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Introduction

» All types of multimedia information are stored and
processed within a computer in a digital form.

» They can be integrated together and transmitted
over a single all-digital communications network.
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Binary
0100 0001
0100 0010
0100 0011
0100 0100
0100 0101
0100 0110
0100 0111
0100 1000
0100 1001
0100 1010
0100 1011
0100 1100
0100 1101
0100 1110
0100 1111
0101 0000
0101 0001
0101 0010
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Binary
0101 0011
0101 0100
0101 0101
0101 0110
0101 0111
0101 1000
0101 1001
0101 1010
0101 1011
0101 1100
0101 1101
0101 1110
0101 1111
0110 0000
0110 0001
0110 0010
0110 0011
0110 0100
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Digitization Principles

» A signal whose amplitude varies continuously with
time is known as an analog signal.

» Techniques involved in analog-to-digital conversion
include sampling and quantization.

» The range of frequencies of the sinusoidal
components that make up a signal is called the
signal bandwidth.

» Any signal transmitted over a channel must have a
signal bandwidth less than the channel bandwidth.
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Digitization Principles

» Signal Properties: a) Time varying analog signal, b) Sinusoidal frequency components
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Digitization Principles

» Signal Properties: Signal Bandwidth example

Signal A Speech bandwidth
amplitude
: : » frequency, f
f = 50Hz [, = 10kHz R
Signal A Music bandwidth
amplitude
: : -
fi=15Hz f, = 20kHz
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Digitization Principles

» Signal Properties: Effect of limited bandwidth
transmission channel

lost frequency components
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Digitization Principles

» Encoder design

Signal Encoder design- Circuit components

Analog input Digitized
signal codewords
Bandlimiting ~ Sempling Analogodigital Signal encoder
filter clock (C) converter
= output
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Digitization Principles
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Igitization Principles Sampling Rate

» Nyquist Sampling theorem:

The amplitude of a signal must be sampled at a minimum rate that is
equal to or greater than twice the bandwidth of the signal.

\NW\/W\/\ f, - 21
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Digitization Principles Sampling Rate

A 6kHz real signal 2kHz alias signal

Signal /\ .
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Diqgitization Principles m

Determine the rate of the sampler and the bandwidth of the bandlimit-
ing filter in an encoder which is to be used for the digitization of an
analog signal which has a bandwidth from 15 Hz through to 10 kHz
assuming the digitized signal:

(1) 1is to be stored within the memory of a computer,

(11) 1s to be transmitted over a channel which has a bandwidth from
200 Hz through to 3.4 kHz.

The Nyquist sampling rate must be at least twice the highest frequency
component of the signal or transmission channel. Hence:

(i) The sampling rate must be at least 2 X 10 kHz = 20 kHz or 20 ksps
and the bandwidth of the bandlimiting filter is from 0 Hz through
to 10kHz,

(i) The sampling rate must be at least 2 X 3.4 kHz = 6.8 kHz or 6.8 ksps
and the bandwidth of the bandlimiting filter is from 0 Hz through
to 3.4 kHz.
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Digitization Principles: Quantization

» Quantization is the process that confines the amplitude
of a signal into a finite number of values.
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Digitization Principles:

Quantization
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Digitization Principles: Quantization

Quantization interval : 2V
. max
q= k

where n is the number of bits used and Vmax is the maximum
positive and negative signal amplitude
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Digitization Principles: Quantization

Quantization Procedure: Noise Polarity
The difference between the actual signal amplitude and

the corresponding nominal amplitude is called the
guantization error.

+ 9/
‘ _—Actual amplitude

‘ Frror = —¢ Nominal
0 «— amplitude
‘ Error = +¢ level

Actual amplitude

-9/
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Digitization Principles: Quantization

» The ratio of the peak amplitude of a signal to its
minimum amplitude is known as the dynamic range.

D =20log,g (Vo / Vo) in dB
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Digitization Principles: Quantization Example

An analog signal has a dynamic range of 40dB. Determine the magni-
tude of the quantization noise relative to the minimum signal
amplitude if the quantizer uses (i) 6 bits and (i1) 10 bits:

4

I”. , v
D = 20 lngl“ I;ldx dB Quantization noise — i E — i max
min 2 2n
Vo v
Hence 40 =20log,, 1.::: V. = 1'335
(1) n = b bits (11) n= 10 bits
. v v
q P F | F ax max max
— == -+ T Hence — == =+
Hence 2 29 64 910 1024
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Digitization Principles

» Decoder design

|
| | A
Digitized Lt ' Analog output
codewords { DAC { \ > | signal

Signal decoder  Low-pass filter
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Digitization Principles: Summary

> Encoder
» Sampling: Nyquist Rate- aliasing effect
» Quantization: Quantization error

> Decoder
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There are 3 types of text that are used to produce pages
of documents:

o Unformatted text
o Formatted text
u Hypertext
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Text--Unformatted text

Unformatted text:(=plaintext)

» Comprise strings of fixed-size characters from a
limited character set such as ASCI| code set.

> e.g. .txtfile
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Text--Unformatted text

Example character set to produce unformatted
text: (a) the basic ASCII character set.
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Text--Unformatted text

¢
257& M
LA

7% Z
¥

Note: Grid enly included as a template.

I
JAN

[\
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Text-- Formatted text

Formatted text: (=richtext)

» Comprise of strings of characters of different styles,
size, and shape with tables, graphics, and images.

» e.g. word .doc file
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Text-- Formatted text

Quickly increase/decrease

Drop-down menu to change font font size

Change font size Change case

Clear formatting

Calibri (Body) A~ A~
B I g v abe Xz Xz &v ,&".’:} v A v
/ / f \\\‘\\ Change text color
Bold, Italicize, Underline R
Highlight text

Strikethrough, Subscript, Superscript .
Special text effects

Pull down to insert horizontal line
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Text-- Formatted text

Figure 2.8 Formatted text: (a) an example formatted text string;
(b) printed version of the string.

(a)

(b)

<B><FONT SIZE=4><P>Formatted Text</P>

</B></FONT>

<P>This is an example of formatted text, it includes:</P>

<FONT SIZE=2>

</FONT><I><P>Italics,</I> <B>Bold</B> and <U>Underlining</P>

</U>

<FONT FACE="French Script MT"><P>Different Fonts</FONT> and <FONT
SIZE=4>Font Sizes</P>

Formatted text

This is an example of formatted text, it includes:
ltalics, Bold and Underining

D'lgtrent fents and FOﬂf SiZGS
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Text-- Hypertext

Hypertext:

» Integrated set of documents (each comprising
formatted text) to be created which have defined
linkages (hyperlinks) between them.

> e.g..htm file
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Text-- Hypertext

» HTML-HyperText Markup Language

» SGML- Standard Generalized Markup Language
> Tex
> Latex
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» Images include computer-generated images
(referred to as computer graphics) and digitized
images of documents and pictures.

» All images are displayed in the form of a two
dimensional matrix of individual picture elements
called pixels
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Images--Graphics

» Graphics are composed of all kinds of visual objects
such as lines, arcs, squares, circles and so on, as well
as any form of hand-drawn objects.

» Each object has a number of associated attributes
such as color, shape, size, shadow and so on
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Images--Graphics

Rectangular select. -.,__i‘

....... e

-#?\..J’
Elliptical select, ="

i

Fill with Gradient. " _
Click to fill area.&? 'E' A ﬁ A
S /L9 L A,

Brush tool. —

Click to set _—""

foreground color.

Click restore
default colors.

=N )
QAP L

Click to set BG Click to
color for erasing. swap colors.
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Images--Graphics

Graphics Principles: Example Screen format

X = 640 pixels

Y = 480 pixels

Y

]
-
n%

[
L

i‘ I

A

_~Pixel position (X, Y)

e

X x Y = spatial resolution of screen
8 bits per pixel = 256 ditferent colors
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Images--Graphics

Graphics Principles: Effect of changing position Attributes
Solid Objects
0 o0 (EERDESSSNEES S|
ey e o :
o o R ;
Dd:JD -::i::Ig ,E a
:}DD L__D:;:IG g:i:t::l::l:l:r:txctj
Line Curve Square
(d)
|- Border pixels

4

oo 0 §
:ID( 0 0

AL
o oo

— Colorill pixels
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Images--Graphics

There are 2 forms of representation of a computer
graphic:

» The representation of a graphic is analogous to the
structure of a program written in a high-level
programming language, which consists of a set of
commands that are necessary to draw the different
objects that make up the graphic.

» Another form of representation is the actual pixel
image of the graphic (bit-map format).
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Images--Graphics

GIF-Graphical Interchange Format

TIFF- Tagged Image File Format
SRGP- Simple Raster Graphics Package
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Image-Digitized Documents

Page being Scanning head Printed digital Image
scanned /
/]

N
s

~

==

° . - Pels
Facsimile (fax) Machine —
éiégé;é
: . Scanred page
Scan lines < =
Pel = pichure element Resolution = M x N

Pel resclution = 8 per mm
line resolution = 3.85/7.7 pet mm
= 100/200 per inch
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Images-Digitized Pictures Color Principles

Scanner-8 bit per pixel-256 different level of gray per
element

A whole spectrum of colors can be produced by using
different proportions of the 3 primary colors red,

green and blue.

There are 2 mixing techniques:
1. Additive color mixing

2. Subtractive color mixing.
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Images-Digitized Pictures Color Principles

(a) JEEAR]
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RGB primaries: CRT monitors
(b) N
.-"--F--
- . H“\-\.
I A . =k )
c / IC] N R w2
/ *- : '
7 -I - q:-h “ "'f-f.’d__ qT-HM"'- ] - 1
e Ll . GREE J Y - B !
B FA N < I, “ :  BLACK |
\ / \ / | WHITE ! !
|' N BlACE | | oY
| MAGEMTA T~ _-L" YELLCOWY 5 P
VoW \ RED / Y / -
1 L L Wil | I, .
\ l"'x R/ / ’ P
o, - -.} 4 .-.-__. s
e a - . — -

Subtractive color: Ink
CMY primaries; Film, prints
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Images-Digitized Pictures

A Scanling | por——— —

W
— - l Time

| frame
\ ™ Horizontal retrace

\« Vertical refrace

L e A WN
/
/
v iy

N = 525 [NTSC) and 625 [PAL/CCIR/SECAM|
Frame refresh rate = 60 times per second [NTSC)
= 50 times per second (PAL/CCIR/SECAM|
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Images-Digitized Pictures

Raster-scan principles

Television/computer monitor

Scanning
electronics

L/

——————————————

"R

Cathode ray
tube (CRT)

‘ Screen coated with a

2-dimensional matrix of pixels
each comprising a set of

¥ three color phosphors which
are sensitive fo the R, G and B

‘ signal levels

Pixel format on each scan line -
Spot size

1 EX

-—

R, G, B/R', G', B' = phosphor triads
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Images-Digitized Pictures | Raster-scan display architecture.

Host computer

Gmphics program \I

t

Hayhuﬂrd Di splcr-_.r Mouse
input controller input

Phosphor triad

(i |

4,/8/24 bits e — E
HEE 5--- o [ — ooo0ao
| i : Video s T .
Red \\h ! . "
| | : controller )
’ A §
Pixel / bit mup*’f" EEEE--------- -5
1 =
image Video RAM Rasterscan display
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Images-Digitized Pictures

Pixel depth

» The number of bits per pixel is known as the pixel depth

and determines the range of different colors that can
be produced.

» Color look-up table
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Images-Digitized Pictures

(common ratios: 4:3, 16:9)

Aspect Ratio

The aspect ratio is the ratio of the number of pixels per
scanned line and the number of lines per frame.

Standard | Resolution | Number | Memory required
of colors | per frame (bytes)
VGA 640X480X8 256 307.2kB
XGA 640X480X16 64k 614 .4kB
1024X768X8 256 786.432kB
SVGA 800X600X16 64k 960kB
1024X768X8 256 786.432kB
1024X768X24 16M 2359.296kB
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itized Pictures

Color Image Capture: Schematic

(a)

Digital still image camera

/*

Color picture

e

or video camera

L\

—_—

Scanner

\:[;

Computer

-

Imnge caplure
or

frame grabber

CPU
+
Memory

Scanner
interface

Frame

butter

Pixel depth
|bits)
-

Pixel 1 A
Pixel 2

: Line 1
Pixel n Y
Pixel 1 A
Pixel 2

| Line N
Pixel n Y
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There are 2 types of audio signal:

1. Speech
2. Music quality audio

» Audio can be produced either naturally by means of
a microphone or electronically using some form of
synthesizer.

» Output of all digitized audio signals the stream of
digitized values must be converted back into its
analog form as loudspeakers operate using an
analog signal.
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Summary of characteristics

-

Speech Music
Typical bandwidth | 50Hz - 10kHz |15Hz - 20kHz
Sampling rate 20kHz 40kHz

Bits per sample

12

16

No. of channels

usually mono

usually stereo
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_____Audio [T

Assuming the bandwidth of a speech signal is from 50 Hz through to
10 kHz and that of a music signal is from 15 Hz through to 20kHz, derive
the bit rate that is generated by the digitization procedure in each case
assuming the Nyquist sampling rate is used with 12 bits per sample for the
speech signal and 16 bits per sample for the music signal. Derive the
memory required to store a 10 minute passage of stereophonic music.

(1) Bit rates: Nyquist sampling rate =2 f
Speech: Nyquist rate = 2 X 10 kHz = 20kHz or 20 ksps
Hence with 12 bits per sample, bit rate generated
=20k x 12 = 240 kbps
Music: Nyquist rate = 2 X 20kHz = 40 kHz or 40 ksps
Hence bit rate generated = 40k X 16 = 640 kbps (mono)
or 2x640k = 1280 kbps (stereo)

(i1) Memory required: Memory required = bit rate (bps) X ume (s) /8 bytes
Hence at 1280 kbps and 600s,
1280 x 10” x 600

Memory required = 8 = 96 Mbytes
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Audio—- PCM speech

» The bandwidth of a speech circuit in a PSTN was
limited to 200Hz through to 3.4kHz. =Sampling
rate 8 kHz

» The digitization procedure is known as pulse code
modulation (PCM) and the international standard
relating to this is defined in ITU-T Recommendation
G.711.

» North America & Japan: 7 bits per sample, use p-
law compression-expansion characteristics

» Europe: 8 bits per sample, use A-law compression
expansion characteristics.
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Audio- PCM speech

PCM Principles: Signal Encoding and Decoding Schematic

Signal encoder Signal decoder

Speech Low Speech
Bandlimiting
input filter Compressor Expander pass output
signal filter signal
I VO
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PCM Principles: Compressor Characteristics
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PCM Principles: Expander Characteristics

Segment code

‘ Cruantization code
Polarity bit

T
R

- h
Chtput from DAC

Mote that in the G.7 11 standard a 3-bit segment code and 4-bit quantizaion code are used.




Audio-- CD-quality audio

» Sampling rates 44.1kHz
» 16 bits per sample

> 2 channels
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Audio-- CD-quality audio

Example

Assuming the CD-DA standard is being used, derive:

(1) the storage capacity of a CD-ROM to store a 60 minute multimedia
ttle,

(11) the time to transmit a 30 second portion of the title using a trans-
mission channel of bit rate:

m  61kbps
m  1.5Mbps.

(1) The CD-DA digitization procedure yields a bit rate of 1.411 Mbps.

Hence storage capacity for 60 minutes
= 1.411 x 60 x 60 Mbits

= 5079.6 Mbits or 634.95 Mbytes

(11) One 30 second portion of the title = 1.411 x 30 = 42.33 Mbits
Hence time to transmit this data:

42.33 x 10° :
At 64kbps = = 661.4s (about 11 minutes)
64 x 10°
42.33 x 10°
At 1.5Mbps = = 28.22s

1.5 x 10°



Audio- Synthesized audio

Synthesized audio is often used in multimedia
applications since

(i) The amount of memory required can be 2 to 3
orders of magnitude less than that required to
store the equivalent digitized waveform version,

(ii) It is much easier to edit synthesized audio and to
mix several passages together.
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Audio- Synthesized audio

Audio/sound synthesizer schematic

Audio/sound synthesizer
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Audio- Synthesized audio

e The computer takes input commands from the keyboard
and outputs these to the sound generators, which, in
turn, produce the corresponding sound wave forms to

drive the speakers.

e A standardized set of messages have been defined for
both input and for output to the corresponding set of

sound generators.
e These are defined in a standard called Music
Instrument Digital Interface (MIDI).
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> Entertainment

» Interpersonal

> Interactive

The quality of the video required varies considerably from
one type of application to another.
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Broadcast Television

Basic Principles of Color TV

» Color Mixing-R G B
» The Screen of picture tube coated with 3 different
phosphor.

NTSC-National Television Standards Committee
» Resolution-525 Refresh rate 60 frames per second

PAL-Phase Alternate Line

SECAM-Sequential Color and Memory

CCIR - International Radio Consultative Committee

» Resolution-625 Refresh rate 50 frames per second
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Broadcast Television

Interlaced scanning:

» Each frame is divided into 2 fields.
» One comprises the odd scan lines and one comprises the
even scan lines.

» They are transmitted one by one and integrated together to
form a complete frame in the television receiver.

T~
R Fild | . |Field2
N a";;:*--_, |Cdd scan lines) "'*--.L_‘_____ [Even scan lines)

---r--*..ll-h

i__

525ine systems : 262.5 each field, 240 visible
&2 5ine sysiems : 312.5 each field, 288 visible



Broadcast Television
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Broadcast Television

Color Signals

» Brightness
» Hue

> Saturation
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Broadcast Television

Color Signals

» Luminance—Brightness
» Chrominance— Hue and Saturation

0.299R+0.587G+0.114B--------- >White
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Broadcast Television

Color Signals

» Luminance—Brightness
Ys = 0.299Rs+0.587Gs+0.114Bs

» Chrominance— Hue and Saturation
Cb=Bs-Ys and C-r=Rs-Ys
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Broadcast Television

Color Signals
» 1 luminance and 2 chrominance components are
used to describe the color of each pixel.

e PAL system:
Y =029099R + 0387 G+ 0.114 B
U=0.493 (B-Y)
V =0.877 (R-Y)

e NTS5C system:
Y =02909R + 0587 G+0.114 B
I = 074 (R-Y) - 027 (B-Y)
Q=048 (R-Y)+ 041 (B-Y)
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Broadcast Television Signal Bandwidth

Baseband spectrum of color television signals: NTSC system
(a)

luminance Color subcarrier Main sound
carrier luminance [3.570545MHz| subcarrier
A ’/ A A
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Broadcast Television Signal Bandwidth

Baseband spectrum of color television signals: PAL system

(b)
luminance Color subcarrier Main sound
carrier luminance (4.333619MHz| subcarrier
A / A A
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Digital Video

>

>

These are intended for use with standard television
receivers.

The 3 component signals are usually digitized
separately prior to their transmission.

The International Telecommunications Union -
Radio communications Branch (ITU-R) - formerly
known as Consultative Committee for International
Radio communications (CCIR) - defined a standard
for the digitization of video pictures known as
Recommendation CCIR-601.
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Digital Video

4:2:2 format

» Original digitization format used in Recommendation
CCIR-601 for use in television studios.

» Line sampling rate: 13.5MHz for luminance and
6.75MHz for chrominance signals.

» The number of bits per sample is 8 for all 3 signals.
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Digital Video 4:2:2 format

12345 M Horizontal pixels
Vertical line/ pixel 1 [ ER] T
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O=Y, +=C, X=C sample positions

5251ine systems: M = 720, N = 480, 60Hz refresh rate (inferlaced)
Y=/720x480, C = C =360 x 480

r

625 ine systems: M =720, N = 576, 50Hz refresh rate (interlaced)
Y=720x576, G =C =360x5/76



Digital Video

4:2:0 format

» Used in digital video broadcast applications.

» Interlaced scanning is used

» Absence of chrominance samples in alternative
lines is the origin of the term 4:2:0
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Digital Video 4:2:0 format

12345 M Horizonial pixels

Vertical line/pixel 1 BE_Jo0_JoM
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O=Y, +=C, X=C sample positions

5251ine systems: M = 720, N = 480, 60Hz refresh rate (interlaced)
Y=/720x480, ¢, =C =360 x 240

6251ine systems: M =720, N = 576, 50Hz refresh rate (interlaced)
Y=/720x 576, Cb = Cr = 360 x 288



Digital Video

HDTV Formats
» 4/3 Aspect ratio--->1440 x 1152
16/9 Aspect ratio --->1920 x 1152

No. of Visible lines-1080
4:2:2 format-Studio Applications—50/60 Hz Frame refresh Rate

U DV Vv

4:2:0 format — Broad cast Application-25/30 Hz Frame refresh
Rate
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Digital Video

SIF (Source Intermediate Format)

Give a picture quality comparable with that obtained with VCRs

Vertical line/pixel

123456/ --—-—-----"--"--"-"""--"-"------ M Horizontal pixe|5

-

P

O=Y,+=C, X=C sample positions

SIF: 525dine systems: M =720, N = 480 with 30Hz refresh rafe [non-interlaced)
Y=360x240,C,=C =180x 120

62 5ine systems: M = 720, N = 576 with 25Hz refresh rate (non-inferlaced)
Y=360x288,C =C =180x 144

CIF: M =720, N = 576 with 30Hz refresh rate [non-interlaced)
Y =360 x 288, Cb= Cr= 180 x 144



Digital Video

CIF (Common Intermediate Format)

» Used in videoconferencing applications

» 4:1:1 digitization format

» Spatial resolution: Y=360x288, Cb=Cr=180x144

» Temporal resolution 30Hz using progressive scanning

> Derivatives of CIF: 4CIF & 16CIF
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Digital Video

QCIF (Quarter Common Intermediate Format)
» For video telephony applications.

1 .3 5 7 _ @ 11 .13
2 4 6 8 10 12 ------------ M Horizontal pixels

-

Vertical line/pixel

—m = LA D — O N 00 ] O L s LD D —

O=Y +=C, X=C sample positions
M =720, N =576 with 15Hz or 7.5Hz refresh rate [noninterlaced)
V=180x144 C =C =90 x7/2

Z---




Digital Video

PC video
Digitization | System | Spatial resolution | Temporal
format resolution
4:2:0 525-line Y= 640x480 60Hz
C,=C= 320x240
625-line Y=T68x576 50Hz
C,=C= 384x288
SIF 525-line Y= 320x240 30Hz
C,=C= 160x240
625-line Y= 384Xx288 25Hz
C,=C=192x144
CIF Y= 384x288 30Hz
C,=C=192x144
QCIF Y=192x144 |15/7.5Hz
C,=C= 96x72
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