computer Hardware
• Computer Software 

• Tools for the input and manipulation of geographic 
information

• A database management system (DBMS)
• Tools that support geographic query, analysis, and 

visualization
• A graphical user interface (GUI) for easy access to tools

 Spatial Data from REAL WORLD
• One of the most important but often expensive 

component

• Trained Personnel
• Methods 



 Components of GIS



Functional  Components of 
GIS



Functions of GIS



Major GIS-Only 
Journals

• Cartography and 
Geographic Information 
Science 

• Geographic Information 
Systems

• GeoInformatica
• International Journal of 

Geographical Information 
Science 

• Journal of Geographical 
Systems

• Visual Geosciences
• Transactions in GIS
• Journal of Geographic 

Information and Decision 
Analysis 



Specialty Journals

• GIS Law
• GrassClippings
• GIS Asia/Pacific
• GIS World 

Report/CANADA
• GIS Europe
• Mapping Awareness



Regular GIS Papers
• Annals of the Association of 

American Geographers
• Cartographica
• Cartography and GIS
• Computers, Environment, 

and Urban Systems
• Computers and 

Geosciences
• IEEE Transactions on 

Computer Graphics and 
Applications

• Photogrammetric 
Engineering and Remote 
Sensing



Occasional GIS papers

• Cartographic Perspectives
•  Journal of Cartography
• Geocarto International
• IEEE Geosciences
• International Journal of Remote 

Sensing
• Landscape Ecology
• Remote Sensing Review
• Mapping Science and Remote 

Sensing
• Infoworld



Popular Distribution Magazines 
some with free subscriptions

• Geospatial 
Solutions

• ArcNews
• ArcUser
• Geoplace 

(online)
• GPS World



Chapter II



Methods of Data Capture

•  Field Data Collection 
– (Global Positioning Systems technology)
– COGO, or Coordinate Geometry technology that gives 

you the flexibility of using geometry factors to delimitate 
features, such as curves, intersections, centerlines, etc.

• Satellite Data
– LANDSAT
– SPOT

• Map Scanning
• Digitization
• Photogrammetric Compilation (Arial Photographs)
• Tabular Data Entry
• Translation of Existing Digital Data



Spatial Data 
Model• Vector Data 

Model

• Raster Data 
Model



Spatial Data 
Model



Vector Data Model



Vector Data 
Model



Vector Data 
Model



Vector Data 
Model



Vector Data 
Model



Vector Data 
Model



Vector Data 
Model



Vector Data 
Model



Vector Data 
Model



Spatial Data Model



Spatial Data Model













GIS Analysis Model
Graphical modeling framework tied to actual GIS functions

Functions, Data, Numerical Models, Tools, etc.



ArcGIS 9 Model Builder



ArcGIS 9 Model Builder



• Coordinate systems are defined by
– number of dimensions (1, 2 or 3)
– sequence/name of coordinate values (x, y, z)
– unit scaling factor and system (meters)
– origin of axes, direction of axes

• Coordinate systems can be based on a geodetic 
reference (datum) and a map projection

Coordinate System and Projection 
System



Cartesian coordinate 
systems

• Named after mathematician René 
Descartes

• Mutually orthogonal system of straight 
axes as a complete reference 
framework for n-dimensional spaces

• Axes intersect at system‘s origin
• Metric, continuous measurement along 

axes
• Projections of spherical surfaces result 

in 
2-d cartesian systems



Geographical coordinates
• Specify position on a 

spherical surface 
relative to rotational 
(polar) axis and 
center

• Angular (polar) 
measurements
– Latitude: angle from 

equatorial plane 
±90°

– Logitude: angle from 
Greenwich meridian 
±180°

• For planar display on 
a map a „projection 
transformation“ is 
needed



Specific earth ellipsoids
• Over time, dimensions of 

ellipsoids have been refined 
and adjusted for best fit in 
different regions on Earth

• Usually specific ellipsoids are 
given the name of the 
mathematician / surveyor in 
charge and are specified as
– semi-major and semi-minor axes 

a,b 
– or a and 1/f, where f=a/b



Map projections
• A map projection is defined by

– name of projection
– type of projection (e.g. cylindrical - 

using different reference bodies)
– description (applicable parameters 

depend on type of projection)
– ellipsoid / datum parameters



 Type of Projection System



Geographic Coordinate System 



UTM: Universal Transversal 
Mercator System

• Worldwide the most important 
projection system for large scale 
mapping

• Transversal („horizontal“) cylindrical 
proj.

• Cylinder is repositioned for better fit 
at every 6° longitude, starting from 
the international dateline going east:

• Zones 1-60, each 6° wide around central 
meridian

• central meridian is scaled to <1 to disperse 
error

• central meridian set to constant value of 
500000m



Projected Coordinate System- 
Universal Transverse Mercator(UTM) 



















1. Define GIS. Explain the functional components of GIS. 
Also list some application of GIS.

2. What is the difference between spatial and non-spatial 
data?

3. Define projection. Explain Nepal datum and Nepalese 
Projection System with all parameters.

4. What is DTM? Does TIN belong to a raster or a vector 
model and why? 

5. What are the different type of spatial data capture 
techniques?

6. Explain different type of Raster models.  What do you 
mean by raster overlay ? Give suitable examples?

7. What is proximity analysis? Explain the following vector 
functions with a suitable example (Spatial and tabular).
a. Merge
b. dissolve
c. clip
d. intersect
e. union

8. What is geo-referencing? How do you geo-reference an 
image and convert to vector data (point, line and polygon)?



9.  Label vertex, node, arc and polygon for following 
figure and write down different vector models of 
given figure.

10.What is map layout? Prepare a template map layout 
indicating all the marginal information in a map.

11.Write down equivalent raster image of following 
vector data.



Fid Area Perimet
er

F_Code

0 25100
1 25110
2 25120
3 25130
4 25140
5 25150

12. Add a new field called "class" to the following 
table. Write down the necessary code to convert 
feature code (F_Code) to class.
 where F_code = 25100 is class = building

F_code = 25110, class = agricultural area
F_code = 25120, class = Forest
F_code = 25130, class = water body
F_code = 25140, class = grass
F_code = 25150, class = Industrial area



13. Write down equivalent binary flat file for 
following raster line.

14. The followings are groundwater vulnerability and 
pesticide hazard map. Calculate pesticide risk map 
of same area if risk = vulnerability x hazard 

5 6 1 1 1
5 5 4 4 3
5 4 6 5 4
5 6 6 7 4
3 6 7 7 5

10 11 11 15 15
10 12 12 15 15
10 10 14 17 10
14 15 14 15 10
13 12 12 15 15

Groundwater vulnerability mapPesticide hazard map



Global 
Positioning 

System (GPS)



Global Positioning System (GPS)

• The Global Positioning System (GPS) is a space-
based navigation system that provides location and time 
information in all weather conditions, anywhere on or 
near the Earth where there is an unobstructed line of 
sight to four or more GPS satellites. The system provides 
critical capabilities to military, civil, and commercial 
users around the world. The United States government 
created the system, maintains it, and makes it freely 
accessible to anyone with a GPS receiver.

• In addition to American system, there are other many 
GPS system like the Russian equivalent 
(GLONASS), the European equivalent 
(GALILEO), the Chinese equivalent (BeiDou-2), 
or other similar systems (GNSS).







• Space Segment (GPS satellites)
–  Navigation Satellites, which have an average 8.5 years lifespan, are renewed and 

evolve with technology. As of February 2016, there are 32 satellites at 20,200 
kilometers (12,600 miles) above the earth in the GPS constellation, 31 of which are in 
use. The additional satellites improve the precision of GPS receiver calculations by 
providing redundant. The satellites are spaced so that from any point on earth, at least 
four satellites (typically 5 to 8) will be above the horizon. There are four active satellites 
in each of six-orbital planes. Satellites orbit with a period of 11h58’ at an angle of 55° 
to the Equator to ensure coverage of polar regions and 60° to other orbits. Powered by 
solar cells, the satellites continuously orient themselves to point their solar panels 
toward the Sun and their antennas toward Earth. Each satellite contains one computer, 
four atomic clocks and a radio and is able to continually broadcast its changing position 
and time. 

• Control Components (GPS ground control stations)
– The ground control component includes the master control station at Falcon Air Force 

Base, Colorado Springs , Colorado and monitor stations at Falcon AFB, Hawaii , 
Ascension Island in the Atlantic , Diego Garcia in the Indian Ocean , and Kwajalein 
Island in the South Pacific. The control segment uses measurements collected by the 
monitor stations to predict the behavior of each satellite's orbit and atomic clocks. The 
prediction data is linked up to the satellites for transmission to users. The control 
segment also ensures that GPS satellite orbits remain within limits and that the 
satellites do not drift too far from nominal orbits. 

• User Component (GPS receivers)
– When we buy a GPS, we are actually buying only the GPS receiver and get free use of 

the other two main components, worth billions of dollars. The user segment (also called 
GPS receiver) is composed of hundreds of thousands of U.S. and allied military users of 
the secure GPS Precise Positioning Service, and tens of millions of civil, commercial and 
scientific users of the Standard Positioning Service. In general, GPS receivers are 
composed of an antenna, tuned to the frequencies transmitted by the satellites, 
receiver-processors, and a highly stable clock (often a crystal oscillator). They may also 
include a display for providing location and speed information to the user.

Components of GPS



Space Segment



Control Segment



User Segment



 GPS uses triangulation to determine a user's 
position.

How GPS works?



























Remote 
Sensing (RS)



























Global Positioning System (GPS)
1. Define GPS. Why GPS is useful for GIS? 
2. How GPS works? 
3. What are the components of GPS? Describe with their functions. 
4. What are the different errors in GPS? How they can be corrected?
5. What is differential GPS? Why is it necessary?

Remote Sensing
6. What is remote sensing? How it differ from GPS? 
7. Differentiate between active and passive sensor? How radar system 

works? Explain.
8. What are the different steps in remote sensing? Describe with 

illustrations.
9. Describe Electronic Magnetic Spectrum (EM) with illustrations.
10. What is atmospheric windows? Why is it important to develop sensors 

for RS?
11. What are the various platforms of RS to record EM spectrum? Describe 

briefly.



Cameras and Aerial 
Photography

• Cameras and their use for aerial 
photography are the simplest 
and oldest of sensors used for 
remote sensing of the Earth's 
surface

• Cameras are framing 
systems which acquire a near-
instantaneous "snapshot" of 
an area (A), of the surface.

• Camera systems are passive 
optical sensors that use a lens 
(B) to form an image at the focal 
plane (C), the plane at which an 
image is sharply defined.



Cameras and Aerial 
Photography

• Photographic films are sensitive to light from 0.3 
μm to 0.9 μm in wavelength covering the ultraviolet 
(UV), visible, and near-infrared (NIR)

• Panchromatic films are sensitive to the UV and the 
visible portions of the spectrum. Panchromatic film 
produces black and white images and is the most 
common type of film used for aerial photography.

• Cameras can be used on a variety of platforms 
including ground-based stages, helicopters, aircraft, 
and spacecraft. 

• Very detailed photographs taken from aircraft are 
useful for many applications 

• Aerial photos can provide fine detail down to spatial 
resolutions of less than 50 cm.



• Digital cameras record electromagnetic radiation 
electronically,  

• Instead of using film, it uses a gridded array of 
silicon coated CCDs (charge-coupled devices) that 
individually respond to  electromagnetic radiation. 

• Energy reaching the surface of the CCDs causes the 
generation of an electronic charge which is 
proportional in magnitude to the "brightness" of the 
ground area. A digital number for each spectral band 
is assigned to each pixel based on the magnitude of 
the electronic charge. 

• Quicker turn-around for acquisition and retrieval of 
data and allow greater control of the spectral 
resolution. 

• Capable of collecting data with a spatial resolution of 
0.3m, and with a spectral resolution of 0.012 mm to 
0.3 mm. 

• The size of the pixel arrays varies between systems, 
but typically ranges between 512 x 512 to 2048 x 
2048.

Cameras and Aerial 
Photography



Digital 
ImagingIntroduction; 

Digital Image; 
Sensor; 
Imaging by Scanning Technique; 
Hyper-spectral Imaging; 
Imaging by Non-scanning Technique; 
Thermal Remote Sensing; 
Other Sensors



Digital Imaging



Microwave Remote Sensing
• Microwave remote sensing, using microwave 

radiation using wavelengths from about one 
meter to a few tens of centimeters enables 
observation in all weather conditions without 
any restriction by cloud or rain.

• Whereas shorter wavelengths (e.g., visible and 
infrared) provide information on the upper 
layers of vegetation, the longer wavelengths of 
microwave and RF signals penetrate deeper 
into the canopy and substructure providing 
additional information

•  So, this is an advantage that is not possible 
with the visible and/or infrared remote sensing.



• Microwave region from 
about 1 mm to 1 m and 
covers the longest 
wavelengths used for remote 
sensing
• Ka, K, and Ku bands: very 

short wavelengths used in 
early airborne radar systems 
but uncommon today.

• X-band: used extensively on 
airborne systems for military 
reconnaissance and terrain 
mapping

• C-band: common on many 
airborne research systems 
(CCRS Convair-580 and NASA 
AirSAR) and spaceborne 
systems (including ERS-1 and 
2 and RADARSAT).

• S-band: used on board the 
Russian ALMAZ satellite.

• L-band: used onboard 
American SEASAT and 
Japanese JERS-1 satellites 
and NASA airborne system

• P-band: longest radar 
wavelengths, used on NASA 
experimental airborne 
research system.



Passive Microwave Remote 
Sensing

• A passive microwave sensor detects the 
naturally emitted microwave energy within its 
field of view. 

• This emitted energy is related to the 
temperature and moisture properties of the 
emitting object or surface.The microwave energy recorded by a 
passive sensor 

• emitted by the atmosphere (1), reflected from 
the surface (2), emitted from the surface (3), 
or transmitted from the subsurface (4)

Applications of passive microwave remote sensing 
include meteorology, hydrology, and oceanography.

• Used for  determine water and ozone content in the 
atmosphere

• measure soil moisture
• mapping sea ice, currents, and surface winds as well 

as detection of pollutants, such as oil slicks.



Active Microwave Remote 
Sensing

• Active microwave sensors provide their own source 
of microwave radiation to illuminate the target.

• Operates in day and night, and largely immune to 
smoke, haze, fog, rain, snow,

•  Active microwave sensors are generally divided into 
two distinct categories: imaging and non-imaging.

•  The most common form of imaging active 
microwave sensors is RADAR 
RAdio Detection And Ranging)



• is the capability of the radiation to 
penetrate through cloud cover and most 
weather conditions. 

• Because radar is an active sensor, it can 
also be used to image the surface at any 
time, day or night. These are the two 
primary advantages of radar: all-weather 
and day or night imaging.

• consists fundamentally of a transmitter, a 
receiver, an antenna, and an electronics 
system to process and record the data

RADAR Imaging



RADAR Imaging
• The transmitter generates successive short bursts 

(or pulses of microwave (A) at regular intervals 
which are focused by the antenna into a beam (B). 

• The radar beam illuminates the surface obliquely at 
a right angle to the motion of the platform. The 
antenna receives a portion of the transmitted 
energy reflected (or backscattered) from various 
objects within the illuminated beam (C). 

• By measuring the time delay 
between the transmission of a 
pulse and the reception of the 
backscattered "echo" from 
different targets, their distance 
from the radar and thus their 
location can be determined.



Airborne Versus Space-borne 
Radars
Airborne Radars

• Due to wider ranges of 
incidence angle (look angle), 
imaging geometry problems,

• flexible in their capability to 
collect data from different look 
angles and look directions. 
Additionally, an airborne radar is 
able to collect data anywhere 
and at any time (as long as 
weather and flying conditions 
are acceptable!).

• As with any aircraft, an airborne 
radar will be susceptible to 
variations in velocity and other 
motions of the aircraft as well as 
to environmental (weather) 
conditions.

Space-borne Radars
• Avoid imaging geometry problems 

since they operate at altitudes up to 
one hundred times higher than 
airborne radars.

• A space-borne radar does not have this 
degree of flexibility, as its viewing 
geometry and data acquisition 
schedule is controlled by the pattern of 
its orbit. However, satellite radars do 
have the advantage of being able to 
collect imagery more quickly over a 
larger area than an airborne radar, and 
provide consistent viewing geometry.

• Space-borne radars are not affected by 
motion of this type. Indeed, the 
geometry of their orbits is usually very 
stable and their positions can be 
accurately calculated.



Airborne Versus Space-borne 
Radars

In airborne radar, wide range 
of incidence angles, perhaps 
as much as 60 or 70 degrees, 
in order to achieve relatively 
wide swaths (let's say 50 to 
70 km)

At altitudes of several hundred 
kilometres, space-borne radars 
can image comparable swath 
widths, but over a much narrower 
range of incidence angles, 
typically ranging from five to 15 
degrees.



Visual Image Interpretation
• Interpretation and analysis of remote sensing imagery 

involves the identification and/or measurement of 
various targets in an image in order to extract useful 
information about them. 

• Targets in remote sensing images may be any feature 
or object which can be observed in an image, and 
have the following characteristics:
– Targets may be a point, line, or area feature. This means that 

they can have any form, from a bus in a parking lot or plane 
on a runway, to a bridge or roadway, to a large expanse of 
water or a field.

– The target must be distinguishable; it must contrast with 
other features around it in the image.

• Much interpretation and identification of targets in 
remote sensing imagery is performed manually or 
visually, i.e. by a human interpreter

• When remote sensing data are available in digital 
format, digital processing and analysis may be 
performed using a computer



Visual Image Interpretation
Manual interpretation

• Manual interpretation and 
analysis dates back to the early 
beginnings of remote sensing for 
air photo interpretation. 

• manual interpretation requires 
little, if any, specialized 
equipment

• Manual interpretation is often 
limited to analyzing only a single 
channel of data or a single image 
at a time due to the difficulty in 
performing visual interpretation 
with multiple images

• Manual interpretation is a 
subjective process, meaning that 
the results will vary with different 
interpreters

Digital processing

• Digital processing and analysis is 
more recent with the advent of 
digital recording of remote 
sensing data and the 
development of computers.

• digital analysis requires 
specialized, and often expensive, 
equipment

• digital analysis is useful for 
simultaneous analysis of many 
spectral bands and can process 
large data sets much faster than 
a human interpreter

• Digital analysis is based on the 
manipulation of digital numbers 
in a computer and is thus more 
objective, generally resulting in 
more consistent result



Elements of Visual 
Interpretation

•  Identifying targets in remotely sensed 
images based on following visual elements 
allows us to further interpret and analyze
– tone, 
– shape, 
– size, 
– pattern, 
– texture, 
– shadow, and
–  association



• Tone refers to the relative brightness or 
colour of objects in an image

• Generally, tone is the fundamental element 
for distinguishing between different targets 
or features. 

• Variations in tone also allows the elements 
of shape, texture, and pattern of objects to 
be distinguished.

Elements of Visual 
Interpretation

• Shape refers to the general form, 
structure, or outline of individual 
objects.

• Shape can be a very distinctive clue 
for interpretation. Straight edge 
shapes typically represent urban or 
agricultural (field) targets, while 
natural features, such as forest edges, 
are generally more irregular in shape, 
except where man has created a road 
or clear cuts. 

• Farm or crop land irrigated by rotating 
sprinkler systems would appear as 
circular shapes.



Size of objects in an image is a 
function of scale. It is important to 
assess the size of a target relative to 
other objects in a scene, as well as 
the absolute size, to aid in the 
interpretation of that target. 

A quick approximation of target size 
can direct interpretation to an 
appropriate result more quickly..

• Pattern refers to the spatial 
arrangement of visibly discernible 
objects. 

• Typically an orderly repetition of 
similar tones and textures will 
produce a distinctive and ultimately 
recognizable pattern. Orchards with 
evenly spaced trees, and urban 
streets with regularly spaced houses 
are good examples of pattern.

Elements of Visual 
Interpretation



Elements of Visual Interpretation
•Texture refers to the 
arrangement and frequency of 
tonal variation in particular areas 
of an image. 
•Rough textures would consist of a 
mottled tone where the grey levels 
change abruptly in a small area, 
whereas smooth textures would 
have very little tonal variation. 
•Smooth textures are most often 
the result of uniform, even 
surfaces, such as fields, asphalt, or 
grasslands. 
•A target with a rough surface and 
irregular structure, such as a forest 
canopy, results in a rough textured 
appearance. 
•Texture is one of the most 
important elements for 
distinguishing features in radar 
imagery.



Elements of Visual Interpretation

Shadow
• Shadow is also helpful in 

interpretation as it may provide an 
idea of the profile and relative 
height of a target or targets which 
may make identification easier. 
However, shadows can also reduce 
or eliminate interpretation in their 
area of influence, since targets 
within shadows are much less (or 
not at all) discernible from their 
surroundings. Shadow is also useful 
for enhancing or identifying 
topography and landforms, 
particularly in radar imagery.

Association
• Association takes into account the 

relationship between other recognizable 
objects or features in proximity to the 
target of interest. The identification of 
features that one would expect to 
associate with other features may 
provide information to facilitate 
identification. In the example given 
above, commercial properties may be 
associated with proximity to major 
transportation routes, whereas 
residential areas would be associated 
with schools, playgrounds, and sports 
fields. In our example, a lake is 
associated with boats, a marina, and 
adjacent recreational land.



Digital Image Processing
• Digital image processing may involve 

numerous procedures including formatting and 
correcting of the data, digital enhancement to 
facilitate better visual interpretation, or even 
automated classification of targets and 
features entirely by computer.

• most of the common image processing 
functions available in image analysis systems 
can be categorized into the following four 
categories:
– Preprocessing
– Image Enhancement
– Image Transformation
– Image Classification and Analysis



• Preprocessing functions involve those operations that are normally 
required prior to the main data analysis and extraction of information, 
and are generally grouped as radiometric or geometric corrections

•  Radiometric corrections include correcting the data for sensor 
irregularities and unwanted sensor or atmospheric noise, and 
converting the data so they accurately represent the reflected or 
emitted radiation measured by the sensor.

•  Geometric corrections include correcting for geometric distortions due 
to sensor-Earth geometry variations, and conversion of the data to real 
world coordinates (e.g. latitude and longitude) on the Earth's surface.

Digital Image Processing



Digital Image Processing

Image enhancement
•  is solely to improve the appearance 

of the imagery to assist in visual 
interpretation and analysis. 

• Examples of enhancement functions 
include contrast stretching to increase 
the tonal distinction between various 
features in a scene, and spatial 
filtering to enhance (or suppress) 
specific spatial patterns in an image.



Image transformations 
• are operations similar in concept to those for image enhancement. 

However, unlike image enhancement operations which are normally 
applied only to a single channel of data at a time, image transformations 
usually involve combined processing of data from multiple spectral bands.

•  Arithmetic operations (i.e. subtraction, addition, multiplication, division) 
are performed to combine and transform the original bands into "new" 
images which better display or highlight certain features in the scene. 

• We will look at some of these operations including various methods 
of spectral or band ratioing, and a procedure called principal 
components analysis which is used to more efficiently represent the 
information in multichannel imagery.

Digital Image Processing



Image classification and analysis
• are used to digitally identify and classify pixels in the 

data. 
• Classification is usually performed on multi-channel 

data sets (A) and this process assigns each pixel in an 
image to a particular class or theme (B) based on 
statistical characteristics of the pixel brightness values.

•  There are a variety of approaches taken to perform 
digital classification. 

• We will briefly describe the two generic approaches 
which are used most often, 
namely supervised and unsupervised classification.

Digital Image Processing



Data Integration, Analysis, and Presentation



Introduction; 
Development and Classification; 
Photogrammetric Process; 
Acquisition of Imagery and its Support 
Data; 
Orientation and Triangulation; 
Stereo Model Compilation; 
Stereoscopic 3D Viewing; 
Stereoscopic Measurement; 
DTM/DEM Generation; 
Counter Map Generation; 
Orthorectification; 
3D Feature Extraction and 3D Scene 
Modeling; 
Photogrammetry and LiDAR; 
Radargrammetry and Radar 
Interferometry; 
Limitations

Photogrammetry



Photogrammetry

Photogrammetry is the science of obtaining reliable 
information about the properties of surfaces and 
objects without physical contact with the objects, and 
of measuring and interpreting this information.



Photogrammetric Products and 
Procedures

• Photogrammetric products fall into three 
categories: photographic products, 
computational results, and maps.
– Photographic products are derivatives of single 

photographs or composites of overlapping 
photographs

– Aerial triangulation is a very successful application 
of photogrammetry and delivers 3-D positions of 
points, measured on photographs, in a ground 
control coordinate system, 

– most popular form for representing portions of the 
earth’s surface is the DEM (Digital Elevation Model)

– Maps are the most prominent product of 
photogrammetry: Planimetric maps, topographic 
maps, Thematic maps



Photogrammetric Products and 
Procedures

• Photogrammetric Input 
- aerial photograph

• Projection system-
• amount of data (~ 0.5 

GB of 9 inches size of 
photo)

• Implicit information - 
clearly expressed 
(data labeled, feature 
has attribute 
information…

• Output – map
• Projection system – 

Orthogonal
• Less amount of 

data 
• Explicit information 

- not directly 
expressed (pixel 
have no attribute 
…….)





Historical Development







Scale of Vertical Photograph 

• Ratio of distance in photo to the same 
distance on ground

• Photographs are not map..
• Orthophoto
• Scale of at any points,

–  s = f/(H-h)
– Savg = f= (H-havg)

• If the f, H, h are not available, but a map is 
available, 
– Photo scale = Photo distance/map distance x 

(map scale)



Scale of Vertical Photograph 



Relief displacement



Orientation and Triangulation



Stereo Model Compilation, 
Stereoscopic 3D Viewing and 
Stereoscopic Measurement
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