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“One picture is worth more than 10,000 words”
-Anonymous
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Learning Outcomes

This lecture will cover:

What is a digital image?

What is digital image processing?
Applications of digital image processing
Types of images
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Signals

* A function containing information about the behaviour or nature of
some phenomenon of interest.

* |n physical world, any quantity exhibiting variation in time and/or
space is potentially a signal.

Examples:

 1D- Tones, audio, speech, biomedical, remote sensing, etc...
 2D- Gray Scale, Color, MultiSpectral, Hyperspectral images, etc...
e 3D- Video, Volume, etc...

e 4D - Video of 3D Volume
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What is Digital Image?

A digital image is a representation of a two-dimensional signal as a
finite set of digital values, called picture elements or pixels

[llumination (energy)

..:7/ l\‘ source
L
T Output (digitized) image
Imaging system

(Internal) image plane

Scene element
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What is Digital Image? (Contd...)

An image is a two-dimensional function f (x, v), where x and y are spatial
coordinates, and the amplitude of f at any pair of coordinates (x, y)is
called the intensity or gray level of the image at that point.

Digital image: x, y, and the amplitude values of f are all finite, discrete
guantities .

Rememberdigitization implies that a digital image is an approximation of a
real scene | ' ]

Digital Image Processing (Unit-I: Introduction S ..lluew, rroIessor, vepl. Uil £k



Aditya Engineering College (A)

What is Digital Image? (Contd...)

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)

Digital Image
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RGB Images
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Why Digital Image Processing?

Digital image processing focuses on two major tasks
1. Improving the visual appearance of images to a human viewer
Eg: Image denoising, Image deblurring, super resolution
2. Processing of image data for storage, transmission and
representation for autonomous machine perception

Some argument about where image processing ends and fields such
as image analysis and computer vision start
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What is Digital Image Processing?

The continuum from image processing to computer vision can be broken up into
Low - level processes (Image to Image transformation)
Mid- level processes (Image to Information transformation)
High-level processes (Information to Image transformation)
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What is Digital Image Processing?

The continuum from image processing to computer vision can be broken up into
Low - level processes (Image to Image transformation)
Mid- level processes (Image to Information transformation)
High-level processes (Information to Image transformation)

|
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Low Level Process Mid Level Process | | High Level Process
Input: Image Input: Image | | Input: Attributes Output:
Output: Image Output: Attributes I | Understanding
l Examples: Noise removal, I Examples: Object . Examples: Scene >
image sharpening recognition, | | understanding,
segmentation | | autonomous navigation

|

|

|
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What is Digital Image Processing?

Analysis
Decision
Action
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Applications of Digital Image Processing
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Image Enhancement / Restoration

One of the most common feature of image processing is to improve
guality, remove noise etc...

» szl

g (Unit-l: Introduction)

D.r. G. Sridevi, Professor, Dept. of ECE
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Artistic Effects (Photo Editing)

Artistic effects are used to make images more visually appealing, to add special
effects and to make composite images
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Medicine (Edge Detection)

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
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* Human operators are expensive, slow
and unreliable

 Make machines do the job instead

* Industrial vision systems are used in all kinds
of industries
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Law enforcement

Image processing techniques are used extensively by
law enforcers
 Number plate recognition for speed
cameras/automated toll systems
* Fingerprint recognition
* Enhancement of CCTV images

222818126
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Types of Images

* Based on the radiation from the EM Spectrum
e Acoustic/Ultrasonic

* Electronic

* Synthetic

Digital Image Processing (Unit-I: Introduction) Dr. G. Sridevi, Professor, Dept. of ECE
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Electro Magnetic Spectrum

Electromagnetic waves can be conceptualized as propagating sinusoidal
waves of varying wavelengths or stream of massless particles.

 Each massless particle contains a certain amount (or bundle) of
energy.

 Each bundle of energy is called a photon.

* If spectral bands are grouped according to energy per photon, then
the following is the spectrum

Digital Image Processing (Unit-I: Introduction) Dr. G. Sridevi, Professor, Dept. of ECE
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Electro Magnetic Spectrum
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FIELDS IN DIGITAL IMAGE PROCESSING

Gamma Rays

X-Rays

Ultraviolet Rays

Visible and Infrared Rays
Microwave Rays

Radio Band
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Gamma X-ray Optical Infrared Radio

FIGURE 1.18 Images of the Crab Pulsar {in the center of images) covering the electromagnetic spectrum.
(Courtesy of NASAL)

Digital Image Processing (Unit-I: Introduction) Dr. G. Sridevi, Professor, Dept. of ECE



m Aditya Engineering College (A)
_f;ﬁ?@f@z

S THE NESCIENCE

Ultrasonic Imaging (Other Modalities)
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FIGURE 1.20
Examples of
ultrasound
imaging. (a} Baby.
(2) Another view
of baby.

(c) Thyroids

(d) Muscle lavers
showing lesion.
(Courtesy of
Siemens Medical
Svstems, Inc..
Ultrasound
Group.)
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Electronic microscope imaging (Other Modalities)

ychaefer. National Cancer Institute
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Synthetic Images (Computer generated)
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Thank You ALL
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Detailed Syllabus of UNIT - |

Introduction: Introduction to Image Processing, Fundamental steps in digital
image processing, components of an image processing system, image
sensing and acquisition, image sampling and quantization, some basic
relationships between pixels, an introduction to the mathematical tools used
in digital image processing.
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Fundamental Steps in Digital Image Processing
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Fundamental Steps in Digital Image Processing
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Fundamental Steps in Digital Image Processing
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Fundamental Steps in Digital Image Processing
Image Enhancement

f DAY

It is a process of manipulating an image so that the result is more
suitable than the original for specific application.

A method that is quite useful for enhancing X-ray images may not be
the best approach for enhancing satellite images taken in the infrared

band of the EM spectrum.

When an image is processed for visual interpretation, the viewer is
the ultimate judge of how well a particular method woks.
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Fundamental Steps in Digital Image Processing
Image Restoration
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Fundamental Steps in Digital Image Processing
Image Restoration

Image restoration is also used for improving the appearance of an
image.

However, unlike image enhancement, which is subjective, image

restoration is objective, means these techniques need to be based on
mathematical or probabilistic models of image degradation.
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2  Fundamental Steps in Digital Image Processing
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Fundamental Steps in Digital Image Processing
Morphological Processing

Morphological Processing deals with tools for extracting image
components that are useful in the representation and description of
the shape.
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Fundamental Steps in Digital Image Processing
Image Segmentation
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£y  Fundamental Steps in Digital Image Processing
Image Segmentation

Segmentation procedures partition an image into its constituent parts
or objects.

Autonomous segmentation is one of the most difficult tasks in digital
image processing

In general, the more accurate the segmentation, the more likely
recognition is to succeed.
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£2)  Fundamental Steps in Digital Image Processing
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Fundamental Steps in Digital Image Processing
Object Recognition

Recognition is the process that assigns a label (eg., tiger, elephant,
vehicle) to an object based on its descriptors.
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Fundamental Steps in Digital Image Processing
Representation and Description

Representation and description almost always follow the output of
the segmentation stage, which usually raw pixel data, constituting
either the boundary of a region or all the points in the region itself.
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Fundamental Steps in Digital Image Processing
Image Compression

Image Morphological
Restoration Processing
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£2)  Fundamental Steps in Digital Image Processing
Image Compression

Compression deals with the techniques for reducing the storage
required to save an image or bandwidth required to transmit it.

The most common image compression standard is
JPEG (Joint Photographic Experts Group)
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2  Fundamental Steps in Digital Image Processing
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Components of an Image Processing System

1. Image Sensors: A physical device that is sensitive to the energy radiated by the object
we wish to image also it should convert the image into digital form.

{\@ﬁ%ﬁ

2. Specialized image processing Hardware: It performs other primitive operations, such

as an arithmetic logic unit.
Example: In the noise reduction the averaging of the images is used.

This type of hardware sometimes is called a front-end subsystem, and its most
distinguishing characteristic is speed.

3. Computer: It is a general-purpose computer and can range from PC to Supercomputer.

4. Software for image processing consists of specialized modules that perform
specific tasks.

Digital Image Processing (Unit-I: Fundamental Steps) Dr. G. Sridevi, Professor, Dept. of ECE
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Components of an Image Processing System
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5. Mass Storage Capability is a must in image processing applications. Digital
storage for image processing applications falls into 3 principal categories.
A) Short-term storage for use during processing
B) on-line storage for relatively recall
C) Archival storage, characterized by infrequent access.

6. Image displays: mainly color TV monitors and are driven by the outputs of
image and graphics display cards are an integral part of the system.

7. Hard Copy: It includes printers, film cameras, optical and CD-ROM discs

8. Networking is a default function for any computer system.
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Thank You ALL
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Detailed Syllabus of UNIT - |

Introduction: Introduction to Image Processing, Fundamental steps in digital
image processing, components of an image processing system, image
sensing and acquisition, image sampling and quantization, some basic
relationships between pixels, an introduction to the mathematical tools used
in digital image processing.
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Image Sensing and Acquisition

Image Sensor produces Light energy into electrical energy.
There are 3 principal sensor arrangements
1. Single imaging sensor

2. Line sensor
3. Array sensor

Digital Image Processing (Unit-I: Image Sensing & Quantization)  Dr. G. Sridevi, Professor, Dept. of ECE 71
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Image Acquisition using single sensor

The most familiar sensor of this type is the Photodiode.

It is constructed of silicon materials whose output voltage is proportional to light.

The use of the filter in front of a sensor improves selectivity.

In order to generate a 2-D image, there has to be relative displacement in x- and
y- directions between the sensor and the area to be imaged.

However, it is a slow process of acquisition.
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Image Acquisition using Line sensor

One image line out per
increment of lincar motion

Cross-sectional images

of 3-D object

Fig: (a) Image acquisition using linear sensor strip (b) Image acquisition using circular
sensor strip.
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Image Acquisition using Line sensor

The strip provides the imaging in one direction.
Motion perpendicular to the strip provides imaging in the other direction.

In-line sensors are used routinely in airborne imaging applications, in which the
imaging system is mounted on an aircraft that flies at a constant altitude and

speed over the geographical area to be imaged.

Sensor strips mounted in a ring configuration are used in medical and industrial
imaging to obtain cross-sectional (“slice”) images of 3-D objects.

A rotating X-ray source provides illumination and the portion of the sensors
opposite the source collect the X-ray energy that pass through the object .
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Image Acquisition using Array sensor

This type of arrangement is found in digital cameras.

CCD sensors are used widely in digital cameras and other light sensing
instruments.

The response of each sensor is proportional to the integral of the light energy
projected onto the surface of the sensor, a property that is used in astronomical
and other applications requiring low noise images.
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CCD Working Principle

+— Image pixel

?
Horizontal transport
CCD KAF-3200E from Kodak. register
(2184 x 1472 pixels,
Pixel size 6.8 microns?) Vertical shift a Output

Horizontal shh{'
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Simple Image Formation Model

An image is defined by two-dimensional function f (x, y). The value or amplitude
of f at spatial coordinates (x, y) is a positive scalar quantity.

When an image is generated from a physical process, its value are proportional to
energy radiated by physical source. Therefore, f(x,y) must be nonzero and
finite; that is,

0<f(x,y) <

The function f(x, y) is characterized by two components
1. The amount of source illumination incident on the scene being viewed
(Illumination).

2. The amount of illumination reflected by the objects in the scene (reflectance).
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Simple Image Formation Model

A simple image model is
flx,y) =ilx,y).r(x,y)

Where 0 < i(x,y) < 0and0 <r(x,y) < 1
r(x,y) = 0 means total absorption
r(x,y) = 1 means total reflectance or transmittance

The intensity of a monochrome image at any coordinates (x, y) the gray level
() of the image at that point. The interval of [ ranges from [0, L — 1].

Where [ = 0 indicates black and [ = 1 indicates white.
All the intermediate values are shades of gray varying from black to white.
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Simple Image Formation Model

Sample values of reflectance r(x, y):

0.01: black velvet
0.65: stainless steel
0.93: show
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Simple Image Formation Model

Sample values of illumination, i(x, y):

90,000 foot-candles(Im/sg.m): sunny day

10,000 foot-candles: cloudy day

0.1 foot-candles: full moon

This Photo b
Digital Image Processing (Unit-I: Image Sensing & Quantization)  Dr. G. Sridevi, Professor, Dept. of ECE Kown A
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http://commons.wikimedia.org/wiki/File:Full_Moon_at_Perigee_July_13,_2014,_Mexico_City.JPG
https://creativecommons.org/licenses/by-sa/3.0/
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Sampling and Quantization

Sampling and quantization are the two important processes used to convert
continuous analog image into digital image.

Image sampling refers to discretization of spatial coordinates.
Quantization refers to discretization of gray level values (amplitude).
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Sampling and Quantization
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Digitol Imcge Processing (Uni'r-l: FIGURE 2.16 Generating a digital image. (a) Continuous image. (b) A scan line from A to B in the continuous image, 83

used to illustrate the concepts of sampling and quantization. (¢} Sampling and quantization. {(d} Digital scan line.
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Sampling and Quantization

ab

FIGURE 2.17 (a) Continuos image projected onto a sensor array. (b) Result of image
sampling and quantization.
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Sampling and Quantization

Origin
0o 1 2 3--- - N=1
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3¢ o ® o & & & & & & » f(X’y):

f(N-10) f(N-11) .. f(N-LM-1)]

v

Image Elements

ﬂ- » L} L ] [ ] & L ] ] ] [ ] Digital Image .
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Digital Image Processing (Unit-I: Inage Sensing & Quantization)  Dr. G. Sridevi, Professor, Dept. of ECE 85



Aditya Engineering College (A)

/"“’éﬁ% . o o
] Sampling and Quantization

If k is the number of bits per pixel, then the number of gray levels, L, is an
integer power of 2.
L =2k

When an image can have gray levels, it is common practice to refer to the image
as a “k —bit image”.

For example, an image with 256 possible grey level values is called an 8-bit
image.

Therefore the number of bits required to store a digitalized image of size
M X N is
b=MXN Xk

Digital Image Processing (Unit-I: Image Sensing & Quantization)  Dr. G. Sridevi, Professor, Dept. of ECE 86



Aditya Engineering College (A)

Spatial Resolution

Spatial resolution is the smallest discernable (detect with difficulty Jchange in an image.

s
a 'j" o ']

256x256 pi

ar -

Is 128x128 pixels
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AL Spatial Resolution
Spatial resolution is the smallest discernable (detect with difficulty )change in an image.

@ o LE

128

256

1024

FIGURE 2.19 A 1024 > 1024, 8-bit image subsampled down to size 32 X 32 pixels. The number of allowable
oray levels was kept at 256,
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Spatial Resolution

Spatial resolution is the smallest discernable (detect with difficulty )change in an image.

abc

de f

FIGURE 2.20 (a) 1024 > 1024.8-bit image. (b) 512 > 512 image resampled into 1024 x 1024 pixels by row and
Digital Image Processing (Ur column duplication. (¢) through () 256 x 256, 128 x 128, 64 x 64, and 32 % 32 images resampled into
1024 x 1024 pixels.
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Spatial Resolution

Dots per Inch

News Paper 72 dpi

Magazines 133 dpi
Glossy brochure 175 dpi

Textbooks 2400 dpi
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Spatial Resolution (Moire Patterns)
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If two pattern or spectrum overlap, the overlapped portion is called aliased.

The effect of aliased frequencies can be seen under the right conditions in the form of
so called Moire patterns.
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aiTa) Gray-Level or Intensity Resolution

Gray-level resolution is the smallest discernable (detect with difficulty) change in gray
value.

64 levels 32 levels
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b Gray-Level or Intensity Resolution

Gray-level resolution is the smallest discernable (detect with difficulty) change in gray
value.

In this Image,
It Is easy to see
false contour.

F

g e £ T T B
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Summary

In this lecture, we covered the following
Image Sensors and Acquisition

Image formation Model
Image Sampling and Quantization
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Thank You ALL
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Detailed Syllabus of UNIT - |

Introduction: Introduction to Image Processing, Fundamental steps in digital
image processing, components of an image processing system, image sensing
and acquisition, image sampling and quantization, some basic relationships

between pixels, an introduction to the mathematical tools used in digital
Image processing.
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Some Basic Relationships between Pixels

f(x,y): digital image
Pixels: p,q

Digital Image Processing (Unit-I: Relashionship b /w Pixels)

(0,0)

X
(x-1y-1) | (xy-1) |(x+1y-1)
x-1y) | (xy) | (x+1y)
(%-1y+1)| (xy+1) |(x+1,y+1)

Conventional indexing method

Dr. G. Sridevi, Professor, Dept. of ECE

98



(o)

Aditya Engineering College (A)

Some Basic Relationships between Pixels

Neighborhood relation is used to tell adjacent pixels. It is useful for analyzing regions.

4-neighbors of p:

(x,y-1)
(x-1,y) p (x+1,y) - Ei;izg A
N4(p): A (X’y_’l) e
o L (xy+1)

4-neighborhood relation considers only vertical and horizontal neighbors.

Note: q € N,(p) implies p € N,(q)

Digital Image Processing (Unit-I: Relashionship b /w Pixels)
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Some Basic Relationships between Pixels

o Syt Diagonal neighbors of p:
(x-1,y-1))
(x+1,y-1)
Np(p)= - (x-1,y+1) >
byt Ly (X+1,y+1))

Diagonal -neighborhood relation considers only diagonal neighbor pixels.

Digital Image Processing (Unit-I: Relashionship b /w Pixels)

Dr. G. Sridevi, Professor, Dept. of ECE 100



Aditya Engineering College (A)

Some Basic Relationships between Pixels

s | gy | genss 8-neighbors of p:

[(x=1,y—1)

(x,y-1)
(x+1,y-1)
(x-1y+1) | (xy+1) |(x+ly+1) (X_l :y)

Ng(p) = ¢ (x+1,y) ,
(x=1,y+1)
(X,y+1)
(X+1,y+1),
8-neighborhood relation considers all neighbor pixels.

Note: g € Ng(p) implies p € Ng(q)

Digital Image Processing (Unit-I: Relashionship b /w Pixels) Dr. G. Sridevi, Professor, Dept. of ECE 101
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Some Basic Relationships between Pixels
Adjacency

Three types of adjacency:

4-adjacency: two pixels p and q with values from V are 4-adjacent if q is in the set N,(p)
8-adjacency : p & q are 8- adjacent if g is in the set Ng(p)
m-adjacency: p & q with values from V are m-adjacent if

* qisin Ny(p) or

* gqisin Ny(p) and the set N,(p)"N,(q) has no pixels with values from V

Mixed adjacency is a modification of 8-adjacency and is used to eliminate the
multiple path connections that often arise when 8-adjacency is used.
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Aditya Engineering College (A)

Some Basic Relationships between Pixels

—1

0 1 1 0 1
0 1 O 0 1 0 0O 1 O
™ .
0 0 1 0 0 1 0 0 1
Arrangement of Pixels Pixels that are 8-adjacent Pixels that are m-adjacent
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Some Basic Relationships between Pixels

A path from pixel p at (x,y) to pixel ¢ at (s,t) Is a sequence
of distinct pixels:
(X0:Y0)s (X1.Y1)s (X0,¥2),- s (Xpi¥p)
such that (x,,y,) = (xy) and (x.,y,) = (s,1)
and  (x,y;) Isadjacentto (%, ,,v;,), 1=1,....n

We can define type of path: 4-path, 8-path or m-path depending on type of adjacency.
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Some Basic Relationships between Pixels

8-path m-path
g g q

m-path from p to g

8-path f t
path Trom p 10 ¢ solves this ambiguity

results in some ambiguity
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Distance Measures

For pixels p, q, z with coordinates (x, y), (s, t), (u,v), D is a distance
function or metric if:

D(p,q) = 0 (D(p,q) =0iffp=q)
D(p,q) = D(q,p) and
D(p,z) < D(p,q) + D(q,2)

Euclidean distance:

D, (p,q) = \/(x—8)% +(y —t)?

Points (pixels) having a distance less than or equal to r from (x,y) are
contained in a disk of radius r centered at (x,y).
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Distance Measures
* D, distance (city-block distance):

D,(p,q) =|x—s|+|y -

* |t forms a diamond centered at (x,y)
* e.g. pixels with D, < 2 from p

2

D, = 1 are the 4-neighbors of p

N
N PN
N OB
N PN
N
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Distance Measures

* D, distance (chessboard distance):

Dy (p,q) = max(|x —s|,|y —t|)

* |t forms a square centered at p
* e.g. pixels with Dg< 2 from p

2 2 2 2|2
2111112
21101112 Dg; = 1 are the 8-neighbors of p
211111 2
2 2 2 2|2
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Distance Measures

* D, and Dg distances between p and q are independent of any paths that exist
between the points because these distances involve only the coordinates of the
points (regardless of whether a connected path exists between them).

, for m-connectivity the value of the distance (length of path) between
two pixels depends on the values of the pixels along the path and those of their
neighbors.
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Distance Measures

* Eg. Assume p,p,, p;=1

Py, P3 = can have eitherOor 1

If only connectivity of pixels valued 1 is allowed, and p,
@ P, and p, are 0, the m-distance between p and p, is 2.

G If either p, or p; is 1, the distance is 3.

If both p, and p; are 1, the distance is 4 (pplp2p3p4)
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Summary

In this lecture, we covered the following
Neighbors of a Pixel

Adjacency, Connectivity, Path
Distance Measures
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Thank You ALL
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Detailed Syllabus of UNIT - |

Introduction: Introduction to Image Processing, Fundamental steps in digital
image processing, components of an image processing system, image sensing
and acquisition, image sampling and quantization, some basic relationships
between pixels, an introduction to the mathematical tools used in digital
image processing.
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Mathematical tools used in DIP

Array Versus Matrix Operations ]

Linear versus Nonlinear Operations

Arithmetic Operations

Set and Logical Operations

Vector and Matrix Operations

Spatial Operations

Image Transforms

Probabilistic Methods

Digital Image Processing (Unit-l: Mathematical Tools) Dr. G. Sridevi, Professor, Dept. of ECE 115
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Array versus Matrix Operations

ap  ap by b
and
tr1  d2 byy by

* Array operation

ay  ap || by by B aybyy apbys
ay;  day || by by ay1byy  axby;

* Matrix operation

ayy Ay || by b | | aubn t apby  anbin + apbx
a3y an || by by ay by + anby  axbyy + apby
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Mathematical tools used in DIP

Array Versus Matrix Operations

Linear versus Nonlinear Operations

Arithmetic Operations

Set and Logical Operations
Spatial Operations

Vector and Matrix Operations

Image Transforms

|
Arithmetic Operations
setand Logical Operations
spatial Operations
Vector and Matrix Operations
Image Transforms

Probabilistic Methods
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Linear versus Nonlinear operations

- H| f(x,y)| = g(x,¥), where H is a general operator.
* Condition for Linear operator

H[a,fi(x,) + afy(x, »)] = @ H[fi(x. »)] + a;H[f(x )]

, = a;gi(x,y) + a;g;(x,y)
* Ex: HIs a sum operator

z[ﬂfff(l’a y) + a;fi(x, }’)] = Eﬂfff{l’a y) + Eﬂjfj{l’a y)
=a; > fi(x,y) +a; > fi(x, y)
= ;8 (x,y) + a;8;(x, y)
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Linear versus Nonlinear operations

* Ex2: H is a max operator (Non-linear operator)

Jo 2  [6 s
fl_[z 3} and fE_L J

a; = 1 and a, = —

wlofs ol 92 )
ol -t s

= —4
Digital Image Processing (Unit-I: Mathematical Tools) Dr. G. Sridevi, Professor, Dept. of ECE 119
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Mathematical Tools used in DIP

Array Versus Matrix Operations

 Linear versus Nonlinear Operations
| Arithmetic Operations
 setand Logical Operations
 Spatial Operations
 Vector and Matrix Operations
Image Transforms
Probabilistic Methods

Linear versus Nonlinear Operations
Arithmetic Operations

Set and Logical Operations

Spatial Operations

Vector and Matrix Operations
Image Transforms

Probabilistic Methods
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Arithmetic Operations

s(x, y) = f(x,y) + glx, y)
d(x,y) = f(x,y) — g(x, y)
p(x,v) = f(x,v) X g(x,v)
v(x,y) = fl(x,y) ~ g(x,y)

Digital Image Processing (Unit-l: Mathematical Tools) Dr. G. Sridevi, Professor, Dept. of ECE 121
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Addition Operation

Let g(x,y) denote a corrupted image formed by additive noise n(x,y), to a
noiseless image f(x,y)

gxy) =fxy)+nxy)
Set of noisy images, {g;(x,y)}

- | X 7 1
glx,y) =— E gilx,y) Ta(xy) ~ K Tnlx.y)
K5
1

E{g(x, )} = flx,y)  T#en) = =Tnte
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Addition Operation
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Image Subtraction

A frequent application of image subtraction is in the enhancement of differences
between images.

Digital Image Processing (Unit-l: Mathematical Tools) Dr. G. Sridevi, Professor, Dept. of ECE
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Subtraction Operation

ab
cd

FIGURE 2.28
Digital
subtraction
angiography.

(a) Mask image.
(b) A live image.
(c) Difference
between (a) and
(b). (d) Enhanced
difference image.
(Figures (a) and
(b) courtesy of
The Image
Sciences Institute,
University
Medical Center,
Utrecht, The
Netherlands.)
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Image Multiplication

EXAMPLE 2.7:
Using image
multiplication and
division for
shading
correction.

Digital Image Processing (Unit-l: Mathematical Tools)

Dr. G. Sridevi, Professor, Dept. of ECE
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ENLIGHTENS

Image Multiplication

(Division)

EXAMPLE 2.7:
Using image
multiplication and
division for
shading
correction.

abc

FIGURE 2.30 (a) Digital dental X-ray image. (b) ROI mask for isolating teeth with fillings (white corresponds
| and black corresponds to (). (¢) Product of (a) and (b).
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Mathematical Tools used in DIP

Array Versus Matrix Operations

Linear versus Nonlinear Operations
Arithmetic Operations

Set and Logical Operations

Spatial Operations

Vector and Matrix Operations
Image Transforms

Probabilistic Methods
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Logical Operations

AUB ANB

AC
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Logical Operations

a) Original image b) Image Negative c) Union of (a) & constant image
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Logical Operations

MY A}

(A)XOR(B)
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Mathematical Tools used in DIP

Linear versus Nonlinear Operations

Arithmetic Operations

Set and Logical Operations

[ Spatial Operations

Vector and Matrix Operations

Image Transforms

Probabilistic Methods
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Spatial Operations

Spatial operations are performed directly on the pixels of a given image.
(1) single-pixel operations,
(2) neighborhood operations

Single-pixel operations:
s = T(z2)

Z - intensity of a pixel in the original image
s - (mapped) intensity of the corresponding pixel in the processed image.
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Spatial Operations

Neighborhood operations

ab

cd n

FIGURE 2.35 \

Local averaging ml & .

using (x, %) (x,¥)
neighborhood i The value of this pixel
processing. The Sey is the average value of the
procedure is pixels in S,

illustrated in
(a) and (b) for a
rectangular
neighborhood.
(c) The aortic

angiogram 1

dewsed glx,y) = . > flro)

(d) The result of
(o€ e S,y

using Eq. (2.6-21)
withm = n = 41.
The images are of
size 790 X 686
pixels.
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Mathematical Tools used in DIP

Linear versus Nonlinear Operations

Arithmetic Operations

Set and Logical Operations
Spatial Operations

Vector and Matrix Operations

Image Transforms
Probabilistic Methods
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Vector and Matrix Operations

Color images are formed in RGB color space by using red, green, and blue

component images.
e Each pixel of an RGB image has 3 components, which can be organized in the

form of a column vector.

-----

Component image 3 (Blue)

Component image 2 (Green)

Component image 1 (Red)
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Vector and Matrix Operations

Euclidean distance, D, between a pixel vector z and an arbitrary point a in
n-dimensional space is defined as the vector product

D(z, a) :(z — a)l(z — H)F

1

— _(Zl o ﬂ‘l):1 T (Zj o a:)z + 0 (Zu o au)z}:

This is a generalization of the 2-D Euclidean distance.
Sometimes is referred to as a vector norm, denoted by | |z-a]l]| .
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Mathematical Tools used in DIP

Array Versus Matrix Operations

Linear versus Nonlinear Operations

Arithmetic Operations

Set and Logical Operations

Vector and Matrix Operations

Spatial Operations

Image Transforms

Probabilistic Methods
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Image Transforms

» Approaches discussed till now work directly on
spatial domain.

« Some tasks are best formulated by transforming the
iInput images, carrying the specified task in a
fransform domain, and applying the inverse
transform to return to the spatial domain.

« General form of 2-D linear transforms is given by:
M—1 N-1

T(u,v) = > D, flx yr(x,y,u,v) 1o (]

x=0 y=0
f(x, y) - is the input image
r(x, y, u, v) - is called the forward transformation kernel
u-0,12,.....M-1
v-01.2,.....N-1

0 O O O
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Summary

In this lecture, we covered the following

Mathematical Tools used in Digital Image Processing
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Thank You ALL
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Topics

Need for image transforms, Discrete Fourier transform (DFT) of one variable,
Extension to functions of two variables, some properties of the 2-D Discrete
Fourier transform, Importance of Phase, Walsh Transform. Hadamard transform,
Haar Transform, Slant transform, Discrete Cosine transform, Discrete sine
transform, KL Transform, Hough transform, Radon Transform, SVD, Comparison of

different image transforms.
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Introduction

What is Image Transform?

Transform

Another Image
N XN

Inverse Transform I

Coefficient Matrix
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Introduction

* Applying Transform we get another image of same size.
e After applying Inverse Transform we get the original image back.
e Then what is the use of Image Transformation?

Preprocessing, Image Compression, feature extraction, etc.
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Need for transform

* Mathematical convenience:

Every action in time domain will have an impact in the frequency domain.
The complex convolution operation in time domain is equal to multiplication
in frequency domain.

* To extract more information:
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Image Transforms

* The transformation may place the image data in a more compact form so that
they can be stored and transmitted efficiently. The different types of transforms
are

e Fourier Transform

* Walsh Transform
 Hadamard Transform

e Haar Transform

e Slant Transform

* Discrete Cosine Transform
* Discrete Sine Transform

e KL Transform

* Radon Transform

« SVD
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2D Discrete Fourier Transform

The Two-Dimensional Discrete Fourier Transform and its Inverse are

M—-1N-1
A k —]Z—nl
F(k D = fmn)e ' M™ ™ /N
m=0 n=0
M—-1N-1
f(mn) = i F(k, el el
MN k=0 1=0
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2D Discrete Fourier Transform

The Fourier transform F(k, [) is given by

F(k,1) =R(k, 1) +jI(k, 1)
Where, R(k, )represents the real part of the spectrum and I(k,l) represents
the imaginary part.

The Fourier transform F(k, 1) can be expressed in polar coordinates as
F(k,1) = |F(k,1)|e/¢tD

Where |F(k, )| = ((R(k,)}? + {I(k, 1)}*})'/? is called magnitude spectrum

And ¢(k,1) = tan™? (;((I;’ll))

) is called Phase spectrum
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2D Discrete Fourier Transform

1mage Magnitude

MeirsmaNNn

BIRNE 1A BRI A

NI UG
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2D Discrete Fourier Transform (Display)

« Usually the Fourier spectra are displayed as intensity function.
e Many image spectra decrease rapidly as a function of increasing frequency.
e Their high-frequency terms have a tendency to become obscured when
displayed in image.
* A useful processing techniqgue which compensates for this difficulty consists of
displaying the function
Di(k,1) =log(1 + |F(k, D)
or
|F(k,1)| + 100
Dy (k. D) = {255, if |F(k,D)| +100> 255
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2D Discrete Fourier Transform (Display)
. -
-‘ D1
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DFT matrix

An N-point DFT is expressed as the multiplication FF = W,
Where, f is the input signal,

W is the square N X N DFT matrix and

F is the DFT of the input signal

1 1 1 1 1
1 W w w e w1
] 1 o W b . W21
W = _'q; 1wl W o L WAIN-1)
._] wN—l w?f?‘-r—l] w.‘i{]"nr—l] - wlf}"-r—l:l{hr—l] ]
—j2m

Where, w = e N
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DFT matrix (kernel)

 The two-point DFT is a simple case, in which the first entry is the DC (sum)
and the second entry is the AC (difference).

1
W:ﬁﬂ —11]

* The four-point clockwise DFT matrix (kernel) is as follows:
1 1 1 1]

L—=j -1
1 -1 1 -1
1 -1 =

1
2
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Example problem

e Compute the 2D DFT of the 4 X 4 gray scale image given below

1 1 1 1
1111
1 1 1 1

Sol.) The 2D DFT of the image f (m, n) is represented as F(k, [)
F(k,1) = kernel X f(m,n) x kernel®

16 0 0 0
0 0 0 0
FlD=10 0 0 o0
0 0 0 O
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2D Discrete Fourier Transform Properties

NoUsEWwNE

Digital Image Processing (Unit-l: Image Transforms)

Separable property
Spatial shift Property
Periodicity Property
Convolution Property
Correlation Property
Scaling Property
Rotation Property

Dr. G. Sridevi, Professor, Dept. of ECE
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Walsh Transform

* Fourier analysis is basically the representation of a signal by a set of orthogonal
sinusoidal functions.

 Walsh in 1923 introduced a complete set of orthogonal square-wave functions
to represent a signal.

 The computational simplicity of a Walsh function is due to the fact that Walsh
functions are real and they take only 2 values which are either +1 or -1.
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Walsh Transform™

 The 1D Walsh transform basis can be represented as

1 m-—1
g, k) = 1_[ (—1)bi () b1 ()
=0

Here n represents the time index

k represents the frequency index

N represents the order

m represents the no.of bits to represent a number =log, N

b;(n) represents the it" (from LSB) bit of the binary value of n decimal number
represented in binary.
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2D Walsh Transform

* The 2D Walsh transform of a function f (m, n) is given by

p—1
1
F(k,1) = NZ 2 £(m,n) H(_l)bi (m) bp—1-i(K)+b; (1) bp_1_i(1)
m n =0

* Steps to represent Walsh basis
 Write the binary representation of n
* Write the binary representation of k in the reverse order
e Check for the number of overlaps of 1 between n and k
* |f the number of overlaps of 1 is
* i) zero then the sign is positive
* ii) even then the sign is positive
* lii) odd then the sign is negative
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2D Walsh Transform

 Walsh basis for N=4

CON N I ™

0 Zero sign change
1 1/4 1/4 —1/4 -1/4 One sign change
2 1/4 -1/4 1/4 -1/4 Three sign change
3 1/4 -1/4 -1/4 1/4 Two sign change
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Walsh Transform (Properties)

1. The 2-D Walsh transform is separable and symmetric. Therefore it can be
implemented as a sequence of two 1-D Walsh transforms.

2. The Walsh transform consists of basis functions whose values are only 1 and -1.

3. These functions can be implemented more efficiently in a digital environment
than the exponential basis functions of the Fourier transform.

4. In 2-D signals the forward and inverse Walsh kernels are identical.

5. The frequency of an image is the number of zero crossings or the number of
transitions from positive to negative and vice versa in a basis vector and we call
this number as sequency.
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Hadamard Transform

1. The Hadamard transform is basically the same as the Walsh transform
except the rows of the transform are re-ordered.

2. The elements of the mutually orthogonal basis vectors of a Hadamard
transform are either +1 or -1.

3. The computational complexity is very less.
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Hadamard matrix (Kernel)

Hadamard matrices are easily constructed for N = 2™ by the following
procedure.

The order N = 2 Hadamard matrix is given as
M1 1
Ha = [1 —1]

The Hadamard matrix of order 2Ncan be generated by Kronecker product

operation
H H
T :[ N N ]
2N HN _HN
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Hadamard matrix (Kernel)

N=4

The Hadamard matrix of order 4can be generated by Kronecker product
operation

1 1 1 1

T =[H2 Hz]_l -1 1 -1
2N H, —H, 1 1 -1 -1
1 -1 -1 1

The number of zero crossings or the number of transitions in a basis vector of
the Hadamard transform is called Sequency.
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Hadamard Transform (Properties)

1. The Hadamard transform is real, symmetric, and orthogonal
H=H"=H"=H"1

2. Hadamard transform is a fast transform. The one dimensional

transformation can be implemented in O(Nlog,N) additions and

subtractions.

3. Since the Hadamard transform contains only +1 or -1 values, no

multiplications required in the transform calculations.

4. The Hadamard transform has good to very good energy compaction for

highly correlated images.
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Haar Transform

The Haar transform is based on a class of orthogonal matrices whose
elements are either 1, -1, 0, or powers of V2.

Algorithm to generate Haar basis:

Step 1: Calculate n for the given order N
n =log,N

Step 2: Determine p and q

j0<p<n-1
i)lfp=0theng=00rqg=1
i) Iifp#0,1<q<2P
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Haar basis

Step 3: Determine k

k=2P+qg—-1
Step 4: Determine Z
P 0.1 0 1 2 N —1
— = -,
[0.1) N'N'N’ N
1
Step 5:If k = 0 then H,.(Z) = T~
Otherwise,
( — — 0.5
q q :
+2P/2, <Z<
1 2P 2P
H,.(Z) :Hpq(Z) = —=1 q—0.5 q
—Dp/2 *
VN 2P = S 2 < 55
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Generation of Haar basis for N=2

Step 1: Calculate n for the given order
n =log,N
= log,2 =1
Step 2: Determine p and q
)0<p<n-—1 (Sincen =1, theonlyvalueofpis0.)
i) If p = 0thenqg = 0 or g = 1(So q takes the value of 0 or 1)
i) lifp#01<q<2P
Step 3: Determine k

k=2P+qg—-1

_p |k
0 0 0
0 1 1

Digital Image Processing (Unit-l: Image Transforms) Dr. G. Sridevi, Professor, Dept. of ECE 168



Aditya Engineering College (A)

Haar Matrix
Step 4: Determine Z

0 1 2 N—-1
Z—>[O,1):>{ —}

N'N'N""" N
YA 0,1 0 1
—_ : _ —
[0.1) 2°2

Step 5:If k = 0 then H,.(Z) = \/LN
Otherwise,
( — — 0.5
+2v/2,q2p <z< T
1
H,(Z) = Hpy(2) = —=+ q—05 q
—Qp/2 —
VN 27 2D =2 < 2P
0, Otherwise
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Haar Matrix

- — _ L _1
Case (i):If k = 0then H(Z) = =5
Case (ii): Fork=1; p=0;g=1
Condition (i): 0 < Z < %
Condition (ii):~ < Z < 1

Condition (iii): Otherwise

For Z = 0, the boundary condition (i) is satisfied. So,

_i 0/2 =i
H(2) = 2% = —

For Z = %, the boundary condition (ii) is satisfied. So,

_ Lo 1
H.(Z) ﬁz NG

Digital Image Processing (Unit-l: Image Transforms) Dr. G. Sridevi, Professor, Dept. of ECE
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Haar matrix

Therefore, the Haar basis for N=2 is given below

1

V2
]
V2
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Haar Transform Properties

1. The Haar transform is real and Orthogonal
H.=H;
He' = Hy

2.The Haar Transform is a very fast transform. On a N X1 vector it can be
implemented in O(N) operations.

3. The basis vector of the Haar matrix are sequency ordered.

4. The Haar transform has poor energy compaction.
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Slant Transform

* The Slant transform was introduced by Enomoto and Shibata as an

orthogonal transform containing sawtooth waveforms or slant basis
vectors.

* The sequency of a slant basis vector is monotonically decreasing in constant
steps from maximum to minimum.

* It has a fast computational algorithm.
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Slant Transform

The N X N Slant transform matrix with N = 2" is defined by the recursion

11 1
52 = _[ —1]
The Slant transform matrlx is obtamed by the following operation

1 0 1 O]
Szab—absz()]
+=lo 1 0 -1l|lo s,

b a b a.

Where, a = 2band b = \/—1_
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The N X N Slant transform matrices are defined by the recursion

sk
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Slant Transform

Dr. G. Sridevi, Professor, Dept. of ECE

1 0 | 1 o | 0 |

| o | | o |

a, b, | ! ~a, b, | - E
____= e e | LI

0 I I{Hﬂ]_z I 0 I I{Nq]_z E '

R | t
AU I SN, ST i SP N—
0 1 | 0 -1 i_ !

| 0 | | 0 0 |8,
_'_bn ﬂnl ' bn Eﬂv! I I
] R E— N
0 ! fw:;-zf 0 [=Iwa-2f | ! ]
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Slant Transform

Where N = 2", I,, represents M X M identity matrix and

52 = 5[1 ~1
The parameters a,, and b,, are defined by the recursions
b,=1+4a3_))Y?,a, =1

An = 2bpan_q
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Slant Transform

By using the above formulae, the slant transformation matrix is
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Slant Transform Properties

1. The Slant transform is real and Orthogonal
§$=5
S—l — ST

2.The Slant Transform is a very fast transform. On a N X1 vector it can be
implemented in O(Nlog,N) operations.

3. The basis vector of the Slant matrix are not sequency ordered forn = 3.

4. The Slant transform has very good to excellent energy compaction .
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Discrete Cosine Transform

The N X N Discrete Cosine Transform matrix c(n, k) is defined as

( 1
—, k=0, 0<n<N-1
VN
cin, k) =< [_
(n, k) 2 n(2n+ 1)k
— COS 1<k<S<N-10<n<N-1
WN 2N
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Discrete Cosine Transform

The 1D Discrete Cosine Transform of a sequence x(n) is defined as

< n(2n + Dk
X(k)=a(k)2x(n)cos N ,0<k<N-1
n=0
Where,
(1 =0
VN’ -
a(k) =< ;
N’ 1<k<N-1
Y
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Discrete Cosine Transform

The Forward 2D Discrete Cosine Transform of a signal f (m, n) is defined as
N—-1 N-1

F(k,1) = a(k)a() ZO Z f(m,n)cos <(2m 2+N1)nk> os <(2n ;—Nl)nl>
Where,
(1 k=0
\/_N' =
a(k) =< )
N’ 1<k<N-1
\
(1 I=0
Nt —
a(l) = 5
N’ 1<I<N-1
.
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Discrete Cosine Transform Matrix

The DCT matrixfor N = 4 is

0.5 0.5 0.5 0.5
0.6532 0.2706 —0.2706 —0.6532

0.5 —0.5 —0.5 0.5
10.2706 —-0.6532 0.6532 —0.2706 |
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Inverse Discrete Cosine Transform

The Inverse 2D Discrete Cosine Transform is defined as

—1N-1

2N

2N

F(m,n) = a(k)a(l)F (k,l)cos ((Zm i an) cos ((Zn " 1)ﬂl>

k=0 [=0

Digital Image Processing (Unit-l: Image Transforms) Dr. G. Sridevi, Professor, Dept. of ECE
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DCT Properties

1. The Discrete Cosine transform is real and Orthogonal
C=C"
ct=cC"T

2.The DCT is not the real part of the unitary DFT. This can be seen by
inspection of C and DFT matrix. However, the DCT of a sequence is the
symmetric extension of the DFT

3. DCT is a fast transform. The one dimensional transformation can be
implemented in O(Nlog,N) operations.

4. The DCT has excellent energy compaction for highly correlated data.
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Discrete Sine Transform

The N X N Discrete Sine Transform matrix ¥ (n, k) is defined as

2 <7T(n + 1)(k+1)
Sin

Y (nk) =

VN+1 N+1

),OSn,kSN—l

The 1D Discrete Sine Transform of a sequence x(n) is defined as

X(k) = NL-I—l z x(n)sin (n(n +N1-)I—(II " 1)), 0<k<N-1
n=0

Inverse DST is

N-1
2 (mr(n+1)(k+1)
— —E <n<N-—
x(n) VN_I_1}{{_0X(k)sm< N1 ),O_n_N 1
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DST Properties

1. The Discrete Sine transform is real, symmetric, and Orthogonal

Y =y =y t=y’
2. The forward and inverse transforms are identical.

3. The DST is not the imaginary part of the unitary DFT. However, the DST of
a sequence is the anti-symmetric extension of the DFT.

4. DST is a fast transform. The one dimensional transformation can be
implemented in O(Nlog,N) operations.

5. The DST has very good to excellent energy compaction for highly
correlated data.
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Karhunen-Loeve Transform (KL Transform)

Many transforms that we have studied so far are signal independent.

The basis functions of the KL transform are orthogonal eigen vectors of the
covariance matrix of a data set.

A KL transform optimally decorrelates the input data.
After a KL transform most of the energy of the transform coefficients is

concentrated within the first few coefficients. This is the energy compaction
property of the KL transform.
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Karhunen-Loeve Transform (KL Transform)

Step 1: Formation of vectors from the given matrix

Step 2: Determination of covariance matrix

Step 3: Determination of eigen values of the covariance matrix

Step 4: Determination of eigen vectors of the covariance matrix

Step 5: Normalization of the eigen vectors

Step 6: KL transformation matrix from the eigen vector of the
covariance matrix

Step 7: KL transformation of the input matrix
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Thank You ALL
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