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DIGITAL IMAGE PROCESSING



INTRODUCTION TO DIP



How are images represented in the computer?



A Simple model of image formation

� The scene is illuminated by a single source.

� The scene reflects radiation towards the camera.

� The camera senses it via chemicals on film.



Image formation

� There are two parts to the image formation 

process:

� The geometry of image formation, which 

determines where in the image plane the 

projection of a point in the scene will be located.

� The physics of light, which determines the 

brightness of a point in the image plane as a 

function of illumination and surface properties.



REMOTE SENSING

Remote Sensing is the acquisition of physical data of an

object without touch or contact (Fintz and Simonett, 1976)

Remote Sensing is the acquisition of data about an object or

scene by a sensor that is far from the object (Colwell, 1983)

Information about the earth’s land and water areas from the

images/data acquired at a distance (Campbell, 1987)



"Remote sensing is the practice of deriving 

information about the earth's land and water 

surfaces using images acquired from an overhead 

perspective, using electromagnetic radiation in 

one or more regions of the electromagnetic 

spectrum, reflected or emitted from the earth’s 

surface.” (Campbell, 1996)
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Stage-1. Source of energy

Stage-2. Transmission of EMR towards the Object

Stage-3. Interaction of EMR with the Object
Stage-4. Transmission of Interacted EMR towards the Sensor

Stage-5. Recording of the Image by the Detector

Stage-6. Relay to Ground Station

Stage-7. Analysis of the Imagery

Remotely Sensed Data ???



ELEMENTS OF REMOTE SENSING

� ENERGY SOURCE

� THE ATMOSPHERE

� THE OBJECTS ON THE EARTH’S SURFACE

� PLATFORMS

� SENSOR SYSTEMS

� RECORDING SYSTEMS





REGIONS OF ELECTROMAGNETIC 
SPECTRUM



Electromagnetic Spectrum

� Remote sensing images are taken within 

specific spectral regions







Via media between Landscape/
satellite, Satellite/ground station

Any disturbing factor in this 
component for example clouds 
will negatively affect data
acquisition

Atmosphere



Atmospheric Absorption









PlatformsPlatforms

SCAFFOLDINGS, BUILDINGS

BALOON, AEROPLANE

SATELLITE

Ground based

Air based

Space based



Platforms Used to Acquire Remote Sensing Data

� Aircraft

� Low, medium & high altitude

� Higher level of spatial detail

� Satellite

� Polar-orbiting, sun-synchronous

� 800-900 km altitude, 90-100 minutes/orbit

� Geo-synchronous

� 35,900 km altitude, 24 hrs/orbit

� stationary relative to Earth



LISS III

PAN

WiFS

A device that records information
on earth features

Two Types

Aerial Photography:  Similar to normal 

Photography – the camera is in the Flying aeroplane 

at a height of 1.5 km and it gives a 3D nature

Satellite:  The sensors are fixed on a 
satellite revolving at a height of 800 – 900 km

Remote Sensing System



Several classes of sensors, determined by 

the principal parameter measured: 

Spectral; Spatial; Intensity.







� Radiometer is a general term for any instrument that quantitatively 

measures the EM radiation in some interval of the EM 

spectrum. 

� Photometer  is substituted when the radiation is light from the narrow 

spectral band including the visible

� Spectrometer:  If the sensor includes a component, such as a prism or 

diffraction grating, that can break radiation extending over a  

part of the spectrum into discrete wavelengths and disperse 

(or separate) them at different angles to an array of 

detectors.

� Spectroradiometer : sensors that collect the dispersed radiation in bands

rather than discrete wavelengths. Most air/space 

sensors are spectroradiometers. 

Most air/space sensors are spectroradiometers 



� ETM+ sensor

� 30-m XS (for 6 bands) & 60-m 
thermal

� 15-m pan band

� Image data (185 km by 185 km)

� $475 – raw data; $600 – corrected 
data

� NASA developing a global archive 
of ETM+

Landsat-7 Satellite



Band Wavelength 
(µm) 

Spectral 
Location 

Resolution 
(m) 

Pan 0.52-0.90 Pan 15 

1 0.45-0.52 Blue 30 

2 0.53-0.60 Green 30 

3 0.63-0.69 Red 30 

4 0.76-0.90 Near IR 30 

5 1.55-1.75 Mid IR 30 

6 10.4-12.5 Thermal 
IR 

60 

7 2.07-2.35 Mid IR 30 

7 

 



TM band 1

Blue – 0.45-0.52 µm

TM band 4

Near IR – 0.75-0.90 µm

Delaware, Ohio – 26 July 2000



Band Principal Applications 

1 Coastal water mapping, soil/vegetation discrimination, 
forest type mapping, cultural feature identification 

2 Measures green reflectance peak of vegetation for 
vegetation discrimination & vigor assessment, cultural 
feature identification 

3 Senses a chlorophyll absorption region aiding in plant 
species differentiation, cultural feature identification 

4 Determine vegetation types, vigor & biomass content, 
delineate water bodies, soil moisture discrimination 

5 Indicative of vegetation moisture content & soil moisture, 
differentiate snow from clouds 

6 Useful for vegetation stress analysis, soil moisture 
discrimination, thermal mapping applications 

7 Discrimination of mineral & rock types, sensitive to 
vegetation moisture content 

Pan Detailed mapping, useful in sharpening multispectral 
images 

 





Return Beam Vidicon (TV-like) on the 
Landsats 





� Each line is subdivided into a sequence of individual 
spatial elements that represent a corresponding square, 
rectangular, or circular area (ground resolution cell) on 
the scene surface being imaged

� Thus, along any line is an array of contiguous cells from 
each of which emanates radiation. 

� The cells are sensed one after another along the line. In 
the sensor, each cell is associated with a pixel that is 
tied to a microelectronic detector.

� Pixel : Picture Element, a pixel being a single point in a 
graphic image.

� Each pixel is characterized by some single value of 
radiation (e.g., reflectance) impinging on a detector that 
is converted by the photoelectric effect into electrons. 







� Pointillism

� French painter George Seurat in the 19th 

century





� Graphics monitors display pictures by dividing the display screen into 
thousands (or millions) of pixels, arranged in rows and columns.

� The number of bits used to represent each pixel determines how many colors 
or shades of gray can be displayed. 

� 8-bit color mode, the color monitor uses 8 bits for each pixel, making it possible 
to display 2 to the 8th power (256) different colors or shades of gray. 

� On color monitors, three dots -- a red, a blue, and a green one. Ideally, the 
three dots should all converge at the same point

� VGA systems display 640 by 480, or about 300,000 pixels.

� SVGA systems display 800 by 600, or 480,000 pixels.

� True Color systems use 24 bits per pixel, allowing them to display more than 
16 million different colors.

� Image resolution









Spatial Resolution

� The spatial resolution specifies the pixel size of satellite images 

covering the earth surface.



Spatial resolution





Spectral resolution

� The wavelength width of the different frequency bands recorded -

usually, this is related to the number of frequency bands recorded 

by the platform.

� The spectral resolution achieved by a sensor depends on the 

number of bands, their bandwidths, and their locations within the 

EM spectrum





� Radiometric resolution : differences of intensity, and is 

usually expressed as a number of levels or a number of bits, for 

example 8 bits or 256 levels.

� The higher the radiometric resolution, the better minute differences 

of intensity or reflectivity can be represented.



Temporal resolution

The frequency of flyovers by the satellite or plane, 

and is only relevant in time-series studies





SATELLITE RESOLUTION





High spatial resolution: 0.6 - 4 m

» GeoEye-1

» WorldView-2

» WorldView-1

» Quick Bird

» IKONOS

» FORMOSAT-2

» ALOS

» CARTOSAT-1

» SPOT-5

Medium spatial resolution: 4 - 30 m

• ASTER

• LANDSAT 7

• CBERS-2

• IRS

Low spatial resolution: 30 - > 1000 m

• TERRA MODIS 





Spectral Reflectance Curve

Spectral
Reflectance

High

Low

Spectral Region

Blue    Green     Red            Near IR                  Mid IR      

Water

Vegetation

Soil



Spectral signature of natural surfaces

The reflectance (%): The ratio of energy 

reflected by a surface at a given 

wavelength

Rocks and Soils: reflectance affected by : minerals, surface alteration, 

texture, structure, water content

Vegetation : related to photosynthetic activity 9plant phenology), plant 

morphology, leaf shape and water content

Water : low reflectance: most of the radiation is absorbed or 

transmitted. Reflectance is substantially modified by suspended 

materials (loams, algae) and depth  









Spectral signature of vegetation

The photosynthesis process uses solar radiation as a 

source of energy for the fixation of atmospheric CO2

Solar radiation (visible) is absorbed by the leaf pigments

Lower energy radiation (Near Infra Red) is emitted by leaf 

pigments



From Avery & Berlin, 1977

Reflectance from a leaf



































Rumalia, Iraq 



Manila, Phillipines (Mt. Pinatubo) 





Image Interpreter

The scientist who delineates the imagery is called Image interpreter. 
He gives meaning to the image based on the Tone, Texture, Size, Shape, etc.

Tone

Texture

Size & 
Shape



What is a Digital Image?

�A digital image is a representation of a two-dimensional 

image as a finite set of digital values, called picture 

elements or pixels



What is a Digital Image? (cont…)

�Pixel values typically represent gray levels, colours, 

heights, opacities etc

�Remember digitization implies that a digital image is an 

approximation of a real scene

1 pixel



What is a Digital Image? 

� Common image formats include:

� 1 sample per point (B&W or Grayscale)

� 3 samples per point (Red, Green, and Blue)

� 4 samples per point (Red, Green, Blue, and “Alpha”, 

a.k.a. Opacity)



Image formation

� Optical parameters of the lens

� lens type

� focal length

� field of view

� Photometric parameters

� type, intensity, and direction of illumination

� reflectance properties of the viewed surfaces

� Geometric parameters

� type of projections

� position and orientation of camera in space

� perspective distortions introduced by the imaging process



Image distortion



What is light?

� The visible portion of the electromagnetic (EM) 

spectrum.

� It occurs between wavelengths of approximately 400 

and 700 nanometers.



Short wavelengths

� Different wavelengths of radiation have different 

properties.

� The x-ray region of the spectrum, it carries sufficient 

energy to penetrate a significant volume or material.



Long wavelengths

� Copious quantities of infrared (IR) radiation are 

emitted from warm objects (e.g., locate people in total 

darkness).



Long wavelengths

� “Synthetic aperture radar” (SAR) imaging 

techniques use an artificially generated source of 

microwaves to probe a scene.

� SAR is unaffected by weather conditions and clouds 

(e.g., has provided us images of the surface of 

Venus).



Range images

� An array of distances to the objects in the scene.

� They can be produced by sonar or by using laser 

rangefinders.



Sonic images

� Produced by the reflection of sound waves off an object.

� High sound frequencies are used to improve resolution.







Digital image
� An image is represented by a rectangular array of 

integers.

� An integer represents the brightness or darkness of 

the image at that point.

� N: # of rows, M: # of columns, Q: # of gray levels

� N =       , M =       , Q = (q is the # of 

bits/pixel)
� Storage requirements: NxMxQ (e.g., N=M=1024, q=8, 1MB)

(0,0) (0,1) ... (0, 1)

(1,0) (1,1) ... (1, 1)

... ... ... ...

( 1,0) ( 1,1) ... ( 1, 1)
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Color images













Image coordinate system
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Image file formats

� Many image formats adhere to the simple model shown 
below (line by line, no breaks between lines).

� The header contains at least the width and height of the 
image.

� Most headers begin with a signature or “magic number” -
a short sequence of bytes for identifying the file format.



Common image file formats

� GIF (Graphic Interchange Format) -

� PNG (Portable Network Graphics)

� JPEG (Joint Photographic Experts Group)

� TIFF (Tagged Image File Format)

� PGM (Portable Gray Map)

� FITS (Flexible Image Transport System)



Image digitization

� Sampling means measuring the value of an image at  

a finite number of points.

� Quantization is the representation of the measured 

value at the sampled point by an integer.



Image digitization (cont’d)



Image quantization (example)

� 256 gray levels (8bits/pixel)     32 gray levels (5 bits/pixel)     16 gray levels (4 bits/pixel)

� 8 gray levels (3 bits/pixel)         4 gray levels (2 bits/pixel)          2 gray levels (1 bit/pixel)



Image sampling (example)

original image sampled by a factor of 2

sampled by a factor of 4 sampled by a factor of 8



What is Digital Image Processing?

�Digital image processing focuses on two major tasks

� Improvement of pictorial information for human 

interpretation

� Processing of image data for storage, transmission 

and representation for autonomous machine 

perception







What is DIP? 

�The continuum from image processing to computer vision 

can be broken up into low-, mid- and high-level processes

Low Level Process

Input: Image

Output: Image

Examples: Noise 

removal, image 

sharpening

Mid Level Process

Input: Image 

Output: Attributes

Examples: Object 

recognition, 

segmentation

High Level Process

Input: Attributes 

Output: Understanding

Examples: Scene 

understanding, 

autonomous navigation





Examples: Image Enhancement

�One of the most common uses of DIP techniques: 

improve quality, remove noise etc



Examples: The Hubble Telescope

�Launched in 1990 the Hubble 

telescope can take images of 

very distant objects

�However, an incorrect mirror 

made many of Hubble’s 

images useless

�Image processing 

techniques were 

used to fix this







Examples: Medicine

�Take slice from MRI scan of canine heart, and find 

boundaries between types of tissue

� Image with gray levels representing tissue density

� Use a suitable filter to highlight edges

Original MRI Image of a Dog Heart Edge Detection Image





Examples: Artistic Effects

�Artistic effects are used 

to make images more 

visually appealing, to add 

special effects and to 

make composite images



Examples: GIS

�Geographic Information Systems

� Digital image processing techniques are used 

extensively to manipulate satellite imagery

� Terrain classification

� Meteorology



Examples: GIS

�Night-Time Lights of 

the World data set

� Global inventory of 

human settlement

� Not hard to imagine 

the kind of analysis 

that might be done 

using this data







Key Stages in Digital Image Processing

Image 

Acquisition

Image 

Restoration

Morphological 

Processing

Segmentation

Representation 
& Description

Image 

Enhancement

Object 
Recognition

Problem Domain

Colour Image 

Processing

Image 

Compression



Key Stages in Digital Image Processing:
Image Acquisition

Image 

Acquisition

Image 

Restoration

Morphological 

Processing
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Enhancement

Object 
Recognition

Problem Domain

Colour Image 

Processing

Image 

Compression



Key Stages in Digital Image Processing:
Image Enhancement

Image 

Acquisition

Image 

Restoration

Morphological 

Processing

Segmentation

Representation 
& Description

Image 

Enhancement

Object 
Recognition

Problem Domain

Colour Image 

Processing
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Key Stages in Digital Image Processing:
Image Restoration

Image 

Acquisition

Image 

Restoration

Morphological 

Processing

Segmentation

Representation 
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Image 

Enhancement

Object 
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Problem Domain

Colour Image 

Processing

Image 

Compression



Key Stages in Digital Image Processing:
Morphological Processing

Image 

Acquisition

Image 

Restoration

Morphological 

Processing

Segmentation

Representation 
& Description

Image 

Enhancement

Object 
Recognition

Problem Domain

Colour Image 

Processing

Image 

Compression



Key Stages in Digital Image Processing:
Segmentation

Image 

Acquisition

Image 

Restoration

Morphological 

Processing

Segmentation
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Key Stages in Digital Image Processing:
Object Recognition
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Key Stages in Digital Image Processing:
Representation & Description
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Key Stages in Digital Image Processing:
Image Compression

Image 

Acquisition

Image 

Restoration
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Processing
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Key Stages in Digital Image Processing:
Colour Image Processing

Image 

Acquisition

Image 

Restoration

Morphological 

Processing

Segmentation

Representation 
& Description

Image 

Enhancement

Object 
Recognition

Problem Domain

Colour Image 

Processing

Image 

Compression



Entire image histogram

Pavement pixels only

Original image

Image histogram



Contrast enhancement or Contrast stretch
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Image Data Stretch/Band combination Color Composite

Selected bands are remapped (stretched) to fit the display device. The 

output image color space is called a look-up table.

Image display





COLOUR COMPOSITES



Natural color composite

3,2,1
False color composite

4,3,2





















Unsupervised classification

� Analyst has minimal interaction

� Computer algorithm searches for natural, 
inherent groupings in remote sensing 
images

� Clustering algorithm – ISODATA

� Analyst determines categories for these 
spectral groups by comparing classified 
image to ground reference data



Unsupervised classification

Source: Canadian Center

for Remote Sensing

































User

Persons or Government officials who plan
the resource management 

with the help of satellite data are called user



• Weather forecasting

• Communication and 

broadcasting

• Resources status on 

Global, regional and local 

level

• Agriculture

• Forestry and Biodiversity

• Geology, Structure and 

Minerals

• Landform

• Land use/Land cover

• Soil

• Water 

• Disaster  management

• Education

• Urban Planning

• Defence

APPLICATIONS OF REMOTE SENSING





























Sea Surface Study
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Questions?


