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Multimedia Computing
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1. Introduction to Multimedia
1.1 Introduction

Multimedia has become an inevitable part of any presentation. It has ft
variety of applications right from entertainment to education. The evolution of in
has also increased the demand for multimedrgent.
Definition

Multimedia is the mediahat uses multiple forms of information content ar
information processing (e.g. text, audio, graphics, animation, video, interactivit
inform or entertain the userMultimedia also refers to the use of electronic med
store and experience multimadtontent. Multimedia is similar to traditional mix
media in fine art, but with a broader scope. The term "rich media" is synonym

interactive multimedia.

1.2 Elements of Multimedia System

Multimedia means that computer information can be represéntaagh audio
graphics, image, video and animation in addition to traditional media (tex
graphics). Hypermedia can be considered as one type of particular mult
application.

A Multimedia System is a system capable of processing multimedia dad:
applications.

A Multimedia System is characterized by the processing, storage, gene

manipulation and rendition of Multimedia information.

A Multimedia system has four basic characteristics:
4+ Multimedia systems must lmemputercontrolled.
4+ Multimedia systems arliategrated.
+ The information they handle must be represedieitally.
+ The interface to the final presentation of media is usirghyactive.
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1.3 Categories of Multimedia

Multimedia may be broadly divided into linear and Aimrear categories. Line.
active content progresses without any navigation control for the viewer suc
cinema presentation. Ndmear content offers user interactivity to control progres
usedwith a computer game or used in sgéficed computer based training. Noear
content is also known as hypermedcietent.

Multimedia presentations can be live or recorded. A recorded presentatic
allow interactivity via a navigation system. A live multimedia presentation may

interactivity via interaction with the presenter or performer.

2. “HyperText” and “HyperMedia”
Hypertext is a text which contains links to other texts
Hypertext Systemmeant to be read nonlinearly, by following links that point to ¢

parts of the document, or to other documents

Hypertext

Normal Text

Linear

@ "link to another text"

Nonlinear

The World Wide Web (WWW) is the best example of a hypermedgibcapion.

Multimedia means that computer information can be represented through

audio, graphics, images, video, and animation in addition to traditional media.

HyperMedia: not constrained to be tekased, can include other media, e.g
graphics, image and especially the continuous medlissound and video.

D
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Example Hypermedia Applications:

1 The World Wide Web (WWW) is a clear example of the hypermagojdication.
1 PowerPoint.

1 Adobe Acrobat (or other PDsoftware).

1 AdobeFlash

3. Components of Multimedia
Now let us consider the Components (Hardware and Software) required
multimedia system:

1) Capture devices Video Camera, Video Recorder, Audio Microphc
Keyboards, mice, graphics tablets, 3D input devices, tactile sensodeWwiRs
Digitizing Hardware.

2) Storage DevicesHard disks, CEROMs, DVD-ROM, etc.

3) Communication NetworksLocal Networks, Intranets, Internet, Multimedia
other special high speegtworks.

4) Computer Systems Multimedia Desktop machines, Workstatio
MPEG/VIDEO/DSPHardware.

5) Display DevicesCD-quality speakers, HDTV, SVGA, HRes monitors, Colc
printers etc
Multimedia involves multiple modalities of text, audio, images, drawings,

animation, and video. Exagtes of how these modalities are put to use:

1. Videoteleconferencing.

2. Distributed lectures for higheducation.

3. Telemedicine.

4. Co-operative workenvironments.

5. Searching in (very) large video and image databases for targetoligects.

6.1 Au g me n ttg placingrrealappearing computer graphics and video obj
into scenes.

7. Using voicerecognition to build an interactive environment, say a lwelwser
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4. Multimedia Research Topics and Projects

To the computer science researcher, multimedia consists of a wide varie
topics:
1. Multimedia processing and codindrhis includes multimedia content analy:
contentbased multimedia retrieval, multimedia security, audio/image/
processing, comprs®n,etc.
2. Multimedia system support and networkingnetwork protocols, Interne
operating systems, servers and clients, quality of service (QoS)ataixhses.
3. Multimedia tools, endsystems and applicationsThese include hypermec
systems, user intexes, authoring systems, multimodal interaction, and integr
web-everywhere devices, multimedia education, including computer sup|
collaborative learning and design, and applications of viegmakonments.
The concerns of multimedia researchaso impact researchers in almost every ¢
branch. For example, data mining is an important current research area, anc
database of multimedia data objects is a good example of just what we 1
interested in mining.
4. Multi-modal interaction aml integrationn A u b i g u i-eveyywhere debice
multimedia education including Computer Supported Collaborative Learning, a

sign and applications of virtuahvironments.
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Multimedia Projects

Many exciting research projects ar

like to introduce a few of them here:
1 For example, researchers are interested in cab@yad object trackir
technology. One aim is to develop control systems for industmétapgaming

and so on that rely on moving scale models (toys) around a real environt

=
o
—

board game, say). Tracking the control objects (toys) provides user cor

the process.

1 3D motion capture can also be used for multiple actor capture, smukiaile

real actors in a virtual studio can be used to automatically produce re »istic

animated models with natunadovement.
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1 Multiple views from several cameras or from a single camera under dif
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lighting can accurately acquire data that gives both the shape and

properties of materials, thus automatically generating synthetic graphics n >els

>
This allows photerealistic synthesis of virtualctors. <
>

1 3D capture technology is next to fast enough now to allow acquiring dy! |xmic
>
>

characteristics of human facial expression during speech, to synthesize [yighly

realistic facial animation frorapeech.

—
>0

1 Multimedia applications aied at handicapped persons, particularly those
poor vision and the elderly, are a rich field of endeavor in curesearch.

>0
D
=

1 Digital fashion aims to develop smart clothing that can communicate with
such enhanced clothing using wireless commuitica so as to artificiall

enhance human interaction in a social setting. The vision here is 1

c
n
[O)

technology to allow individuals to allow certain thoughts and feelings -

= o
2 o

broadcast automatically, for exchange with others equipped with s
technadogy.

1 Georgia Tech's Electronic Housecall system, an initiative for prov

-]
(@]

interactive health monitoring services to patients in their homes, reli

o
S

networks for delivery, challenging currezgpabilities.
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5. Applications of Multimedia

Multimedia finds its application in various areas including, but not limite
advertisements, art, education, entertainment, engineering, medicine, mathi
business, scientific research and spatial, temporal applications. multimedia
virtual reality, or VR. Goggles, helmets, spe@éives.

A few application areas of multimedia are lisbatiow:

Creative industries: Creative industries use multimedia for a variety of purp
ranging from fine arts, to entertainment, to commercial ajpubanalism, to media ar
software services provided for any of the industries listed below. An indi
multimedia designer may cover the spectrum throughout their career. Request

skills, range from technical to analytical anctteative.

Commercial: Much of the electronic old and new media utilized by commercial ¢
is multimedia. Exciting presentations are used to grab and keep attention in adv
Industrial, business to business, and interoffice communications are often de'
by creative services firms for advanced multimedia presentations beyond simg
shows to sell ideas or livamp training. Commercial multimedia developers ma

hired to design for governmental services andmaiit services applications as we

Entertainment and Fine Arts: In addition, multimedia is heavily used in f
entertainment industry, especially to develop special effects in movies and anin
Multimedia games are a popular pastime and are software programs available
CD-ROMs or online. Some video games also use multimedia features. Multi
applications that allow users to actively participate instead of just sitting by as |

recipients of information are called InteractiMaltimedia.

Education: In Education, multiméia is used to produce computgsed trainin

courses (popularly called CBTs) and reference books like encyclopaedia and
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almanacsA CBT lets the user go through a series of presentations, text about a pe
topic, and associated illustrations in various information formats. Edutainment is an ir
term used to describe combining education with entertainment, especially ealid

entertainment.

Engineering: Software engineers may use multimedia in Computer Simulatiot
anything from entertainment to training such as military or industrial trai
Multimedia for software interfaces are often done as collaboration betweative

professionals and software engineers.

Industry: In the Industrial sector, multimedia is used as a way to help pl
information to shareholders, superiors and coworkers. Multimedia is also helg
providing employee training, advertisingdagelling products all over the world \

virtually unlimited webbased technologies.

Medicine: In Medicine, doctors can get trained by looking at a virtual surgery o
can simulate how the human body is affected by diseases spread by virusesaia

and then develop techniques to prevent it.

Multimedia in Public Places: In hotels, railway stations, shopping malls, muset
and grocery stores, multimedia will become available at stdorte terminals or kiosl
to provide information and help. Sudnstallation reduce demand on traditic
information booths and personnel, add value, and they can work around the clos
in the middle of the night, when live help is off duty. A menu screen from a super
kiosk that provide services rangingm meal planning to coupons. Hotel kiosk
nearby restaurant, maps of the city, airline schedules, and provide guest servi
as automated checkout. Printers are often attached so users can walk awa
printed copy of the information. Museukimosk are not only used to guide patr
through the exhibits, but when installed at each exhibit, provide great added

allowing visitors to browser though richly detailed information specific todisaiay.
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Example Multimedia Applications
V World Wide Web
Multimedia Authoring, e.g. Adobe/Macromedarector
Hypermediacourseware
Video-on-demand
InteractiveTV
ComputerGames
Virtual reality

Digital video editing and productisystems

<K < <K< K K K LK <

Multimedia Databassystems

6. Multimedia on the Web
The World Wide Web is the largest and most commonly used hyper
application. Its popularity is due to:
4+ the amount of information available fromebservers,
4+ the capacity to post suatformation,

4+ and the ease of navigating such informatiéth a webbrowser.

WWW technology is maintained and developed by the World Wide Web Cons:
(W3C). The W3C has listed the following three goals for the WWW: universal ¢
of web resources (by everyone everywhere), effectiveness of navigating a\

information, andesponsible of posted material.

HyperText Transfer Protocol (HTTP)

HTTP is a protocol that was originally designed for transmitting hypern
but it also supports transmission of any file type. HTTP is a "stateless" request/r
protocol, in the sese that a client typically opens a connection to the HTTP s
requests information, the server responds, and the connection is terminab
information is carried over for the next request.The Uniform Resddertifier (URI)

identifies the resoure accessedsuch as the host name,

N
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always preceded by the token "http://". A URI could be a Uniform Resource Lo
(URL).

HyperText Markup Language (HTML)

HTML is a language for publishing hypermedia on the World Wide Web
defined using SGML and derives elements that describe generic document s
and formatting. Since it uses ASCII, it is portable to all different (even bi

incompatible) compter hardware, which allows for global exchange of informati

Extensible Markup Language (XML)

There is a need for a markup language for the WWW that has modularity ¢
structure, and view. That is, we would like a user or an application to bt atdéne
the tags (structure) allowed in a document and their relationship to each other
place, then define data using these tags in another place (the XML file) and,

define in yet another document how to render the tags.

7. Multimedia Data Basics

Multimedia systems/applications have to deith the

4+ Generation oflata

4 Manipulationof data

4+ Storage oflata

4+ Presentation ofata

4 Communication ofnformation/data

Static or Discrete Media: Some media is time independent: Normal data, text, s
images and graphics are examples.

Continuous Media: Time dependent Media: Video, animation and audio are
examples.

Analog and Digital Signal Conversion

The world we sense is full of analog sign&tectrical sensors convert the
medium they sense into electrical signals

1N
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+ E.g. transducers, thermocouples: temperature sensor, microphones: aco
sensor

+ Cameras (Video): light sensor. (usually) continuous Analog signals (e.g.
and Light)

Analog: continuous signals must be converted or digitised for computer proces

Digital: discrete digital signals that computer can readily deal with. Specthvhee
devices: Analogo-Digital Playback {a converse operation to AnatoeDigital

converters. E.g. Audio: Take analog signals from analog sensor (e.g. microphc

Analogue Data Digital Data

C
VAVAV, l 11010011
Analogue signal sent ADC converts Converted digital data
from microphone analogue data to digital recevied by computer

(Sound Card is the ADC in this example)

Analog-to-Digital-to-Analog Pipeline
A Begins at the conversion from the analog inputemds at the conversion frc

the output of the processing system to the analog outghboas:

Digital Digital
Microphone Signal 1 Signal
| /
“b } * N
Analog - Analog
Signals Digital System Signals
Vin Vdac
01001101
t | | | t
171
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Multimedia Data: Input and Format

How to capture and store each Media format?

<+ Note that text and graphics (and some images) are mainkrajed directly b
computer/device (e.g. drawing/painting programs) and do not require digi
They are generated directly in some (usually bintnyhat.

+ Printed text and some handwritten text can be scanned via Optical Ch
Recognition.

=+ Handwritten text could also be digitised by electr@@nsensing.

+ Printed imagery/graphics can be scanned directly to ifoagets.

Multimedia data may be in\ariety of formats:

ELEMENTS

2- Graphics

1
1
1
1
1
1
1
3- Images :
1
1
1
1
1
1

|

1

|

1

|

1

|

1

|

: 4- Audio
1

|

1
L

1) Text and StatidData

+ Source: keyboard, speech input, optical character recognition, datacstdiskl

<+ Stored and input character blyaracter:

=+ Storage: 1 byte per character (text or format character), e.g. ASCII; more by
Unicode. For other forms of data (e.g. Spread sheet les). May store as te;
formatting, e.g. CSV {Comm&eparated Values) or may use biremgoding.

+ Formatted Tet: Raw text or formatted text e.g HTML, Rich Text Format (R
Word or a program language source (Java, Python, MAT&#®B

=+ Data Not temporal | BUT may have natural implied sequence e.g. HTML f

sequence, Sequence of Java progtatements.

19
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4 Compression: convenient to bundle les for archiving and transmission of lar
les. E.g. Zip, RARY-zip.

2) Graphics

4 Format: constructed by the composition of primitive objects such as lines,
polygons, circles, curves aadcs.

#+ Input: Graphics are usually generated by a graphics editor program (e.g. illu
Freehand) or automatically by a program (Bagtscript).

4 Graphics input devices: keyboard (for text and cursor control), mouse, trackk
graphics tablet.

4 Graphics are usually selectable and editable or revi@atillke images).

4 Graphics les usually store the primitiagsembly.

4+ Do not take up a very high storageerhead.

4+ Graphics standards: Open Graphics Library, a standard specification def
crosslanguage, crosplatform API for writing applications that produce 2D/
graphics.

4+ Animation: can be generated via a sequence of slightly changphics.

4+ 2D animaion: e.g. Flash | Key frame interpolation: tweening: motishé&pe.

3D animation: e.g. Maya.
4 Change of shape/texture/position, lighting, camera Graphics aninsatmmpact

4 Suitable for network transmission (eFdash).
3) Images

4 Still pictures wiich (uncompressed) are represented as a bitmap (a gikbls).

#+ Input: scanned for photographs or pictures using a digital scanner or from a
camera.

4+ Input: May also be generated by programs similar to graphics or animation
programs.

#+ Analog sources willequiredigitising.

+ Compression is commongpplied.

19
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4 Can usually only edit individual or groups of pixels in an image editing
application, e.gphotoshop.
4) Audio
4+ Audio signals are continuous anakignals.
4+ Input: microphones and then digitised atared.
4 CD Quality Audio requires 16it sampling ati4.1KHz.
4 Usually compressed (E.g. MP3, AAC, Flac, Qgmbis).
5) Video
4+ Input: Analog Video is usually captured by a video camera and then digit
although digital video cameras now essentially perform tasks.
4+ There are a variety of video (analog and digif@adjnats.
4+ Raw video can be regarded as being a series of single images. There ar

typically 25, 30 or 50 frames psecond.

g.\'m‘ gl

8 & 9 : Graphics and Image Data Representation
The image data structure is a 2D array of pixel values as shown in Figure bt

M columns
0 u M-1

—— I(u,v)

N rows
\

Digital Images
An image must be converted to numerical form before processing. This con
process is called diggation, and a common form is illustrated in Figure (1). The ir
is divided into small regions callguicture elementsor pixel for short. The mo:
common subdivision scheme is the rectangular sampling grid shown in Figure (
image is divided intdorizontal lines made up of adjacpitels.

At each pixel location, the image brightness are sampled and quantized. ~

11
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step generates an integer at each pixel representing the brightness or darkne
image at that point. Whenithhas been done for all pixels, the image is represent
a rectangular array of integer. Each pixel has a location or address (Line or row
and sample or column number) and an integer value called gray level. This ¢
digital data is now aandidate for computer processing.

A digital image is a numeric representation of a-tumensionalimage
Depending on whether thenage resolutiom is fixed. The term "digital image"

usually refers toaster images or bitmapped images.

f COLUMN OF SAMLE Gray Scale Lte_-I
® T PIXEL WHITE
: H 7
LINE |47 ?
1 .
[ E i
rL—-_“ C:> LINE ::> GRAY —
SPACING
PICTURE [y
e
SAMPLE SPACING BLACK — T

Figure Digitizing an Image
Thus a digital image is now a twbhmensional rectangular array of quantizec
sample value.
A digital image consists of many picture elements, termed pixels. T

number of pixels determine the quality of the image (resolution).

Image Representation (Data Structures bitmap representation)

As we know, the human visual system receives an input image as a collec
of spatially distributed light energy; this form is called an optical image. Optic
images are the types we deal wihery day- cameras capture them, monitors
display them, and we see them. We know that these optical images are repres
as video information in the form of analog electrical signals and have seen |
these are sampled to generate the digital iniixgg.

The digital imagéd(x,y)is represented as a twdimensional array of data,

1C
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where each pixel value corresponds to the brightness of the image at th&,pbint
In linear algebra terms, a tadimensional array like our image modék,y) is

referred to as a matrix, and one row (or column) is called a vector. This image m
is for monochrome (oneolor, this is what we normally refer to as black and white
image data, we also have other types of image data that require extensiol

modifications to this model.

10. Image Digitalization
Typical image processing scenario
4 The image is represented by a function of two continuous variables, spatic
coordinates (xy).
4 The first function issampling we sample the continuous image signal
(discretization of the spatiabordinates).
4+ The result is then injected into tRiantizationfunction: for a monochrome
image, we often choose 256 luminateeels.
4 The image is now digitalized, so we can apply the required image process

which could be binarization, contrast enhancensint,

|

I,
) 4-| Sampler Quantizer - E"“‘F'“tf-'r
Input image rocessing

Hence, in order to create an image which is digital, we need to covert

continuous data into digital form. There are tsteps in which it is done:

1- Sampling

2- Quantization

The sampling rate determines the spatial resolution of the digitized ima
while the quantization level determines the number of gray levels in the digiti:
image. A magnitude of the sampled image is expressed as a digital valu
image processing. Theansition between continuous values of the imag
function and its digital equivalent is called quantization.

1~
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x(t) analog signal

sampling | t quantization

x[x1, time-discrete signal

| 1[ H\ITH/[

’
k t

xp (k] digital signal
quantizationN, = +F----—-—---—— - sampling

lat]

k

The number of quantization levels should be high enough for hum
perception of fine shading details in the image. The oceceref false contours
is the main problem in an image which has been quantized with insuffici
brightness levels.

1. Sampling (represents => resolution)
Sampling is a process of measuring the value of the image funt{iqry)at
discreteintervals in spaceEach sample corresponds to a small square area of 1

image, known as a pixel. tadimensional pattern to represent the measuremen

(light intensity or color) that are made in the form of an image numerically.
|7

256x256

64x64

Original Sampling

4 x 4 downsampling | 5,16

16 x 16downsampling

Examples: Image Sampgn

177
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In this figure, we have represented the image "Lena" sampled with two di
sampling structures. The image on the left is the reference image (spatial dime
(256*256) pixels). The second image is sampled with a sampling freg@@ur time:
lower for each of the two spatial dimensions. This means it is (64*64) pixel
display purposes, it has been brought to the same size as the original using
This is in fact an interpolation of zerorder (each pixel is duplicatetf4 times, sc

that on the screen it displays a square of (4*4) idergigals).

2. Quantization

Quantization is the process of converting a continuous range of values intc
finite range of discreet valueEhe accuracy with which variationsfifx, y)are
represented is determined by The number of quantization levels that we use: tl
more levels we use, the better the approximation.

As number of bits to represent a pixel intensity is quantized. Suppose 8 b
used for a pi xelanges fiord 6 to 25 (discvete vaduas). O i
assigned to pure Black, and 255 is assigned to pure White. Intermediate value

assigned to gray scales as shown in this image.

8 bits / pixel
256 — level quantization

4 bits / pixel
16 - level quantization

2 bits / pixel 4 -level quantization

Quantization of an image
This illustration shows examples of a quantization carried out on the imay

For the image on the lefuantization is followed by a natural binary coding with

bits per pixel. There aré 2 256 reconstruction levels to represent the magnitude

10
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each pixel. It is the typical case of a monochrome image (only in gray scales).

For the middle imagequantization is carried out with a 4 bits per pixel coding, gi

24 = 16 reconstruction levels. Contours are well rendered but ésxéue imprecise
some cases. These are areas in the signal with a weak spatial variation, whic
more visually due to the appearance of false contours (loss on the face .
shoulder).

For the image on the righgjuantization is carried out \kita 2 bits per pixel codin

so we have 2= 4 reconstruction levels. The deterioration seen on the previous

is even more flagrant here.

11. Spatial resolution and quantization

What is size of the image? And what isesolution?

Resolution = width keight

Image Size = width x height x No. of bit per pixel

Quantization = Number of bits per piX€uantization)

Spatial resolutioncan bedefinedasthe smallest discernible detail in an image
short, what spatial resolution refers to is that we cannot compare two different t
images to see that which one is clear or which one is not. If we have to comg
two images, to see which one is more clear or which has a more spatiatioesole

have to compare two images of samesize

Spatial resolutionis determined by theampling processThe spatial resolutio
of a digital image reflects the amount of details that one can see in the image
ratio of pixel RHAareao to the area o
at X pixels, then the largeX the finer the observedetails. Or in other way we ci

define spatial resolution as the number of independent pixels per inch (PPI).

1N
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Effect of reducing the spatial resolution

Decreasing spatial resolution of a digital image, within the same area, ma
in what is known asheckerboard pattermAlso image details are lost when the spi
resolution is reduced.

To demonstrate the checkerboard pattern effect, we substmedle24x102¢
image shown in Figure (1) to obtain the image of size 512x512 pixel&IPx&12 is
then subsampled to 256x256 image, and so on until 32x32 image. The subs
process means deleting the appropriate number of rows and columns from the

image. The number of allowed gray leveias kepiat 256 in all the images.

=
&, g 32

1024

Figure : A 1024x1024, -®it image Sub sampled down to size 32x32 pixels.
To see the effects resulting from the reduction in the number of sampl
bring all the subsampled images up to size 1024x1024 by row and columi

replication. The resulted imagi@are shown in Figure.

(c) 256 x256

(d) 128 x 128 (e) 64 x 64 ()32 x 32

Figure 2. the effects of resulting from the reduction in the number of samples
images have 8 bits.

TN
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Compare Figure 2(a) with the 512x512 image in Figure 2(b), we find that"
level of detail lost is simply too fine to be seen on the printed page at the sca
which these images are shown. Next, the 256x256 image in Figure 2(c) sho
very slight finecheckerboard pattern in the borders between flower petals and
black background. A slightly more pronounced graininess throughout the im.
also is beginning to appear. These effects are much more visible in the 128:
image in Figure 2(d), and thepd&ome pronounced in the 64x64 and 32x32 imag
in Figures 2(e) and (fyespectively.

12. Type of image

The image types we will consider are :
1) Binary 2) grayscale 3) color 4) multispectral.

The more general term pixmap refers to a map of pixels, where each one m
more than two colors, thus using more than one bit per pixel. Often bitmap is u

this aswell

1. Binary Images (Black and White Images) (monochrome image)

Binary images are the simplest type of images and can take on two val
typically black and white, or '0' and '1' A binary image is referred to as a 1 bit/pi
image because it takes only 1 binary digit to represent each pixel. These type
images aremost frequently used in computer vision applications where the or

information required for the task is general shape or outlifoemation.

1
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Binary images are often created from gszyale images via a threshold
operation where eve pixel above the threshold value is turned white ('1'), and
those below it are turned black ('0").

A Each pixel is stored as a single bit (QLyr

A A 640 x 480 bitmapped image requires 37.5 KBstbrage.

2. Gray-Scale Images

Gray-scale images are referred to as monochrome, ocaloe, images. The
contain brightness information only, no color informatibhenumber of bits used f
each pixel determines the number of different brightness levels Availdig¢ypical
image contains 8 bits/pixel data, which allows us to have 25@5®) differen
brightness (graylevels.

This representation provides more than adequate brightness resolution, i
of the human visual system's requirements and provides a "noise margiioviaing
for approximately twice as many gray levels as required. Additionally, the
representation is typical due to the fact that the byte which corresponds to 8 bit

is the standard small unit in the world of digital computers.

|

Each pixel is usually stored as a byte (value between 0 to 255). A dark pix

have a value of 10; a bright one may be 2 K=0; white=255)

Example: find image size with 640*480 pixles

Total no. ofbits = 640*480* 8bit=245760it Or 640*480*1 Byte307200Bytes
Convertto Byte: 2457600/8=307208yte

Convertto KByte: 307200 Byte/1024 = 30KB

N
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3. Color Images

Color images can be modeled as tHbeed monochrome image data, wk
each band of data corresponds to a different color. Gin@lanformation stored in tt
digital image data is the brightness information in each spectral band. When th
is displayed, the corresponding brightness information is displayed on the sci
picture elements that emit light energy correspomdiinthat particular color. Typic
color images are represented as Red, Green, and Blue, or RGB images. Usinig
monochrome standard as a model, the corresponding color image would F
bits/pixel 8bits for each of the three color bands (Rexkeh, and Blue). In Figure
a) we see a representation of a typical RGB color image. FigwagillRstrates tha
in addition to referring to a row or column as a vector, we can refer to a single
Red, Green, and Blue values as a color pixelord®k, GB).

For many applications, RGB color information is transformed in
mathematical space that decouples the brightness information from the
information. After this is done, the image information consists of adomensiona
brightness, bluminance, space and a tdonensional color space. Now the t
dimensional color space does not contain any brightness information; but it ty
contains information regarding the relative amounts of the different color
additional benefit of mdeling the color information in this manner is that it crea

more peopleriented way of describing the colors.

24-Bit Color Images

How many colors in RGB model?

In a color 24bit image, each pixel is represented by three bytes, usually represer
RGB. Since each value is in the rang2%b, this format supports 256 x 256 x 256
or a total of 16,777,216, possible combined colors. However, such flexibility d
result in a storage penalty: a 640 x 4806Hcolor image would require 921.6 kB
of storage without any compression. Color images are actsiahgdas 32-bit
imageswith the extrabyte of datafor eachpixel usedto
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store an alpha vadurepresenting special effect information (e.g., transparency).

Examples: Color Image uses 32 bits with high = 200 and width = 200 pixels?
Size= 200*200*4 Bytes=160000B/1024=156.25KB.

4. Multispectral Images

Multispectral images typically contain inforn@t outside the normal human
perceptual range. This maylude infrared, ultraviolet, Xray, acoustic, radar data.
These are not images in the usual sense because the information representec
directly visible by the human system. However, the inftram is often represented
in visual form by mapping the different spectral bands to RGB components. If m
than three bands of information are in the multispectral image, the dimension:

is reduced by applying a principal component's transform.

13. Image file formats
Some popular file formats are listed in the table below with their respecti

extensions:

GIF Graphics Interchange Format .gif
JPEG Joint Photographic Experts Groug .jpg, .jpeg
TIFF Tagged Image File Format tif, tiff
BMP Windows Bitmap .bmp
PNG Portable Network Graphics .png

DA
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1- GIF

modems.

GIF signature
Screen descriptor

Global color map

Image descriptor

Local color map

Raster area

GIF terminator

GIF file format

A type recognized by nérowsers.

Repeated
1 to n times

HTML markup language as the finstage

distinctive colours (e.g., graphiaawing)

A Graphics Interchange Format (GIF) devised by the UNISYS Corp.

CompusServe, initially for transmitting graphical images over phone line

A One of the simplest is thel8t GIF format, and we study it because it is ez

understood, and also ¢muse of its historical connection to tddNW and

A Limited to only 8bit (256) colour images, suitable for images with

A GIF89a: supports simple animation, transparency ietex

Bits
76543210 Byte#
1
Screen width Raster width in pixels (LSB first)
2
) 3
Screen height Raster height in pixels (LSB first)
4
m| cr [0 pixel | 5
Background 6  Background = color index of screen
background (color is defined from
00000000]|7 the global color map or if none
specified, from the default map)
m=1 Global color map follows descriptor
cr+1 # bits of color resolution

pixel + 1 # bits/pixel in image

10 I ™S

Screerdescriptor
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Bits Bits
76543210 Byle# 76543210 Bye#
: . ’ 00 D1 100 e c or (C
Red intensity | Red value for color index 0 I I Image separator character (comma)
bidasia iafy B Start of image i pixels from the
Green intensity 2 Green value for color index 0 ¢ 3 left side of the screen (LSB firs:)
g . 4 Start of image in pixels from the
Blue intensity 3 Blue value for color index 0 Image top " top of the screen (LSB first)
od intensi od value for color inde) 6
Red intensity 4 Red value for color index 1 Iragewiog i Width of the image in pixels (LSB first)
Green intensity 5 Green value for color index | "
Image height Heightof the image in pixels (LSB first)
Blue intensity 6 Blue value for color index | 9
(continues for remaining colors) m|i|0[0]|0|pixel] 10 m=0  Useglobal color map, ignore *
m=1 Local color map follows, use *
i=0 Image formatied in Sequential
8 |
i=1 Image formatted in Interlaced o
pixel +1 # bits per pixel for this image
Color map Image descriptor

2- JPEG Standard

=+ A standard for photographic image compression created by the Joint Photog
Experts Group

+ Takes advantage of limitations in the human vision system to achieve high r:
compression.

+ Lossy compression which allows user to set the desired level of

quality/compression.

3- TIFF

=+ Tagged Image File Format stores many dierent types of images (emgamit
greyscale, $it & 24-bit RGB, etc.).

+ Developed by the Aldus Corp. in the 1980's and later supportibe blycrosoft

+ TIFF is a typically bsslesgormat.

=+ It does not provide any major advantages over JPEG and is not @®nselable

it appears to be declining in popularity

YA
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4- BMP

=+ BitMap (BMP) is the major system standard graphics file format for Microsofi

Windows.

+ used in Microsoft Paint and other programs. It makes use déngith encoding
compression and can fairly efficiently store @l bitmapimages.

+ Note, however, that BMP has many different modes, including uncompi&$se

bit images.

5- PNG

PNG meantd supersede GIF standard

Features of PNG:

<+ Support up to 48 bits per pixemoreaccuratecolors
=+ Support description of gamnrwrrectionand

+ alphachannel for controls su@stransparency

<+ Support progress display through &#8cks.

N7
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14. Arithmetic and Logical Operations on Images (Image Algebra)

———
W

These operations are applied on pigglpixel basis. So, to add two images
together, we add the value at pixel (0, 0) in image 1 to the value at pixel (O
in image 2 and store the result in a new image at pixel (0, 0). Then we mov
the next pixel and repeat the process, continuing until all pixels have b
visited.

Clearly, this can work properly only if the two images have identic
dimensions. If they do not, then combination is still possible, but a meaning
result can be obtained onlytime area of overlaplf our images have dimensions
of wi*h4, and w*h, andwe assume that their origins are aligned, then the ne
image will have dimensions w*h, where:

w = min (W, W)
h =min (h, hp)

Addition and Averaging

If we add two 8bit gray scale images, then pixels in the resulting imag
can have values in the ran@510. We should therefore choose ahii6
representation for the output image or divide every pixel value by two. If we
the later, then we are computing an average of thentages.

The main application of image averagingh@se removal Every imag
acquired by a real sensor is afflicted to some degree of random noise. How
the level of noise is represented in the image can be reduced, provided the
scene is static and unchanging, by the averaging of multiple observations of
scene. Thisworks because the noisy distribution can be regarded
approximately symmetrical with a mean of zero. As a result, positr
perturbations of a pixelds value |
perturbations by the same amount, and there bella tendency for the

perturbations to cancel out when several noisy valuesdaied.
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outarray (i,J)) = inarray1(i,j) + inarray2(i,));
if ( out-array (i,J) > 255) then out-array (ij) = 255;

Figure (4) a) noisy image b) average of five observation c) average of ten

observation

g(x.y) = [a (xy) T f2 (x,y)l

detection). If we make two observations of a scene and compute their difference
the above equation, then changes will be indicated by pixels in the difference
which havenon-zero valuesSensor noise, slight changes in illumination and vai
other factors can result in small differences which are of no significance so it i
to apply a threshold to the difference image. Differences below this threshold ai
zero. Difference laove the threshold can, if desired, be set to the maximum pixel

Subtraction can also be usednedical imaging to removstatic

Addition can also be used tombine the information of two images

such as an image morphing, in motion pictures.

Algorithm 1: image addition Ysals JIAJY

Laall

read inputimagel into iRarrayl;
read inpuimage?2 into iR array?2;
for i = 1 to neof-rows do

for j=1 to neof-columns do begin

end
write outarray to ouimage;

Subtraction

Subtracting two @it grayscale images can produce values betw@2d
and +225. This necessitates the use dbiL8igned integers in the output image
I unless sign is unimportant, in which case we can simply take the modulu

the result and store it usingt® integers:

The main applicatio for image subtraction is inhange detection(or motion

N
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background information.

Algorithm2: image subtraction Yusds JIA)

Liall

read inputimagel into iRarrayl;
read inpuimage?2 into iR array2;
for i = 1 to neof-rows do
for j=1 to noeof-columns do
begin

out-array (i,j) = inarrayl(i,j)- in-array2(i,));

if (out-array (i,j) < 0) then odarray (i,j) = 0; end
write outarray to ouimage;

(b) ©)

Figure (5)a, b ) two frames of video sequengéheir difference

Multiplication and Division

Multiplication and division can be used to adjust brightness of agem
Multiplication of pixel values by a number greater than one will brighten ti
image, and division by a factor greater than one will darken the ima
Brightness adjustment is often used aspr@processing stepgn image
enhancement.

One of the princig@ uses of image multiplication (or division) isdorrect
grey-level shadingresulting from non uniformities in illumination or in the

sensor used to acquire the image.

2N
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(b) (€)

Figure a) original image b) image multiplied by 2 c) image divide@ by

15. Logical Operation:

Logical operations applynly to binary images whereas arithmetic
operations apply to mulralued pixels. Logical operations are basic tools i
binary image processing, where they are used for tasks soaskmg feature
detection andshape analysisLogical operations on entire image are peried
pixelT by1 pixel. Because the AND operation of two binary variables is 1 on
when both variables are 1, the result at any location in a resulting AND imag
1 only if the corresponding pixels in the two input images are 1. As logic
operation invlve only one pixel location at a time, they can be done in place,
in the case of arithmetic operations. The XOR (exclusive OR) operation yie
a 1 when one or other pixel (but not both) is 1, and it yields a 0 otherwise.
operation is unlike the OBperation, which is 1, when one or the other pixel i

1, or both pixels are 1.

AND OR XOR
lnputl | 1 | 1 | 0| O 111]0]|0 11100
lnput2 | 1 | 0 | 1] 0 170]1]0 11010
output | 1 | 0| 0] O 171110 0/ 1,1]0

Logical AND & OR operations are useful for thrasking and compositing
of images. For example, if we compute &idD of a binary image with some
other image, then pixels for which the corresponding value in the binary im:

is 1 will be preserved, but pixels for which therresponding

21
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binary value is O will be set to O (erased) . Thus the binary image acts as a
fmaslo  trémawvesnformation from certain parts of the image.

On the other hand, if we compute the OR of a binary image with some ot
image , the pixels for which the corresponding value in the binary image is 0"
be preservedbut pixels for which the corresponding binary value is 1, will b
set to 1 (cleared).

So, masking is a simple method to extract a region of interest from a

image.

a. Original image. b. Square for AND mask. c. Resulting image, (a) AND (b).

d. Square for OR mask. e. Resulting image, (a) OR (d).

Figure: image masking

In addition to masking, logical operation can be used in feature detecti

Logical operation can be used to compare between two images, as shown b

ND A
This operation can be used to find gumilarity white regions of two
different images (it reqred two images).

g (xy) =a(xy) * b (xy)

2N
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Exclusive OR ®
This operator can be used to find the differences between white regions «

different images (it requires two images).

g (x,y) = a (x,y) o0 b

NOT operation can be performed on gtag v e | I mages,
only one image, and the result of this operation isidgativeof the original
image.

g (x,y) = 255 (x,y)

(Joats1225)(ToaT 12 5)

(a) (b)
G ol o
(<) (d)

Figure a) input image a(x,y); b) input imagexy) ; c) a(x,y) ™ b(x,y)
d) a(x,y) * ~ b(x,y)

16. Image Histogram
A histogram is a graph that shows the frequency of anything.

A histogram is an accurate representation of the distribution of numerical
data. It is an estimate of the probability distribution of a continuous variable
(quantitative variable). A histogram is a graph showing the number of pixelsinan
image at each different intensity value found in that image. It's a bar chart of the
count of pixels of every tone of gray that occurs in the image.

Foran 8-bit grayscale image there are 256 different possible intensities, anc

29D
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so the histogram will graphically display 256 numbers showing the distribution of

pixels amongst those grayscale values.

Is

Number of Pi
D

0 65 175 255 Gray levels
(b)
The gray level histogram is showing, the gray level, for each pixel in the

image.

The histogram of an image records the frequency distribution of gray/levels
in the image.

The histogram of an 8-bitimage, can be though of as atable with 256 entries,
or ib i nisdéxed from 0 to 255. in bin 0 we record the number of times a gray
level of O occurs; in bin 1 we record the number of times a gray level of 1 occurs,

and so on, up to bin 255.

Analgorithmbelowshows howwe canaccumulate inahistogramfroman
image.

ALGORITHM: for Calculating image Histogram

create an array histogram.

For all gray levels , I,do

Histogram [I]=0

Endfor
Forallpixelscoordinates,xandy,do
Increment Histogram [f(x,y) ] by 1
Endfor
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A Thehistogram of adigitalimage with Ltotal possible intensity levelsintherange

[0, G] is defined as the discrete function
h(r) = ny

A Where rk is the kth intensity level in the interval [0,G] and nk Is the number of

pixels in the image whose intensity level is r .
k

Example: Figure shows an image and its histogram.

A Count

P
V:I(:ole Count

WA

[CVINN &) P~

\

— - - N W

w w o o bh
H DA OO OO O
ONBWN—=O

OO0 = =N

BNODHBWON
w

2 Total
| mage Histogram

N
(&)}

7 ’ Pixe
772774 Val
S—

. S \\\

Plot of the Histogram
(a)] (b) (c)

Figure: sub image and its histogram
Theshapeofthehistogramprovidesuswithinformationaboutthe nature
of the image, or sub image if we are considering an object in the image. For
example, a very narrow histogram implies a low contrast, a histogram skewed
toward the right implies abrightimage, a histogram skewed toward the left
impliesadarkimage, and a histogramwithtwo major peaks,impliesanobject

that in contrast with the background.

A color histogram counts pixels with a given pixel value in red, green, and blue
(RGB). For example, in pseudocode, for images with 8-bit values in each of R, G, B,

we can fill a histogram that has 25632 bins:
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int hist[256][256][256]; // resetto O
/limage is an appropriate struct
/Iwith byte fields red,green,blue
for i=0..(MAX_Y-1)

for j=0..(MAX_X-1)

{
R = image[i][j].red;

G =image]i][j].green;
B =image[i][j].blue;
hist[R][G][B]++;

}

Example : Plot the Histogram of the following example with 4x4 matrix of a 3-bit

image.

AnswerA
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Properties and usage of histogram

One of the principle use of the histogram is in the selection of threshold
parameter.

The histogram of an image provides a useful indication of the relative
importance of differentgraylevelsinanimage, indeed, itis sometimes possible
todetermine whetherbrightnes sorcontras tadjustment isnecessary merely by
examining the histogram and not the image itself.

When an image is condensed into a histogram, all spatial information is
discarded. The histogram specifies the number of pixels having each gray level

butgives no hint astowhere those pixels are located withintheimage. Thusthe

o JAS
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histogram is unique for any particular image, but the reverse is not true . Vastly

differentimages could have identical histograms. Such operations as moving

objects around within animage typically have no effect on the histogram.
Histograms are used in numerous image processing techniques, such as

image enhancement, compression and segmentation.

2|II 250

Note that the horizontal axis of the histogram plot (Figure (b) above)

represents gray level values, k, from 0 to 255. The vertical axis represents the

valuesof 2(k) j.e. the number of pixels which have the gray levé .

Itis customaryto 0 n o r ma h histogr@am by dividing each of its values
bythetotalnumber of pixelsintheimage, i.e. usesthe probability distribution
(previously stated) as: h( k)

p(k) = M <N
Thus,P (k) represents the probability of occurrence of gray level k.
As with any probability distribution:
+ All the values of anormalizedhistogram P(%) are less than or equdb 1.

4 The sumof all P(K) values is equal td

Anotherway of getting histogramistoplot pixelintensitiesvs. pixel probabilities.
However, probability histogram should be used when comparing the histograms of

images with differentsizes.
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Example: Supposethata3-bitimage (L =8) of size 64 x 64 pixels hasthe gray level

(intensity) distribution shown in the table below. Perform normalized histogram.

Tk Ng
I'n=0 790
ri=1 1023
ry=2 850
rs=3 656
re=4 329
rs=5 245
rs=6 122
r=1 81
Solution : MxN=4096. We compute the normalized histogram:
p(r)
A
Tie ny p(ri) = n/MN 251 ®
=0 790 0.19 l i w
=1 1023 025 Ay
ry=2 850 0.21 A5 *
rs=3 656 0.16 104 | -
re=4 329 0.08 ; Ll e
rs=5 245 0.06 051 4 BEEEE
rs=6 122 0.03 ! ————F
=1 81 0.02 012 3 4567

Normalized histogram

17. Histogram modification and histogram equalization

An alternate perspective to gray-level modification that performs a similar
function is referred to as histogram modification. The gray-level histogram of an
image is the distribution of the gray levels in an image. In figure 11 we can see an
image and its corresponding histogram. In general a histogram with a small -spread
has a low -contrast . And a histogram with a wide spread has a high contrast ,
whereas animage with its histogram clustered atthe low end oftherangeis dark ,
andahistogramwiththe values clustered atthe high end ofthe range corresponds

to a bright image.
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; Tl
d. Histogram of (c) appears clus- g. Bright image. h. Histogram of (g) appears shifted
tered. to the right.

il
i |H TITeIT

e. High-contrast image. f. Hlstogram of (e) appears spread

It |
) | ’5’ thlm}

i. Dark image. j. Histogram of (i) appears shifted to
the left.

Figure 11: a variety types of histograms

The histogram can also be modified by amapping function , which will
either stretch, shrink (compress), or slide the histogram. Histogram stretching
and histogram shrinking are forming a gray-level modification, sometimes
referred to as histogram scaling. In figure 12 we see a graphical

representation of histogram stretch, shrink, and slide.

l

- ll“l‘

a. Histogram stretch.

=1Ll

b. Histogram shrink.

|
|

c. Histogram slide.

il Wm

Figure 12: histogram modification
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a. Histogram stretch

The mapping function for histogram stretch can be found by the equation::

Iy, &) = IFr e

Stretch -
tretc ([(7', C)) [(}", C)MAX = 1(7', C)MIN

[MAX - MIN]| + MIN

Where :
1 I(r,c) maxisthe largest gray-level value in the image (r,c)
9 I(r,c) mnisthe smallest gray-level value in the image I(r,c)
1 MAXandMINcorrespondto the maximum and minimum gray-

level valuespossible (for 8-bitimages these are 0and255).

This equationwilltake animage and stretchthe histogramacrossthe entire
gray-levelrange, which hasthe effectofincreasingthe contrastofalowcontrast
image. If astretch is desired over asmaller range, different MAXand MIN

values can be specified.

c. Image after histogram stretching without d. Histogram of image (c).

.ml N

& Image after histogram stretching with clipping f. Histogram of image (e).
3% low and high values.

Figure 13: histogram stretch
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b. Histogram shrink

The opposite of a histogram stretch is a histogram shrink, which will

decrease image contrast by compressing the gray levels. The mapping
function for a histogram shrink can be found by the following equation:
Shrink,, ,y = Shrink,

MIN .
— || {(r, ¢) - L(r, ¢ + Shrink, .
I(r, vax ~ 1r, i [ Ll )MINJ MIX

Shrink(/(r, ¢)) =

Where: I(r,c)max is the largest gralevel value in the imagkr,c)
I(r,c)min is the smallest gralevel value in the image I(r,c)

Shrinkmax and Shrinkmin  correspond to the maximum and

minimum  graylevel valuegdesiredin the compressdustogram.

a. Original image. b. Histogram of image (a).

c. Image after shrinking the histogram to the d. Histogram of image (c).
range [75,175].

Figure 14: histogram shrink
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c.  Histogram slide

The histogram slide technique can be used to make an image either
darker or lighter but retain the relationship between gray-levels values. This
can be accomplished by simply adding or subtracting a fixed number from all

the gray level values as follow:

r

Where OFFSET value is the amount to slide the histogram.

In this equation, we assume that any values slide past the minimum and
maximum value will be clipped to the respective minimum or maximum.
Aposative OFFSET value willincrease the overall brightness, whereas a negative
OFFSET will create a darker image. Figure 15 shows a dark image that has been

brightened by a histogram slide with a positive OFFSET value.

b. Histogram of original image.

=ge after positive-value histogram sliding. d. Histogram of image after sliding.

Figure 15: histogram slide

Example: Apply histogram stretching for the following sub image :

/7 12 8
[20 9 6]
10 15 1
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Where:Max =255 ; Min =0
Solution :

I(r, e) — I ) um
I(T‘, C)max - I(rr C)min
I(r,C) mn=1; I(r,C) max=20; Max =255 ; Min =0

Stlr.e) =

(Max — Min) + Min

looy=[7-1/20-1]*[2557 0] +0=80.5
loy=[12-1/20-1]1*[2557 0]+0=147.6
lo2)=[8-1/20-1]*[2557 0] +0=93.9
l1,00=[20-1/20-1]*[2557 0]+ 0 =255
l1,)=[9-1/20-1]1*[2557 0]=107.3
la,2)=[6-1/20-1]*[2557 0]+0=67.1
l2,00=[10-1/20-1]*[2551 0]+0=120.7
l,)=[15-1/20-1]*[2551 0]+0=187.8
le2)=[1-1/20-1]*[2557 0]+0=0

80 147 93
[255 107 67]
120 187 O

Example: Apply histogram shrink for the following sub image :

70 120 80
[200 90 60]

100 150 10
Where: Shrink max =100;  shrink min =20

Solution:

MIN

Shrink, .5 = Shrink
Shrink(/(r, ¢)) = [ MAX . J[[(r, ¢) = I(r, €)yyy| + Shrink

AT W ) T -

I(r,c) mn=10;  I(r,c) max=200;  Shrink max=100; shrink min =20

loo) = [ 100-20 / 200-10] * [ 70 i 10]+ 20= 45.2
lo.y = [ 100-20 / 200-10] * [ 120 i 10] + 20= 66.3
lo2) = [ 100-20 / 200-10 ] * [ 80 i 10] + 20= 49.4
l.0y=[100-20/200-10]*[200 i 10]+20=100
la.y=[100-20/200-10]*[90 10]+20=53.68

V ks
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lz) = [ 100-20 / 200-10] * [ 60 i 10 ]+ 20= 41.05
l2.0)=[100-20/200-10]*[100 i 10]+20=57.89
l2.1)=[100-20/200-10]*[150i 10]+20=78.94
2.2 = [ 100-20 / 200-10] * [ 10 7 10] + 20= 20

45 66 49
[100 53 4]]
57 78 20

Example: Apply histogramsslideforthe following subimage,where OFFSET=10:

7 12 8
[20 9 6]
10 15 1

Solution:
Slide( I(r,c) ) =I(r,c) + OFFSET

17 22 18
[30 19 16
20 25 11

Histogram equalization

Histogram equalization often produces unrealistic effects in photographs;
however,itisveryusefulforscientificimageslikethermal, satellite orx-rayimages.
To find the histogram equalization must follow:

1- Countthetotalnumberofpixelsassociatedwitheachpixelintensity.
2- Cumulative distribution function (CDF)

3- Calculate as transformation function

nA
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x(E=1)

00 (0)-00 Mmoo
(O=01)-1

L (0)=000 (

# Cdfmin is the minimum non-zero value of the cumulative distribution functior
=+ M*N gives the image's number of pixels.

= L isthe number of grey levels used (in most cases 256)

Corresponding histogram (red) and cumulative &
histogram (black)

After Histogram Equalization &1 Corresponding histogram (red) and cumulative &3

Example:
Apply histogramequalizationforthe following subimage, whereimageis gray scale:
0 55 150 150z
51 50 55 55;
€70 80 90 10Qu
é :
&0 55 70 807

Solution:
_ ()1 ]
()= ( x(11))
(17 )11
M*N=4*4=16 L = 256 (because its gray scale)
Cdfmin =3
nc
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3 313, Sy =
GO= (P @561 D=0 pixel | Count | Cdf, | H()
(5D = (i—IG)?Zl (2561 1) =17 Intensity
(55) = (81_T6le (2567 1) = 51 50 3 310

! 51 1 4 | 17
(70) = (1%)? (25671 1) =119
16711 55 4 8 51
121
(80) = (1—55 7 (259 = 153 70 2 | 10 | 119
(90) = (11_2’5 ? (2585 = 170 80 2 | 12 | 153
147 3 90 1 13 170
(100=  ( —)7 (255)=187
15 100 1 14 | 187
150=  (*° '153) z (255)= 221 150 2 | 16 | 221
e0 51 221 221p
217 o0 51 51Y

153 170 187

o
©

m (D\

u
0O 51 119 143

BN sl
18 & 19. Image compression techniques

Image compression is a type of data compression applied to digital images, to
reduce their cost for storage or transmission . Data compression refers to the
process of reducing the amount of data required to represent a given quantity of
information.

4+ Thereducedfile is called the compressed file and is used to reconstruct the image

4+ Resulting in the decompressed image is the original image, is called the

2
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Uncompressed File Size _ SiZéy

Compressed File Size

r
i
: Compression Ratio =
1

Example : the original image is 256x256 pixel, single band (gray scale), 8-bit

per pixel. Thisfile is 65,536 bytes (64K). After compression the image file is 6,554
byte. The compression ratio is:

Size U/Size C = 65536/6554= 9.999=10 this can be written as 10:1

Thisiscalledafii 1t6 1 @ompressionoraf 1tnesc o mp r e sosii canrb®

statedasii c o mp r ¢heimagatg1/10 original size.

Image compression types
There are two primary types ofimage compression methods andthey are:
1. Lossless Compression
4 This compression is called lossless because no data are lost (with no loss in
image quality)

4 Andthe originalimage canberecreated exactlyfromthe compressed data.

.

Lossless compression is generally used for text or spreadsheet files, where
losing words or financial data could pose a problem
4+ The Graphics Interchange File (GIF) is an image format used lossless

compression

2. Lossy Compression.
+ Lossy Compression is the class of data encoding methods that allows a loss in
some of dataimages.
4+ The uncompressed image cannot be same the original image file.
4 Lossy methods can provide high degrees of compression and result in smaller
compressed files, but some number of the original pixels, sound waves or

video frames are removed forever.

VYV YVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVV
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Compression System Model
The compression system model consists of two parts: the compressor
(Encoding) and the decompressor (Decoding).
Compressor: consists of preprocessing stage and encoding stage.
Decompressor: consists of decoding stage followed by a post processing stage, as

following figure:

Input Image
I(r,c)

P Preprocessing Encoding

a. Compression

Compressed
File

Output
Image

Decoding  +—»| Postprocessing

b. Decompression

Figure (1): Compression System Model.

Before encoding, preprocessingis performed to prepare the image for the

encoding process. After the compressed file has been decoded, post processingcan

be performed to eliminate some of the undesirable artifacts brought about by the
compression process. Often, many practical compression algorithms are a

combination of a number of different individual compression techniques.

Entropy
Animportant concept hereisthe idea of measuring the average information
inanimage, referredtoas entropy. The entropy of NxN image can be calculated by

this equation.

L-1
Entropy = —Z P log, (P) (1n bits per pixel)

i=0
Where
P = The probability of the iw gray level ni /N2

AN
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nk= the total number of pixels with gray value k.

L= the total number of gray levels (e.g. 256 for 8-bits)

Example

Let L=8, meaning that there are 3 bits/ pixel in the original image. Let that
number of pixel ateach gray level value are equal (they have the same probability)
thatis:

Po=P1=P>= é € = 21/8

Now, we can calculate the entropy as follows:

7 7 1
Entropy =—>_ P, log(F)) =—>— log, (=) =3
i=0 i 8 3

Thistellusthatthetheoretical minimumforlossless codingforthisimageis 3

bit/pixel

Note: Log(x) canbe found by taking Logwo (X) and multiplying by 3.33 bacuase
1/Log1o (2) =3.32192809488736234

Lossless CompressionAlgorithms

1. Run-length Encoding (RLE)
4+ This encoding method is frequently applied to graphics-type images (or pixels
in a scan line) - simple compression algorithm in its own right.
#+ |tis alsoacomponentusedin JPEG compression pipeline.
4+ Example: Originalsequence: 111122233333311112222
canbeencodedas: (4,1),(3,2),(6,3),(4,1),(4,2)
How Much Compression? The savings are dependent on the data: In the worst case

(random noise) encoding is heavier than original file.

CN
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. Pattern Substitution

2. Simple Repetition Suppression
4+ Replace series with a token and a count number of occurrences.
4+ Usually need to have a special flag to denote when the repeated token
appears.
4+ Simplicity is its downfall: poor compression ratios.
4 Compression savings depend on the content of the data.
Example:
89400000000000000000000000000000000

Wecanreplacewith:  894f32 /where fisthe flag for zero.

A This is a simple form of statistical encoding.
A Here we substitute a frequently repeating pattern(s) with a code.

A Thecodeis shorter than the pattern giving uscompression.

A Thesimplestscheme could employ predefined codes:
Example: Basic Pattern Substitution
Replacealloccurrences of pattern of characters "and' withthe predefinedcode '&’,

So: andyou and|l becomes: &you & |

4- Shanon-Fano Method

A Shannoni Fano tree is built according to a specification designed to define an

effective code table. The actual algorithm is simple:

1. For a given list of symbols, develop a corresponding list of probabilities or
frequency counts so that each syis
known.

2. Sort the lists of symbols according to frequency, with the most frequently
occurring symbols at the left and the least common at the right.

3. Divide the list into two parts, with the total frequency counts of the left part

being as close to the total of the right as possible.

C1
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4. Theleftpartofthelistis assignedthe binary digit 0, and the right partis assigned
the digit 1. This means that the codes for the symbols in the first part will all
start with 0, and the codes in the second part will all start with 1.

5. Recursively apply the steps 3 and 4 to each of the two halves, subdividing groups
and adding bits to the codes until each symbol has become a corresponding
code leaf on the tree.

Example: The source ofinformation Ageneratesthe symbols {A0, A1, A2, A3and

A4} with the corresponding probabilities {0.4, 0.3, 0.15, 0.1 and 0.05}. Encoding the

source symbols using binary encoder and Shannon-Fano encoder gives:

Source Symbol P; Binary Code Shannon-Fano
AD 0.4 000 0
Al 0.3 001 10
A2 0.15 010 110
Al 0.1 011 1110
Ad 0.05 100 1111
Law H = 2.0087 3 2.05

The Entropy of the source is:

4
fifmis Z Pi log, Pi = 2.0087 bit/symbol
i=0

Since we have 5 symbols (5<8=27), we need 3 bits at least to represent each symbol in binary
(fixed-length code). Hence the average length of the binary code is

B
Lavg = Z Pili= 3 (0.4 + 0.3+ 0.15 + 0.1 + 0.05) = 3 bit/symbol

i=0
Thus the efficiency of the binary code is

~H  2.0087
~ Lavg 3

n = 67%

Shannon-Fanocodeis atop-downapproach. Constructing the codetree, we get

[
L AAAAAAAAAAAAAAAAAALAALAAAALAAALAAAAALALAALAAAALAALALAALAAALALAALALALAALALAALAAAALALAAALAAAAAAL

AAAAAAAAAAALAAALALAAALAALALALAALAALALALALALLAALALALALALLAALALALALALAALALALALALALALALALALALALALALALALALALALALALALALLAALLALALALALAALALALAALALAAAALAAAAAALL



VYV YVVVVVVVVVVVVVVVVVVYVVVVVVVVVVYVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVV]

VYV YVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVV

OO O
golelole

Qoo
Slolo

|9 B L] 1111

The average length of the Shannon-Fano code is

4
Lavg = Z Pili= 04+1+03+«2+0.15+«3+0.1+4+ 0.05 =4 = 2.05 bit/symbol

i=0
Thus the efficiency of the Shannon-Fano code is

_H _2.0087
"= Tavg . 2.05

= 98%

This example demonstrates that the efficiency of the Shannon-Fano encoder

is much higher than that of the binary encoder.

Huffman Code

The Huffman coding algorithm comprises two steps, reduction and splitting. These

steps can be summarized as follows:

1) Reduction
a) Listthe symbols in descending order of probability.
b) Reduce the r least probable symbols to one symbol with a probability
equal to their combined probability.

c) Reorder in descending order of probability at each stage.

CD

L AAAAAAAAAAAAAAAAAALAALAAAALAAALAAAAALALAALAAAALAALALAALAAALALAALALALAALALAALAAAALALAAALAAAAAAL

AAAAAAAAAAALAAALALAAALAALALALAALAALALALALALLAALALALALALLAALALALALALAALALALALALALALALALALALALALALALALALALALALALALALLAALLALALALALAALALALAALALAAAALAAAAAALL



VYV YVVVVVVVVVVVVVVVVVVYVVVVVVVVVVYVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVV]

d) Repeat the reduction step until only two symbols remain.

2) Splitting
a) Assignr ,... 1, 0to the r final symbols and work backwards.

b) Expand or lengthen the code to cope with each successive split.

Example: DesignHuffmancodesfor ={ 1, 2,6 € . 5}, havingtheprobabilitie

{0.2,0.4,0.2,0.1, 0.1}.

Symbol | Step1 Step 2 Step 3 Step4 | Codeword
a, 04—+ 04 — 204~ | 060 | 1
ay 02— 02|04 yg[™041 | 01
as 02 —f— 02+ o|[™02 J 1 000
a 0.1 021 0010
as 01 1] 0011
Letter Probability Codeword

a; 04 1

a, 0.2 01

ay 0.2 000

a, 0.1 0010

as 0.1 0011

The average code word length:

K
Lavg = Z Pili
i=0

=04x1+02x2+02x3+0.1x4+0.1x4=2.2 /

The source entropy:

C A
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() = 1[0@8+2x02 02+2x0.1 0.1}y 2=2.12193
bits/symbol

The code efficiency:

H
Lavg

‘I"I=

=(2.12193/ 2.2 )x 100 = 96.45%
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T i T

Basicsof Digital Audio (20" 215

The simplestkind of sound wave is a sine wave. Pure sine waves rarely existin
the natural world, but they are a useful place to start because all other sounds can
be broken down into combinations of sine waves. Even though such pressure
waves are longitudinal, they still have ordinary wave properties and behaviors, such
as reflection (bouncing), refraction (change of angle when entering a medium

with a different density) and diffraction (bending around an obstacle).

1- Detecting Sound: Since sound consists of measurable pressures at any 3D
point, we can detect it by measuring the pressure level at a location, using a
transducer to convert pressure to voltage levels.

Microphone: Receives sound and converts it to an analog signal.

Transducer

Analog Signal Analog-to-Digital
Source Converter {(ADC)

7
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If we wish to use a digital version of sound waves we must form digitized

representations of audioinformation.

2- The computer needs discrete entities: Analog-to-Digital converter is used

DedicatedHardware (e.g. Soundcard). Also known as Digital Sampling.

4+ Anti-aliasing filters (major part of Analog Conditioning) are needed at the
input to remove frequencies above the sampling limit that would resultin
aliasing. The anti-aliasing filter at the output removes the aliases that result
from the sampling.

4+ After the anti-aliasing filter, the analog/digital converter (ADC) quantises the
continuous input into discrete levels.

4+ After digital processing, the output of the system is given to a digital/analog
converter (DAC) which converts the discrete levels into continuous voltages or
currents.

4+ This output must also be filtered with a low pass filter to remove the aliases
from the sampling. Subsequent processing can include further filtering,
mixing, or otheroperations.

antialias filter reconstruction filrer

Amnalog . Digital Analog
| | A
[‘*" L [‘/ Y

Amalog Filtered Dlglnzed Ihamzed SH Analog
Input ~ Analog Ot Analog Cutput
Input Cnatput

16 bits = 65,536 levels (Quantization)
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Sampling and 4-bit quantization

Sampling

Quantization

S

/\
7\

Amplitude

¥ B
e, \l
12 [
10 )
" \ 2,
o ; &2
\ /] g
‘; \ E £ ﬁ\
i \ A
b A
: VB /1l
: \ |
LJ_J_.L.L_J_J_J_L_LL—I_.L_J_J_.I_I_L_LJ_J_.LML_LJ_LJJ
0

Time

Sampling rate: Number of samples per| 3-bitquantization gives 8 possible level
second (measured in Hz) values

second)

E.g.,CDstandard audiousesasampling | E.g., CD standard audio uses 16-bit
rate of 44,100 Hz (44100 samples per | quantization giving 65536 values.

large amplitude signals, and they are less likely to mask any noise.

CN

Voltage
111
i 11
110 N Largest step-size
110
101 / A Weak signal
100 7 \ N 101
Z— 5 ol
[\
or1 - i } Smallest step-size
Bid 010
\\ 001
001 |7 \
Strong signal = / 000
000 \\\_/ |
N 25 7 (% 52 o, Time
Uniform Nonuniform
quantization quantization

We have discussed only uniform sampling, with equally spaced sampling
intervals. Typical uniform quantization rates are 8-bitand 16-bit; 8-bit quantization

divides the vertical axis into 256 levels, and 16-bit divides itinto 65,536 levels.

Non-uniform sampling isalsopossible. Thisis notusedforsamplingintime, butis
used for quantization (the p-law). We call it non-linear If its logarithmic. The non-

linear scale is used because small amplitude signals are more likely to occur than
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Data rate = sample rate * quantization * channel

Q) Compare rates for CD vs. mono audio?

Mono audio: Data rate = 8000 samples/second * 8 bits/sample * 1 channel
= 7.8 kBytes / second

CD Data rate = 44,100 samples/second * 16 bits/sample * 2 channels

=172.26 KBytes / second ~= 10MB / minute

File size = (Data rate * time) + Header file

=sample rate *quantization *channel* time in second

Q) what is file size for CD data rate with 10 minutes
File size= 172.26 Kbytes * 60second*10minunts= 100.9Mbyts
Audio Quality vs. Data Rate

Quiality Sample Bits per | Mono/ Data Rate Frequency
Rate Sample | Stereo (kBytes/sec) Band
(kHz) (uncompressed)
Telephone 8 8 Mono 8 200-3400 Hz
AM Radio| 11.025 8 Mono 11.0 540-1700KHz
FM Radio | 22.050 16 Stereo 88.2
CD 44.1 16 Stereo 176.4 20-20000 Hz
DAT 48 16 Stereo 192.0 20-20000 Hz

Nyquist Theorem (22"9)

The Nyquist theorem states how frequently we mustsample in time to be

N
L AAAAAAAAAAAAAAAAAALAALAAAALAAALAAAAALALAALAAAALAALALAALAAALALAALALALAALALAALAAAALALAAALAAAAAAL

VYV YVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVV

AAAAAAAAAAALAAALALAAALAALALALAALAALALALALALLAALALALALALLAALALALALALAALALALALALALALALALALALALALALALALALALALALALALALLAALLALALALALAALALALAALALAAAALAAAAAALL



VYV YVVVVVVVVVVVVVVVVVVYVVVVVVVVVVYVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVV]

VYV YVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVV

able to recover the original sound.

As asimpleillustration, Fig. (1,a) shows a single sinusoid: itisasingle, pure,
frequency (only electronic instruments can create such boring sounds). Nowifthe
sampling rate just equals the actual frequency, we can see from Fig. (1,b) that a false
signal is detected: itis simply a constant, with zero frequency. On the other hand,
we sample at1.5timesthe frequency, Fig. (1,c) showsthatwe obtainanincorrect
(alias) frequency thatis lower than the correct one. itis half the correct one (the
wavelength, from peak to peak, is double that of the actual signal).

An alias is any artifact that does not belong to the original signal. Thus, for
correct sampling we must use a sampling rate equal to at least twice the maximum

frequency contentinthe signal. Thisis called the Nyquist rate .

fsO 2f

a Consider a sine wave

Sampling once a cycle

Appears as a constant signal

N\ Sampling 1.5 times each cycle

Appears as a low frequency

sine signal

Fig. 1: Aliasing:

(a) a singlefrequency;
(b) sampling at exactly the frequency producesa@nstant;

(c) sampling at 1.5 times per cycle produces an alias frequency thatneeived

What will happen if we get Nyquist Sampling Wrong?

1
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Digital Sampling Artifacts Arise - Effect known as Aliasing which affects Audio,
Image and Video

Generally, ifasignalis band-limitedd thatis, ifithasalower limit f1 andan
upper limit f2 of frequency componentsinthe signald thenwe need a sampling rate

ofatleast2(f2 T f1).

Nyquist theorem is used to calculate the optimum sampling rate in order to

obtain good audioquality.

For audio, typical sampling rates are from 8 kHz (8,000 samples per second) to
48kHz. Thisrangeisdetermined by the Nyquisttheorem. Humans have arange of
hearing from 20 Hz (low) to 20,000 Hz (high)

Q: Why are CD Sample Rates 44.1 KHz?
The upper range of human hearing is around 20Hz - 22 KHz. Apply Nyquist
Theorem (2% frequencies) . Therefore, sampling attwice the maximum frequency (44

KHz) we could have achieved good audio quality.

Suppose we have a fixed sampling rate. Since it would be impossible to
recover frequencies higherthan halfthe sampling rate in any event, most systems
have ananti-aliasingfilterthatrestrictsthe frequencycontentofthes a mp linput
toarange ator below halfthe sampling frequency. The frequency equalto halfthe

Nyquist rate is called the Nyquist frequency.

Ifthetrue frequencyis 5.5 kHz and the sampling frequency is 8 kHz, thenthe
aliasfrequencyis2.5kHz: So, ifagainthe samplingfrequencyislessthantwicethe

true frequency and is less than the true frequency, then the alias frequency equals n

(A |
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times the sampling frequency minus the true frequency, where n is the lowest

integerthatmakes ntimesthe samplingfrequencylargerthanthetrue frequency.

For example, when the true frequency is between 1.0 and 1.5 times the
sampling frequency, the alias frequency equals the true frequency minus the
sampling frequency.

In general, the apparent frequency of a sinusoid is the lowest frequency

sinusoid tha has exactly the same samples as the input sinusoid.

Data Level

A digital signal has eight levels. How many bits are needed per level?

Noiseless - Nyquist Theorem

Nyquist gives the upper bound for the bit rate of a transmission system by
calculating the bitrate directly fromthe number of bitsina symbol (or signal levels)
and the bandwidth of the system.

Nyquist theorem states that for a noiseless channel:

C=capacity in bps, B=bandwidth inHz, n=number of bits

Example: Consider a noiseless channel with a bandwidth of 3000 Hz transmitting a
signal with two signal levels.

Number ofbitsperlevel=log.2=1

C=2X(3000)log22'=6000bps.

Example: Consider the same noiseless channel transmitting a signal with four

signal levels

(AgS |
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(for each level, we send 2 bhits).
Number ofbits perlevel=log.4=2
C=2X(3000)log222=1200bps.

Example: Consider the telephone channel having bandwidth B=4kHz. Assuming
there is no noise, determine channel capacity for the following encoding levels: (i)
2, and (i) 128.

(i) C = 2B = 2x4000 = 8 Kbits/s

(i) C = 2x4000xl0g2128 = 8000x7 = 56 Kbits/s

Example: Television channels are 6 MHzwide. How many bits/sec can be sent if
four -level digital signalsare used? Assumeanoiseless channel.

C =2 X (6 X 10°) logz 4= 24 Mbps.

Synthetic Sound (23')

Quantization and transmission of audio (24™)

Quantization

4+ Since we quantize, we may choose to create either an accurate or less
accurate representation of sound magnitude values.

+ To compress the data, by assigning a bit stream that uses fewer bits for the
most prevalent signalvalues.

4+ Quantization process introduces a certain amount of error or distortion into
the signal samples.

+ Perceptual Quantization (u-Law)

+ Wantintensity values logarithmically mapped over N quantization units

A

L AAAAAAAAAAAAAAAAAALAALAAAALAAALAAAAALALAALAAAALAALALAALAAALALAALALALAALALAALAAAALALAAALAAAAAAL

AAAAAAAAAAALAAALALAAALAALALALAALAALALALALALLAALALALALALLAALALALALALAALALALALALALALALALALALALALALALALALALALALALALALLAALLALALALALAALALALAALALAAAALAAAAAALL



VYV YVVVVVVVVVVVVVVVVVVYVVVVVVVVVVYVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVV]

250 )

0 //7
o

Quantization Index
g
N

Sound Intensity
amplitude
x(t) 4 T

Red-Green = Quantization error
111 3 1867 3}5,--.-.-,_,--. ........... N s s e T i _v-.-v-.-sy\

110 | 2.2762 §~ *\ ----- \Quant levels
101 1.3657 ¥ -emmmmmmimmm ._._._._.\._. _______ .\_._._._-._._._. _______________ /
1k B

100 04552}F___________,,_-__)it ______ ____,:E\._,__.__;:§>\<£

0 ya

g ‘
-_\\.;- - boundaries
P,

011:-0.4552 F====="===" S \ ----- o /-1:-:r
1F : : —
010 | -1.3657 Y =======-= mm——————— -/--\\1':-/
-2&- ) 1 ]
001 ; -2.2762 ’f TTTTTTTm e ""‘/‘. s ""-'-:-:: ﬂn?ik)."sampled values
000 | -3.1867K -~ - = mmmmmmm mmm e fmommm s momomimi]
l—>l| .
4 . ; | Ts:isampling time
l o 0.5 1 15 2
PCM t ‘
codeword 110 110 111 110 100 010 011 100 100 011 PCM TX sequence

Quantization andtransformation of data are collectively known as coding of
the data . For audio, the p-law technique for companding audio signals is usually
combinedwith asimple algorithmthatexploits thetemporalredundancy presentin

audio signals.

Example: CD audio, which uses 16-bit samples at a 44,100 Hz sampling rate. There
are two parallel streams, one for each channel, to produce stereo. What is the

transmission rate of CD-quality audio?
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Aslong as you understand the terms involved, this is a straightforward math
problem. For each of the two channels, there are 44,100 samples per second. Each
of these samples requires 16 bits. Transmission rates are normally described in
terms of the number of bits per second that must flow from the source to the
destination. In ourcase:

44100samples persecond* 16 bits per sample*2 channels=1411.2 kbps

5-different Voice Digitization -techniques :

1) PAM= pulse amplitude modulation
2) PDM= pulse duration modulation
3) PPM= Pulse position modulation
4) PCM= Pulse code modulation

5) ADPCMe= Adaptive differential PCM

In general, producing quantized sampled output for audio is called Pulse
Code Modulation, or PCM
+ PCM is an extension of PAM wherein each analog sample is quantized

into a discrete value for representation as a digital code word.

+ PAMsystemcanbeconvertedto PCMifwe add ADC atthe source and
DAC at thedestination.

(A As
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Input 3‘33108 Bandlimiti p-law or
speech signal — i ﬁ;i;l_tmg > A-law »| Linear PCM
compressor
Transmission

0 al .

utput analog Y

speech signal _ Low-pass | H Alin:r | Digital-to-analog

filter converter
expander

Figure: PCM signal encoding and decoding

Differential Pulse Code Modulation (DPCM)
What if we look at sample differences, not the samples themselves?
k = Xe-Xe-1
Differences tend to be smaller. Use 4 bits instead of 12 bits. Changes between
adjacent samples small.
Value uses full bits, changes use fewer bits
Example:
(a) Full bits: ->2 2 0, 218, 221, 219, 220, 221
encoding sequence 0-255 numbers need 8 bits;
(b) Changes:->(Difference sequence) 220,-2,+3, -2,+1,+1,+1, -4....

Difference coding: need only 3 bits

Compression of Audio (25th)

Data compression implies sending or storing a smaller number of bits.
Although many methods are used for this purpose, in general these methods can be
divided into two broad categories: lossless and Lossy methods. Audio compression

can be used for speech or music. For speech, we need to compress a 64 kHz digitized

~=7
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signal, while formusicwe needtocompressal.411 MHz signal. Two categories of

techniques are used for audio compression: predictive encoding and perceptual

encoding.

Input Encoder Storage or Decoder Output
i tworks d i

= (compression) networ (decompression) T

Figure: A general data compression scheme

lossy audio compression

Our eyes and ears cannot distinguish subtle changes. In such cases, we can
use a lossy data compression method. These methods are cheaper, they take less
time and space when it comes to sending millions of bits per second for audio,
Images and video. Several methods have been developed using lossy compression
techniques, MPEG (Moving Picture Experts Group) encoding is used to compress

video, and MP3 (MPEG audio layer 3) for audio compression.

lossless audio compression

In lossless data compression, the integrity of the data is preserved. The original data
and the data after compression and decompression are exactly the same because, in
these methods, the compression and decompression algorithms are exact inverses
of each other: no partofthe datais lostinthe process. Redundant datais removed
in compression and added during decompression. Lossless compression methods
are normally used when we cannot afford to lose any data.

1. OLaw and A-Law Companding
These two method encode audio samples, by means of nonlinear

quantization. The g-law encoder inputs 14-bit samples and outputs 8-bit codewords.
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The A- law inputs 13-bit samples and outputs 8-bit codewords. G.711 standard is an

8-bit codewords whose format is shown:-

| P | S2]S1|S0| Q3| Q2] Q1] QO |

4+ Bit P is sign bit of the outpult.
4+ Bits S2, S1, and SO are the segment code.

4+ Bits Q3 through QO are the quantization code.

Al gor i t hilmaw éntoder O

Input : 14 bit samples

Output: 8 bit codewords

Begin:

stepl: adding a bias 33to the absolute value of the input sample.

step2 :determiningthe bitposition ofthe mostsignificant1-bitamongbits 5
through 12 of the input.

step3: subtracting 5 from that position.

Step4:The4-bitquantization codeis settothefourbitsfollowing the bitposition

determined in step2.
Step5: The encoder ignores the remaining bits of the input sample, and itinverts

codeword before it is output.

Al gor i t hilmaw @eoder O

Input : 8 bit codewords

Output: 14 bit samples

Begin:

Stepl:Multiplythe quantizationcode by 2 andaddthe bias 33toresult.
Step2: Multiplythe resultby 2 raised to the power of the segmentcode.
Step3: Decrement the result by the bias 33.

N
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Step4: Use bit P to determine the sign of the result.
End

Example: input sample-656

P =1 because sample is negative.
|-656|+33 = 689

689 = 0001010110001>

Q3 Q2 Q1 QO
o o o0 1 0 1 0 1 1 0 0 o0 1
12 11 10 9 8 7 6 5 4 3 2 1 0

The most significant 1-bit in positions 5 through 12 is found at position 9.
The segment code value = 9-5 = 4.

The quantization code is the four bits 0101 at positions 8-5, and the remaining
five bits 10001 areignored. The 8-bitcodeword (whichis laterinverted) becomes
P S2 SI SO Q3 Q2 Q1 QO
1 1 0 0 0 1 0 1

O- Law decoder
1. The quantization codeis 101> =5,s05x2 +33 =43
2. Thesegmentcodeis1002=4, so 43 x 2* = 688.
3. Decrement by the bias 688 8 33 = 655.
4. BitPis1,sothefinalresultisd 655. Thus,thequantizationerror(thenoise)is

1; very small.

7N
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Video Basics (26th)

INTRODUCTION:

Video can be defined as the photographic images that are played back at speeds of
15, 25, 30 frames per second and provide the appearance of full motion (see Figure
1). Avideo consists of atime -ordered sequence of frames (images).

Figure 1: Video Frame

DIGITALVIDEO:

Digital video referstothe capturing, manipulation, and storing of moving images
that can be displayed on computer screens. This requires that the moving images be
digitally handled by the computer. The word digital refers to a system based on
discontinuous events (sampling), as opposed to analogue, a continuous event.
Visualpixels arethebasicunitindigitalvideo, where each colorcomponent sorted
digitally in each pixel.

5 Things To Consider When Playing Video:

1 Frame rate : is the frequency (normally per second) at which frames ina
television picture, film, or video sequence are displayed.

1 Videoresolution :isthe number of distinct pixelsineach dimensionthatcan
be displayed.

1 Video colouring model (colour space): A colour model is an abstract
mathematical model describing the way colours can be represented as
tuples ofnumbers.

1 Rawvideo: Itisthe unprocessed data from a camera's image sensor. Most

71
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photographers prefer shooting rawfilm due to the high quality ofimagesthat
the camera sensor could possibly produce.

91 Aspect Ratio: The aspect ratio of an image describes the proportional
relationship between its width and its height . Itis commonly expressed as
two numbers separated by a colon, as in 16:9.

Frame Dimensions, Number of Lines, and Resolution
Avideoframeiscomposed oflines. Indigital video, eachlineissampledtocreatea
number of pixels (samples) perline. Themorelines perframe, the highertheimage
resolution. The more pixels per line, the higher the resolution of each line.
Number of Lines

Inanalog video, NTSC uses 525 lines, whereas PAL uses 625, many lines are not
actually used for picture information, so the total numbers relevant for the picture
are somewhat smaller: 486 lines for NTSC and 576 lines for PAL. HD formats defined
by the ATSC have either 1080 or 720 active picture lines per frame.

Pixels per Line

In digital video formats, each line is sampled a number of times. In an attempt to
create a single digital VTR that could digitize and record both NTSC and PAL signals.
Therefore, adigital NTSC video frame is 720 pixels x 486 lines, and a PAL video frame
is 720 pixels x 576 lines.

HDvideowith1080linesuses 1920 pixelsperline (1920x1080). HDvideowith 720
lines uses 1280 pixels per line (1280x 720). Both of these formats have an aspect
ratio of 16:9.

Common video frame sizes are shown in the table.

320 240 11 4:3 Usedforweb distribution or offline video
editing.
640 480 11 4:3 An early standard for analog-to-digital video

editing,andan ATSCvideo specification.

7201 480  Height 4:3 NTSC DV and DVD image dimensions. Also part

%ﬁer than of the ATSC video specification.

720 486  Height 4:3 NTSC SD video dimensions used for professional

%ﬁer than digital formats such as Digital Betacam, D-1, and
D-5.

720t 576  Width 4:3 PAL SD video dimensions used for digital

7
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greater than formats such as Digital Betacam, D-1,and D5, as
height well as DVD and DV.
1280 720 11 16:9 AnHDvideoformat, capable of higherframe
ratesinexchange forsmallerimage dimensions.
1920 1080 11 16:9 An HD video format with very high resolution.
960 720 43 16:9 Some 720pformats (suchasDVCPROHDand

HDV) subsample 1280 pixels to 960 to minimize
the datarate.

1440 1080 453 16:9 Some 1080-line formats (such as HDV and
1280 3:2 DVCPRO HD) subsample 1920 pixels to 1440 or

even 1280 to minimize the data rate.

Inordertoknowcalculatethesize ofagivenvideoclip (withoutcompression), we
use the followingequation:

video size (bits) =width x height x bit per pixel x frame rate x duration (time)

Where:

Bit per pixel =24for RGB 8for gray-level and 1for binary image
Framerate or frame per second=15, 25, 30fps or evenmore
Duration =time in seconds

Example:
Findthe size in Kbyte fora 10 minutes FullHD (1920x1080) video sequence (RGB

type) with a frame rate = 30 fps.

Solutions:

RGB type = 24 bits=3Bytes
Timeinseconds=10x60=600
Videosize=1980x1080x3x30x600
Videosize==115473600000Bytes
To convert toKBytes

Video size =115473600000/1024

= 112767187.5 Kbytes

Video Rate (bits) = width x height x bit per pixel x frame rate
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Example:
What is the bit rate for high -definition TV (HDTV)?

Solution: 1920 x 1080 X 30 x 24 = 1492992000 = 1.39 Gbps

HDTV usesdigital signalstobroadcasthighquality videosignals. TheHDTV screenis
normally a ratio of 16: 9.

There are 1920 by 1080 pixels per screen, and the screenis renewed 30 times per
second. Twenty-four bits represents one color pixel.

27th Video Color Models

Color Model
1. RGB Model
1 Generate all others colours based on three basic colours which are Red,
Green, and Blue.
1 (Newer) Color LCD panels (typically thin-film-transistor liquid-crystal
displays (TFTLCD)): Transistorswitchforeach (R, GorB) pixel
1 Used indisplay (monitor) LED, data-show etc.

2. CMYand CMYKmodel

Yellmn/
Combinations of additive and subtractive colors

Cyan,Magenta,and Yellow (CMY)are complementary colors of RGB -
Subtractive Primaries.

1 CMY modelis mostly used in printing devices where the color pigments on the
paper absorb certaincolors.

E.g., convert White from (1, 1, 1) inRGB to (0, 0, 0) in CMY.

Used in colorprinter

= =

= =
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e 1 R ]
M|=|1 G
R4 1 B |
"R 1 C’
Gl=|1]|-|Mm
B 1 Y

(R G B)=C ( (1-R)=C,(1-G)=M,(1-B)=y)

CMYKmodel: Animproved Printing Color ModelSometimes, analternative CMYK
model (K standsfor Black)isusedin color printing

Original Color Image w

A N

C. M, Y, K image Intensities

3. CIE Colormodel
A In 1931, the CIE defined three standard primaries (X, Y, Z)

A TheY primary was intentionally chosen to be identical to the luminous-

efficiency function of human eyes (Perceptual Model).

A Allvisible colorsareinahorseshoe shaped coneinthe X-Y-Z space. Consider
the plane X+Y+Z=1 and project it onto the X-Y plane, we get the CIE
chromaticity diagram.

A The edges represent the pure colors

7C
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seeeieieen 1 The colors along any
: All colors visible to : i line between two

: the average human eye
: are contained inside

: the diagram
................ SE R

 points can be made by ¥ otesssmemssesesenmssrmne e o :
: : The edge of the diagram,

called the spectral locus, :
represents pure,
monochromatic light
0.8 it measured by wavelength in
X i nanometers.These are the :

5 [ 4/ most saturated colors.

i mixing the colorsat !
i1t the end points. In this i [}
case Green + Red =  :

0.6

500+
0.5

Color gamut: subset of :

y colors that can be
0.4 ; represented by mixing :
’ the colors at it’s
corners :
0.31

0.2 i “line of purples”: these

i colors are fully saturated :

0.11 i but can only be made by :

\ mixing two colors (red and

: blue) :

0.0 | | PR (et cnsnsnensans

0.0 0.4 0.5 0.7 0.8

X

Anatomy of a CIE Chromaticity Diagram

4. YUV ColorModel
A Digital video standard established in 1982

A Videoisrepresented by a sequence of fields (odd and even lines). Two fields
make aframe.

A Works in PAL (50 fields/sec) or NTSC (60 fields/sec)

A UsestheY, U, V color space.

Y 0.299 0587 0.114 R
U | =1 —-0209 —-0587 0.886 G
4 0.701 —-0.587 —-0.114 B

5. HSL color model
For example, the Hue/Saturation/Lightness (HSL color transform allows us to

describe colors in terms that became more readily understand (see Figure (2-b). The
lightness isthe brightness of the color, and the hue is what we normally think of as
“color" (forexample green, blue, or orange). The saturation isameasure of how
much white is in the color ( for example, pink is red with more white, so it is less
saturated than a pure red ). Most people can relate to this method of describing
color. Forexample,"adeep, brightorange"wouldahavealargeintensity ("bright"),
ahue of "orange" and a high value of saturation ("deep"). We can picture this color

A~
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in our minds, but if we defined this color in terms of its RGB component R=245,
G=110, and B =20, most people would have no idea how this color appears. Because
the HSL color space was developed based on heuristics relating to human
perception, various methods are available to transform RGB pixel values into the
HSL color space. Most of these are algorithmic in nature and are geometric
approximationstomappingthe RGB color cube intosome HSL-type colorspace.

White
\

Lightness

J (e ol ) HLS space

magenta
Ligh

gray scale

black S Black

Figure(2) a HSL image

Video Compression

Why need videocompression?

Imaginethat One movie video without compression 720 x 480 pixels perframe Full
colorwith 30 frames persecondfor 90 minutes needs 167.96 G Bytes!! (storage?).
In addition, the bit rate for high-definition TV (HDTV) needs 1.39 Gbps. Which is

huge bit rate required. (transmssion?).

Uncompressed File Size _ SiZ€y

Compressed File Size

r
i
: Compression Ratio =
1

The following techniques are commonly employed to achieve desirable reductions

in image data:

777
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1) Reduce color nuances within the image

2) Reduce the color resolution with respect to the prevailing light intensity

3) Remove small, invisible parts, of the picture

4) Compare adjacent images and remove details that are unchnaged between

two images

Thefirstthree are image based compressiontechniques, where only one frameis
evaluated and compressed at a time. The main one that does the real image
compressionisthe Discrete Cosine Transform (DCT)followed by a quantization that
removes the redundant information (thefi i n v iparis)lb | e 0

In video there is redundancy data.
a) Spatial redundancy :take advantage of similarity among mostneighboring
pixls
b) Temporal redundancy: take advantage of similarity between frames

a)Spatial redundancy b)Temporal redundancy

To compress video should be either within a frame or multi-frame
1- Compresses each frame in isolation, treating it as a bitmapped image. Based
on quantization of DCT coefficients

VYV YVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVV
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2- Compressessequencesofframes by only storing differences betweenthem
Based on Motion Compensation (MC).
ANAYAY

Frameo (still image)

Difference frame1=(Frame:1i Frameo)

Difference framez=(Framezi Frame:)
Ifnomovementinthe scene, alldifferenceframesareO.
Can be greatly compressed!

0 1 2 3

A motion vector (MV) describes the offset between the location of the block being
coded (in the current frame) and the location of the best-match block in the
reference frame

Search Area

Macro Block
16X 16 Pixels

Motion Vector
An obvious solution for video compression would be predictive coding based

on previous frames. For example, suppose we simply created a predictor such that
the prediction equals the previous frame. Then compression proceeds by
subtracting images: instead of subtracting the image from itself (i.e., use a
derivative), we subtract in time order and code the residual error. And this works.
Suppose most of the video is unchanging in time.

The idea of looking for the football player in the next frame is called motion
estimation, and the concept of shifting pieces of the frame around so as to best
subtract away the player is called motion compensation.

The basic principle for video compression is the image-to-image prediction. The first
imageis called an I-frame and is self-contained, having no dependency outside of
thatimage. The following frames may use part of the firstimage as areference. An
image thatis predicted fromone reference imageis called aP-frameand animage
thatis bidirectionally predicted from two reference images is called a B-frame.

1 I-frames: | (Intracoded) frames, self-contained

1 P-frames: (Predicted) from last | or P reference frame

7N
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1 B-frames: (Bidirectional); predicted fromtwo references oneinthe pastand
one in the future, and thus out of order decoding is needed
MPEG display order

L
-

I BB BPFBUBB P

—= forward prediction of P —frames
— forward prediction of B—frames

— backward prediction of B—frames

Figure: The illustration above shows how a typical sequence with |-, B-, and P-frames may look.
Note that a P-frame may only reference a preceding I- or P-frame, while a B-frame may reference
both preceding and succeeding I- and P-frames.

Original Scene

IPB Compression

N
<?

YY) YY) e0e @ eee o

The video decoder restores the video by decoding the bit stream frame by frame.
Decoding must always start with an I-frame, which can be decoded independently,
while P-and B-frames mustbe decodedtogetherwithcurrentreferenceimage(s).

Steps to compress video
1- Divide Image to blocks ( 16x16 or 8x8)

2- Use DCT basedtechniques for spatial redundancy removal (Intra-frame
compression).
Use MC (Motion Compensation) techniques for temporal redundancy removal
(Inter-frame compression).

4- Final stage is two dimensional run-length coding.
Encoding of I-frames

w
1
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Pixel amplitude values
23 191159128 98 | 72| 39 | 16 |
p23 [o1[1s9] 128 98 [ 72 39 [ 16 |
23 [191159]128] 98 | 72|39 |16 |
23 191159128/ 98 [ 7239 [ 16
p23 1a1159/128] 98 | 7239 |16 |
RGB 23 155128/ [ 72 [39 6
————— 23 ot 128] 98 7239 [ 16
840] 04110 |17 0 | 223 11 159] 128] 98 |72 |39 [ 16
jojojafojojo A
; lojojojoiojo 4____F;c7
Pixel DCT Values o lofololofo]o | e
Tofololofolofo" _ .
olofololofolo Discrete Cosine Transform
ofofafofofofo
l ' |
Zig-Zag Scan,
. e —>| Run-lensth >
Quantization Bim-length ~
* major reduction coding
* controls ‘quality’ |
o1
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