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Module-1
Multimedia Communications:

> Introduction
» Multimedia information representation

» Multimedia networks
O Telephone Networks
( Data Networks
[ Broadcast Television Networks
O Integrated Service Digital Network

[ Broadcast Multiservice Networks
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Module-1

» Multimedia applications

O Interpersonal Communication
O Interactive Application Over the internet
O Entertainment Applications

» Application and networking terminology

O Media Types

O Communication Modes
O Network Types

O Multipoint Conferencing
O Network QoS

O Application Qos
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1. Introduction

Unformatted text, —
Formatted text

Computer-generated,
Pictures

Speech, Music

Video clips, Movies
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1.1 Introduction

Person to Person Communication
Terminal Equipment

Person to System Communication
PC
Server
Set-Top-Box (STB)
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1.1 Introduction

PSTN Networks

Data Networks
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1.2 Multimedia Information Representation

Text
Character -> Bit----- Codeword

111111
[ ] ] 101101
111111
[ ] [ ] 101101
T[] 1000601
111111

Image
Picture elements ->Fixed Number of Bits
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1. 2 Multimedia Information Representation

Audio and Video
Analog Signal

Digital
AD Conversion —l_l—l_l—
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1.2 Multimedia Information Representation

* Digital Representation
 Measured in bit per second (bps)
* Compression
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1.3 Multimedia Networks

1. Telephone Networks

2. Data Networks

3. Broadcast Television Networks

4. Integrated Service Digital Network
5

. Broadcast Multiservice Networks
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1.3.1 Telephone Networks

a.

Network Components

Mational PSTRs
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telephone netwark
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1.3.1 Telephone Networks

b. Digital Transmission Using Modems

Digital sreams

.'!-n-:ll:g accass circuits

Y L
Digital g , | Medam = Digital
device | " T e device
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1.3.1 Telephone Networks

C. Multiple Services via an H-S modem

Analog access
circuit
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1.3 Multimedia Networks

1. Telephone Networks

2. Data Networks

3. Broadcast Television Networks

4. Integrated Service Digital Network
5

. Broadcast Multiservice Networks
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1.3.2 Data Networks

» Designed to provide basic data communication--email and
general file transfer,

> X.25 network and the Internet

» The Internet is made up of a vast collection of interconnected

networks all of which operate using the same set of
communication protocols.

» Communication protocol

Agreed set of rules that are adhered to by all communication
parties for the exchange of information.

Defines

(i) the sequence of messages for the exchange of information and
(ii) the syntax of these messages.

Dept.of ECE, ATMECE



1.3.2 Data Networks Selection of the network types connected to the internet

Internet service
provider (ISP] network

I

Small business

local area network
integrated services digital network

LAN
ISDN
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1.3.2 Data Networks Selection of the network types connected to the internet

— I Desktop PC/workstation

Site/campus
LAN

Server computer
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1.3.2 Data Networks Selection of the network types connected to the internet

Enterprise—wide private network/ intranet

Deskiop PC

or workstation

Server computer

| G/W.
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1.3.2 Data Networks Selection of the network types connected to the internet
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1.3.2 Data Networks

» All data networks operate in packet mode.

» A packet is a container for a block of data and the
information for routing the packet to the destination
through the network.

» This mode is used because the format of the data
associated with data applications is normally in the
form of discrete blocks of text or binary data with
varying time intervals between each block.
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1.3.3 Broadcast Television Networks

» Support the diffusion of analog television (and radio)
programs throughout wide geographical areas.

» Broadcast media include
» Cable distribution network : for a town or city

» Satellite network / Terrestrial broadcast network : for
larger areas
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1.3.3 Broadcast Television Networks

Cable Network

T &

| Cable
head-end

Cable
distribution
network
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1.3.3 Broadcast Television Networks

Satellite network / Terrestrial broadcast network

(b)

Satellite (or terrestrial)
broadcast network

Program
source

STB = settop box with integral modem
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1.3.4 Integrated Service Digital Network

» Designed to provide PSTN users with the capability of having
additional service

» This was achieved by

(i) Converting the access circuits that connect user equipment to the
network into an all-digital form

(ii) Providing 2 separate communication channels over these circuits.
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1.3.4 Integrated Service Digital Network

Alternative Service Provided by ISDN

Digital subscriber line
DS

1

p X 64kbps
switched channel

Integrated services
digital network
{ISDN)

Single 1.5/2.0 Mbps channel
[primary rate access)

Single 64kbps
switched channel

|

Conventional analog phone

= network termination equipment
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Aggregation electronics

Single 128 kbps

switched channel
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/ Two independent
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1.3.5 Broadband multiservice networks

» To support a wide range of multimedia communication
applications.

» "Broadband" --it can support a bit rate higher than an ISDN
can support (>2Mbps).

» This type of network is also known as broadband ISDN
(B-ISDN)

» Switching and transmission methods that are used in these
networks are more flexible as they are designed to support
multiple services.
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1.3.5 Broadband multiservice networks

» All media types are converted into digital form and integrated
together, and the resulting stream is divided into fixed-sized
packets known as cells.

» Different multimedia applications generate cell streams of
different rates and hence the rate of transfer of cells through
the network varies.

» This mode of transmission is known as asynchronous transfer
mode (ATM)
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1.3.5 Broadband multiservice networks

Example of an ATM broad band multiservice Network

High-speed
LA~

High-speed
LA [~

ATM = asynchronous transfer mede LAMN = local area netwark
MAMN = metropolitan area netaork
MV = interewerking vt



1.4 Multimedia Applications

1. Interpersonal Applications
2. Interactive Applications Over the Internet

3. Entertainment Applications
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1.4 .1 Interpersonal Applications

1. Speech only

2. Image Only

3. Text only

4. Text and Images
5. Speech and Video
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Speech Only Interpersonal Communication

Public and Private Switched Telephone Network

Analog or digital
access circuits

s

PSTN or ISDIN

V-

g “ VOiC.?- Audio
mai :
bridge |~ _
_________ . server seges 00

{ Cellular
phone network

Private site~wide
telephone network

Audio E V':';:T
bridge :
: server

o s ~xhb EBXE @ T
————— e LD S XS
o S (e
P ,/ \\ —~=
» -
o |
= | |= =
PSTN = Public switched telephone network ISDN = Integrated services digital networrk

PBX = Private branch exchange
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Speech Only Interpersonal Communication

Telephony Over The Internet

Site/campus LAN

Packet
G/W

Telephony
G/W

Packetmode

G/W = gateway

Global Internet

T ——
Packet
G/W

Telephony
G/W

Packet-mode

Internet service provider

(ISP) network

PSTN/ISDN

-

&3
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Image only Interpersonal Communication

Facsimile (fax) Example

PSTN or ISDN
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Text only Electronic Mail ( Email)

Email Transfer Example

(a)

Enterprise-wide private network/infranet

1 1
1 1
-

Global Internet

Access via either a PSTN
(with modems) or an ISDN

Ny
~

Internet service provider (ISP} network Site/campus LAN

Small business

G/W = gateway
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Text only Electronic Mail ( Email)

Example Email Message Format

From: Nome and address of sender
To: Name and address of recipient
Cc: list of other recipients (optional)
Subject: Title of mail [optional)
Date: Day, date and fime mail sent

-

e

<

Body, possibly with a file attachment

J

Dept.of ECE, ATMECE

Contral: Bin, Reply, Forward, Send etc.

Header fields

Bedy/Message content




Text and Image

Computer Supported Cooperative Working (CSCW)

Change ! Shared whiteboard
nc:dlhouhnn u:ﬂrol program

Enterprisewide private network,
/ LAN or the Internet

Shared whiteboard /workspace
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1.4 .1 Interpersonal Applications

1. Speech only

2. Image Only

3. Text only

4. Text and Images
5. Speech and Video
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Speech Video Interpersonal Communications

Two Party video telephone call

PSTN/ISDIMN/Internet /LAN / enterprise network

Multimedia PC /workstation
with video camera,
microphone and speakers

Twoway simultaneous integrated
speech-andvideo information stream
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Speech Video Interpersonal Communications

Videoconferencing Using MCU

PSTN/ISDN/enterprise network

el »  Multipoint .-
control
"""""" unit (MCU)

-

Twoway simultaneous integrated
speech-andvideo information streams
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Speech Video Interpersonal Communications

Videoconferencing Using Broadcast Network

LAMN /Internet

Tworway simultanecus integrated
speech-andvideo information streams
to/from all parties
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Speech Video Interpersonal Communications

Remote Lecture

ISDN/broadband network

Speech, video
and image

____________ _}.

L R

Speech only or

speech-andvideo

Videoconlerencing
studio
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Speech Video Interpersonal Communications

Multiparty (Group) Videoconferencing

ISDM/broodband network/”
dedicaled circull network
Videoconlerencing
shudio
Videoconloroncing
hudio Videoconlerencing
shudic

V5 = Videoconkerencing sysiem
MCL = Mulipaoint control unit
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Multimedia Electronic Mail Structure

- ——— —

Mail header E

L.

Hi Tom
If wour mulimedia mail is working now just click on the following:

s e Speech part

E > Sent initiclhy

PEEEREE il i Image part !

Bk GBI L L EEEELE Video part -

E ' E Otherwise the lext version is in the attached file. E

i : E Regards :

v+ 1| Fred 5

: -+~ I WL » Speech sequence !

" S e e PP T »  Image/piciure > Sent on request

N ————a - Video clip E
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1.4.2 Interactive Applications Over the Internet

Interactions with a World Wide Web server

PCs /workstations
with browser

software

<

Internet 3

\

7

World Wide
Web servers

Mulfimedia information servers [some with transaction capabilifies)
connected to a site LAN. an intranet, or an ISP network
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1.4.2 Interactive Applications Over the Internet

hypertext linkages between the pages of a set of documents

Home poge
MNavigafion toolse Mavigation toolset
——<®— * &—
| — B
—" —— {C?:;‘
[ |
— Mavigafion toclset
Hyperlinks Mavigation toolset - om
-
 I——
3

B - lext sting containing peiterrceesnuece locator [URL)




1.4.3 Entertainment Applications

» Movie/Video on Demand

> Interactive Television
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1.4.3 Entertainment Applications

Interactions with a video server

Networking Schematic

Setop box with
PSTN/cable access network integral high bit

rate modem

low bit rate
inferaction channel

Movie/video
database 3

L0l

Hi?h bit rate channel
or video stream
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1.4.3 Entertainment Applications

Interactions with a video server

Movie/Video on Demand

SUbSC“bers l m Movie C_ BS8%
4 b ///// Movie A m
3t m Mov leB \\\\\\\\\N
: 4 4 S -

1(A)  2(A)  3(B) 4(A)

S[C) =-enees »  Subscriber [requests)
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1.4.3 Entertainment Applications

Interactions with a video server

Near Movie-on-Demand.

N-MOD
Subscriber
7 8

6
3,4

1,2

A

. ////// Movie A%

- IN Movie B W

. |W Movie A W |

N N Y Y S -
1A} 2(A]  3(B)| 4(A) 3(C) ----- > Subscriber [requests)

Playout intervals
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1.4.3 Entertainment Applications

Interactive television
Cable Distribution Network

Cable head-end Cable
Telephony

distribution network
call center ‘ %
@ ‘Qi : __/’_/: 5;@‘.

The

Internet

Server
compuier
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1.4.3 Entertainment Applications

Interactive television

Satellite/Terrestrial Broadcast Network
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1.5 Application & Networkin

Multimedio terminology

Communication modes Media hypes

Simplex  Holfduplex Duplex Broadcasi Continuous Block-mode
and
I I I I"lll'li.llﬁCI:IEI ﬁ
I I Coanstant Variable
bit rate bit role

5':.n1'|1m:iii: .f'-.aﬁ_,.rrnmc’rr'u:
|
Communication channels

Synchronous Asynchronous
Constant bit rate Variable bit rae

Circuitswitched networks Packet switched netaarks
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1.5 Application & Networking Terminology

Communication Modes: Unicast

Communications channel

v
Simplex: @ = @

Half-duplex: o l Time

Duplex: A - B
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1.5 Application & Networking Terminology

Communication Modes: Broadcast

Broadcast: | A

SNCORONC)
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1.5 Application & Networking Terminology

Communication Modes: Multicast

B DandF are
D | —— members of the same

| mulficast group

-~
Mulficast: [ A
L
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Network Types: Circuit Mode

Circuit through the network
set up using the unique

number/address of A and B

Circuitswitched
network

Bit rate of the connection determined by
the bit rate of the access circuits

O = subscriber TE'rmil'lll‘ll,'"rCDlﬂFrl.JTEF ‘ = swi’rching G{'Ficefexchunge
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PSE ] I CuT

CO packetswitching routing table: VCIT/Link] —= VCI2/Link2

- natwork VCI2/link2 — VCI1 /Link]

PSEZ
routing table: VCI2/Link] — VCI3/Link3

VCI3/Link3 —= VCI2 /Link]

PSES
routing table: VCI3/link] — VCI4/link2

VCI4/link2 — VCI3/Link |

call request packet

kx L L- :‘T"‘I L source Ca” accepted packei destinaction
S \ _,j terminal/ terminal/
- “ computer computer
I
: . : T call clear packet
CO = conneclion-oriented VCI = virtual circuit identifier
—-- = virtual circuit PSE = packetswitching exchange
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Cl packetswitching
network

Cl = connectionless Djj = pc::cker

A B = full network-wide addresses t
‘ ‘ information content
source address

destination address
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Network Types

b)

(a)

A Pk N oul ( |;,$'~T hing
CO w;bhwn_hng roufing joble: W “/‘“r'“ oW |.’/lm&’)

.Hi )
-— VCI2/link2 ~e VCI1 /link]

' ¥4

roufing lable: YCI2/link] e VCI3/link3
VCI3/link3 —e VCI2/link!

. Pt

ol B rouling lablo: VCI3/link] e VCI4/link?

VCIA/link2 —= VCI3/link!

{18 X.25, ATM Internet
£l = conneclionioss 1 = packe
’\l B=hd u.!?m_clwuju addresses [ZJTL_; . l A

CO » connecionosonled VCI = vithol circwit ideniifics source addbess
= e A S 4 oyt a 3 L
--- = virkal circud PSE = packetswitching exchange | destinalion oddress

» Best-effort service
» Mean packet transfer delay
» Delay variation or jitter
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1.5 Application & Networkin

Multipoint conferencing

It's implemented in one of the 2 ways:
> Centralized and

> Decentralized
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1.5 Application & Networkin

Multipoint conferencing: Centralized

Conference
server

Circuitswitched network
(PSTN/ISDN)
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Packet-switched network
supporting mulﬂcmsﬁﬂg

(LAN/Internet/ Intranet)

Dept.of ECE, ATMECE



..||

Conference
server

Circuitswitched Packetswitched network
network with multicasfing
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1.

5 Application & Networking Terminolog

Network Quality of Service (QoS)

Circuit-switched network

ne bit rate
ne mean bit error rate

ne transmission delay
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1.5 Application & Networking

Terminolog)y

Network Quality of Service (QoS)
Circuit-switched network

o If the probability of BER is P and number of bits in
a block is N, then assuming random errors, the
probability of a block containing a bit error PB is
given by:

Ps= 1- (1-P)N
which is approx NXP (if N XP<1)
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1.5 Application & Networking Terminology

Network Quality of Service (QoS)
Circuit-switched network

Derive the maximum block size that should be used over a channel
which has a mean BER probability of 10~* if the probability of a block
containing an error —and hence being discarded —is to be 107

Answer:
b=l L
Hence 0.1=1-(1-10%" and N=950 bits
Alternatively, P, = NX P
Hence 0.1 =Nx 10" and N= 1000 bits
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1.5 Application & Networking Terminolog

Network Quality of Service (QoS)
Circuit-switched network
* Unreliable service (best-effort service)
* Reliable service
* Transmission delay
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1.5 Application & Networking Terminology
Network Quality of Service (QoS)

Determine the propagation delay associated with the following commu-
nication channels:

(1) a connection through a private telephone network of 1 km,

(11) a connection through a PSTN of 200 km,

(111) a connection over a satellite channel of 50 000 km.

Assume that the velocity of propagation of a signal in the case of (1) and
(ii) is 2 < 108 ms™! and in the case of (iii) 3 x 10% ms™L.

Answer:

Propagation delay Tp = physical separation /velocity of propagation

: 102 - L
(1) P e il
o 20100 o o

(11) Tp— 9% 10° =10 "s
B> 107 =
(ii1) Tp— 3X108—1.67><10 S
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1.5 Application & Networking

Terminolog)
Network Quality of Service (QoS)
Packet-switched network

The QoS parameters associated with a packet- switched
network include:

The maximum packet size
ne mean packet transfer rate
ne mean packer error rate

ne mean packet transfer delay
ne worst-case jitter

- 4 4 4 -

ne transmission delay (Tp = distance/speed)
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- Depending ontypes of application, the QoS parameters

1.5 Application & Networking

Application QoS

Include:

o T
o T
o T
o T

nerequired bit rate or mean packet transfer rate
e maximum startupdelay

e maximum end-to-enddelay

nemaximum delay variation/jitter

o

e maximum round-tripdelay

Dept.of ECE, ATMECE
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(a)

(b)

A Constant bit rate Mean pocket
input stream trarnister delay

Receivea X
packet stream

Packetized
input stream

Number of bits
input/output

Constant bit
rale cutput
strecm

» [me

Z Z
—>|Fp<—TN—> Iy Iﬂ—

pocketization delay

mean network pocket transfer delay

transmission delay + mean storeondforward delay
ouffering delay ot destination (o overcome worstcase fitter]
total inputtocutput celay

h+Ty+Ty

Jitter = variation in storeandHforward delay cbout the mean

’fﬂ 'ON

&

—
-

Firstin, firstout [FIFO) buffer

Input from network
P — — Qulput ¢t a constant bit rale

ot a variable bit rate

A

Effect of early arrival <4 Effect of late arival

Defined level
before output storls
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1.5 Application & Networkin

A packet-switched network with a worst-case jitter of 10 ms is to be used
for a number of applications each of which involve a constant bit rate
information stream. Determine the minimum amount of memory that is
required at the destination and a suitable packet size for each of the fol-
lowing input bit rates. It can be assumed that the mean packet transfer
rate of the network exceeds the equivalent input bit rate in each case.

(i) 64kbps
(ii) 256 kbps
(ii1) 1.5 Mbps.
Answer:

(1) At 64kbps, 10 ms=640 bits
Hence choose a packet size of, say, 800 bits with a FIFO buffer of
1600 bits — 2 packets — and start playout of the bitstream after the
first packet has been received.

(ii) At 256 Kkbps, 10 ms=2560 bits
Hence choose a packet size of, say, 2800 bits with a FIFO buffer of
4800 bits.

(iii) At 1.5Mbps, 10ms= 15000 bits
Hence choose a packet size of, say, 16000 bits with a FIFO buffer of
32000 bits.

Notice that if the computed packet size exceeds the network maximum
packet size, then the equivalent number of packets must be sent before
playout starts. For example, if the maximum network packet size was
8000 bits, then for case (iil) above playout would not start until two pack-
ets have been received and the FIFO buffer should hold four packets.

Dept.of ECE, ATMECE
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SUMMARY

» The different types of media that are used nmultimedia
applications

» The different types of communication networks that
are usedto support these applications

» A selection of the different types of application
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