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Introduction to Multimedia

Aln networks, the data transferred can be of any of the following forms.

A Text
A Formatted text (electronic documents etc.)
A Unformatted text ( emait plain text without any font specifications)
Almages
A Computer generated imageshapes (line/circletc)
A Digitized images of documents
A Pictures
A Audio
A Low fidelity (Speechtelephony)
A High fidelity Gteoreophonienusic)
AVideo

A Short sequence of moving images (video clipdvertisements)
A Complete movies ( films)



Applications

APerson to person communicationsing TerminaEquipments

APerson to computer communication

APerson-a MM PCand Computec, serverwith files (holding single MM type
or Integrated MM)

APersorg a set top boxconnected to a TV can communicate WiV servers

Applications that initially supportednly one type of the MMnow with
advanced H/W and S/W supports Integrated MM.

Aemail supportedonly text initially now can be sent with any type of media
attached

ATelephone servicesupported usingnly speechearlier but now allows all
MM Types.



Multimedia Information Representation

AText and Images
Arepresented using blocks dfgital data
AText rep with codewordsg fixed number of bits
Almages picture elements; everypixel is rep using a fixed number of bits
ATransaction duratioi less

Audio and Video

Arepresented asnalogsignals that vary continuously with time

ATelephonic conversations may take minutes and movie downloads may take
hours

AWhen they areonly type, they take their basic forranalog
AWhenintegrated with other types they need to be converted tdigital form.



Multimedia Information Representation

ASpeech signa] typical data rate is 64kbps
AMusic and Videgq higher bit rates are required
AHuge bit rates cannot be supported by all networks

ACompression is the technique applied to the digitized signals to
reduce the time delay for a request / response.



Multimedia Networks

AFive basic types of Communication Networks

ATelephone Networks

AData Networks

ABroadcast Television Networks
Alntegrated Services Digital Network

ABroadband Multiservice Networks



Telephone Networks

APOTSPlain Old Telephone System
Alnitially calls were done within a country

A Extended to International calls

A Explanation of the figure in next slide
A PBX¢ Private Branch Exchange
A LE- Local Exchange
A IGE- International Gateway Exchange
A GMSQ; Gateway Mobile Switching Centre
A PSTNPublic Switched Telephone Networks



Telephone Networks

Figure 1.1 Telephone networks: (a) network components; (h)
digital transmission using modems; (c) multiple services via an

H-S modem.
(a) Radio access Analog access  Home/small National PSTNs
circute business
B |
Cellular phone Digital interconnection
network circuits

Private site-wide
telephone network

<«——— Analog access circuit

PSTN = public switched telephone network LE

GMSC = gateway mobile switching center . PBX
IGE = international aoTe\va Mgrﬂﬁjc@nl Vineeth

local exchange/end office
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Telephone Networks "

aevice

AMicrophone is used to convert speechanalogsignal

ATelephone earlier used to work in circuit mogla separate call is set
up and resources are reserved through out the network during the
duration of the call.

AHandsets were designed to carry two wanalogsignals to PBX.
ADigital mode is seen within a PSTN.
AMODEM was a significant device used.



AE_?rlietr Modems worked at spee800bps but now they operate at higher
it rates.

AS%kbpsc sufficient for text, image as well as speech and low resolution
videos

ADigital Signal Processing techniques has helped communication in many
ways.

ATwo channels are used with high speed moderse in which speech is
sent for telephony and the other is a high bit rate one which can carry high
resolution videos and audio



DATA NETWORKS

ADesigned for basic data communication servic&snail and file transfers.
AUE PC/Computer/Workstation

ATwo widely deployed network¥X.25 and Internet

AX.25 low bit ratecunsuitable for MM

Alnternet- coll of interconnnetworks operate using the same set of
communication proto

ACommprotocot set of rules agreed by the comm. Parties for exchange of
Infor-this includes syntax of messages.

AOpen System Interconnectiohirespective of the type or manufacturer, all
systems in Internet they communicate



Data networks

X.25 NETWORK

Figure 1.2 A selection of the network types connected to the
Internet.
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Data Networks

A Home/Small Offices connect to Internet via Internet Service Provider thro a PSTN via modem or ISDN.

A tShitell tCam|?us Networksingle site/Multiple sites through aenterprisewide private netwolk connect to
e Interne

A EWPN; ex. College / University campus

A \éVhleP the?e networks use the same set of protocols for internal services used by Internet, they are said to
e Intranets.

A All the above type of networks connect Internet Backbone Networlkiia a gateway (router)
A Data networks operate ipacket mode

A Packet container for datac has bothhead and bodyHead contains the control information like the
destination address

A MM PCwere introduced which supportslicrophones and Speakesound card and a supporting software
to digitize the speech.

A Introduction of camerawith its supporting H/W and S/W introducaddeo.
A The data networks hendaitiated the MC applications



Broadcast Television N/W

ADesigned to support the diffusion ahalogtelevisionto geographically
wide areas.

AForcity/town - the bxmedium is acable distribution network for larger
areasc a satellite network or a terrestrial broadcast network.

ADigital services started witHome shopping and Game playing

AThe STB in case of cable network, help for control of television channels
(low bit rate) that are received and the cable model in STB give access to
other services where laigh bit rate channels used to connect the
subscriber back to the cable headd.

At KSasS It azindedddbiialdeiSarE- whefe ad interaction
channel helps the subscriber to demand his/her interests.



Figure 1.3 Broadcast television netwaorks: (3a) cahle networks:
(h) satellite/terrestrial broadcast networks.

(b)

Satedde [or enewid)
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Integrated Services Digital Network

A Integration of services with PSTN
A Conversion ofelephone Networks into all digital form

A Two separate communication channetssupportingtwo telephonic calls simultaneouslyone
telephone call and the other data call

A These circuits are termddigital Subscriber line@DSL)

A UE can be eithein analogor a digital phone

A Digital phone all required conversion circuitry seen in handset

A Analog phoneall required conversion circuitry was seen in the network terminal equipment.

A {_Basic Rate Accegswo 64kbps per channedeither independent or combined as one 128kbps
ine.

A This definitely requiresvo separate circuitry setugo support two different calls.

A The synchronization of thivo channels into a single 128kbpequires a additional box to do
the aggregation function

A Primary rate Access 1.5 or 2 Mbps data rate channel
A Service provided has now extended to p X 64kbps where p =1..30.
A Supports MM applications with an increased cost compared to PSTN.



Figure 1.4 Alternative services provided by an ISDN.
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Broadband Multiservice Networks

A Broadband Bit rates inexcess of the max 2 Mbps30 X 64 kbps given by ISDN.

A These areenhanced ISDMnd hence terme®roadbandISDN(B-ISDN) with thesimple ISDN
termed asNarrowbandor N-ISDN.

A Initial type did not support video. Current ones do with the intro to compression tech.

A As the other three types of networks also startbwing improvements with the introduction to
compression techniguedyroadband slowed down.

A Multi Service Multiple servicesDifferent rates were required for different services, hence
flexibility was introduced. Every media type was first converted to digital form and then integrated
together. This is further divided into equal siz=dls.

A Uniform sizehelped in better switching.

A As different MM requires different ratesthe rate of transfer of cells also vary and hence termed
Asynchronous transfer modes.

A ATM Networks or Cell switching Networks.

A ﬁXM LANSssingle site, ATM MANshigh speed back bone network to inter connect a number of
S

A These can also communicate with other types of LANs



Figure 1.5 Example of an ATM broadband multiservice network.

ATM = asynchronous transfer mode LAN = local area network

MAN = metropolitan area network
IWU = interworking unit
Dr. Nandhini Vineeth
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URLSs explaining in depth working

ATelevision Broadcashttps://www.youtube.com/watch?v=bvSDQmo
Wbk

ASatellite T\thttps://www.youtube.com/watch?v=0pkatlgkLO8



Multimedia Applications

AThe applications fall under three categories:
A Interpersonal communication
A Interactive applications over the internet
A Entertainment applications

A Interpersonal communication

A Involves all four MM types

A May in single form or combined form

A Speech only
A Telephones connected to PBX or a PSTN/ISBINHametworks
A Computers can also be used to make calls
A Computer telephony Integratiorequires a telephone interface card and associated software.
A Advc Phone Directorycan be saved and dialling a number is easily done with a click
A Telephony can be integrated with network services provided by the PC
A Additional servicesvoice mail and teleconferencing
A Voice maik in the absence of called party, a message is left for them which is stored in a central serve
Which can be read the next time the party contacts the server.
A Teleconferencingconference cai requiresianiaudio bridgeto setup aconfcall automatically



Figure 1.6 Speech-only interpersonal communications: public
and private switched telephone networks.
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Telephony

Alnternet alsosupport telephony.

Alnitially _onIIy PC TO PC Telephowas the only one supported. Later they were
able to include telephones in these networks.

AHerevoice signal was converted to packetfid hence necessary Hardware and
softwareswere required

ATelephone over internet is collect packet voicé/oice over IP (VolIP).

AWhen a PC is to call a telephone, a request is senTtephony Gatewayvith
IP address of the called pali§¢P).T his obtains the phone number of thé called
party from source PC. gession calis established by this TG to the TG nearest to
CP using internet address of the gateway, This %atewaKl initiates a call set. ucB
LINE OSRdzNBE U2 UKS NBOSACSNIXaAa LIKZ2Y S

AWhen the CP answers, reverse communication happens
AA similar procedure for the closing of the call



Figure 1.7 Telephony over the Internet.
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Image only

A Exchange of electronic images of documeqt&csimile / fax

A To send images, call set ugs made as in telephone call

A Two fax machine communicate éstablish operational parameters

A Sending machine starts szan and digitize each page of the documémturn.

A An internal modem transmitghe digitized image is simultaneously transmitted over the network
and is received at thealled site a printed version of the image produced.

A After the last page is receivedpnnection is clearedby the calling machine

A PC faxelectronic version of document stored in a P€an be send. This requiragelephone
mterfgge cardand an associated software. Tather sideof communication can Bax machine
or a

A With aLAN interface carénd associated softwarelgitized documentsan be sent over other
network types likeenterprise networks.

A This is mainly useful for sending pajbesed documents such assoices, marks cardand so on.



Figure 1.8 Image-only interpersonal communications: facsimile
(fax) examples.

PSTN or ISDN

Dr. Nandhini Vineeth

26



Text Only

AEmail: Home/Enterprise Ny ISR>receiver
AEmail server , mailbox
AUsers can create and deposit / read mails into the mailbox.

AEmail servers and Internet gateways work on the standard internet
communication protocols.

AMessage formatSource and destinatiogname and address
Acc- carbon copy
ACan contain only text



Figure 1.9 Text-only electronic mail: (a) email transfer
examples; (b) example email message format.
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Text and Images

AAnN application showing this integration@®mputer supported
cooperative working (CSCW).

AA window on each PC ishared workspaceaid to be shared
whiteboard.

The software associated with this isvaiteboard programwith a linked set
of support programs.

Shatreclj whiteboard has two componenhange notification and Update
control.

Change notification gives aipdate to the shared whiteboard program
whenever there is a modification done by the user.

This relays the changes to thedate-control in each of the other P@nd in
turn proceeds to update the contents of their copy of the whiteboard.



Figure 1.10 Text-and-image computer-supported cooperative
working (CSCW).
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Speech and Video

A Video Telephony Video camera in addition to microphonetiserd
A A dedicated terminal / MM PC can be used for communication
A An entire display / window in PC is used.

A A two-way communication channel must be provided by the network with sufficient bandwidth to
support this integrated environment.

A Desktop video conferencing cadl used in large corporations
A Bandwidth used is more
A Multipoint Control Unit/Videoconferencing serveiis used (BWreduced)

A Integrated speech and video is sent from each participant realgt@d which selects a single
Information stream to send to each participant.

A Whenit detects a participant speakingt sends that stream to all other participantsOnly a
single two waycommchannel between each location and the MCU is required.

A Internet supportsmulticasting one PC to a predefined group of PCs. MCUs were not used here.
Here number of participants will be limited



Figure 1.11 Speech-and-video interpersonal communications:
(a) two-party video telephone call; (b) videoconferencing using
an MCU; (c) videoconferencing using a broadcast network.
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Speech and Videtnterpersonal
communication

AEnvironments :when more number of participantsre involved at
one or more locations

AOne person may communicate with a group at another location

AEx.Live lecture
A Lecturer may share notes/ presentation
A Students may only talk or may send video along with speech
A If the students are asame location it may be like a video phone call (
A 1IIT-B Live lecture sessions

A When the students are atifferent locations either aseparate communication channel
IS requiredto each remote siteorana/ | A a dzaSR |40 f SOUdzNBENXa

A Relative high BW is required and hence ISDN or Broadband multiservice n/w suit



Speech and Videtnterpersonal
communication

AGroup of people at different location Bxdeo conferencing

ASpecially equipped room call&tideo conferencing Studios (V&)e used

A Studios may havene or more cameras, microphones(audio equipment), large
screen displays

A Multiple locations when involve@&n MCU is used to minimize the BW demarmis
the access circuits

A MCUis a central facility within the network and hence only a single two way
communication channel is required. Example : Telecommunication provider
conference

A In Private networks MCU is located at one of the sites where toenm
requirements are more demanding as it must support multiple input channels, and
an output stream to broadcast to all sites



Figure 1.12 Speech-and-video interpersonal communications:
(a) remote lecture; (b) multiparty (group) videoconferencing.
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Multimedia

AThree different types of electronic mail other than text only

A Voice mail
A Voice mail server is associated with each network.
A User enters a voice message addressed to a recipient
A Local voice mail server relays this to the voice server of the intended recipient network.
A When the recipient logs in to the mailbox next, the message is played out

A Video mailalso works the same waybut with video and speech

A Multimedia Mail
A Combination of all four media types
A MIME ¢ Multimedia Internet Mail Extensions

A In case of speech and video, annotations can be sent either directly to mailbox of recipient
with original text message.

A Stored and played in a normal way/ played when the recipients reads out the text message
and the recipient terminal supports audio /video



Multimedia Email Structure
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Interactive applications over Internet

AWorld Wide Web

A Linked set of multimedia servers that are geographically distributed
A Total information stored is equivalent to a vast library of documents.
A Pages are linked through Hyperlinks (References to other pages / same page)
A Options available to jump to specific point of pages.

A Anchors used

A HyperText

A HyperMedia

A Uniform Resource LocatdRLcunique identification to a location
AHome Page

A Browser

A HyperTextMarkupLanguage

A Free sites / Subscription sites

A Teleshopping, Telebankinigitiate additional transactions



Figure 1.14 Interactions with a World Wide Web server: (a)
schematic; (b) hypertext linkages between the pages of a set of
documents.
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Entertainment Applications

ATwo types:
AMovie/ videoc on demand
A Interactive television

AMovie/ videocon demand

AVideo / audio applications need to bemiuch higher quality/resolution
since wide screen or stereophonic sound may be used.

AMin channel bit rate ofl..5 Mbpsis used.
AHere aPSTN with high bit rateequired /Cable network
ADigitized movies / videosire stored inservers.



Entertainment Applications

A Subscriber end

A Conventional television
A Television with selection device fimteractive purpose

A Movie-on-demand /videcon-demand
A Control of playing of the movies can be takie VideoCasetteRecorder
A Anytimec! A8 SNXa OK2 A OS
A This may result isoncurrent acceskading to multiple copies in the server
A This may add up to the cost

A Alternate methodused isnot play the movie immediatehafter request butdefer till the
next time playout time All request satisfied simultaneously by sergatputting a single
video stream.This mode is known asar movieon-demand or NMOD.

A Viewer is unable to controthe playout of the movie
A Formats of the filesalso play a significant role



Figure 1.15 Interactions with a video server: (a) networking
schematic; (b) movie-on-demand; (c) near movie-on-demand.
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Interactive Television

ABroadcast Television includable, satellite and terrestrial networks.
ADiffusion ofanalogand digital television programs
A Set Top Boxlso has anodemwithin it

ACable NetworksSTB provides a low bit rate connection to PSTN as well
requests and a high bit rate connection to Internet or broadcasts

AAn additional Keyboard, telephone can be connected toSfi&o gain
access to services.

AlInteraction Television:

A Through the connection to PSTN, users were initially actively able to respond to the
Information being broadcast.

A Return channels helped in voting, participation in games, home shopping etc.,
A STB in these networks requiaehigh speed modem



Figure 1.16 Interactive television: (a) cable distribution
network; (h) satellite/terrestrial broadcast network.
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NetworkQoS

ACommunication Channel
AParameters associategNetwork QoS
A Suitability of a channel for an application can be decided using these
ADifferent for Circuit Switched networks and Packet Switched networks

ACircuitSwitched N/w

A Constant bit rate channels
A Parameters
A Bit rate
A Mean bit rate error
A Transmission delay



NetworkQoS- CircuitSwitched N/w

ABit error rate
AProbability of the bit being corrupted during transmission
AA BER of 19=1/1000¢
Aindicates 1 bit may be corrupted in 1000 bits
ABit errors occur randomly

Alf BER probability is P and the number of bits in a block is N then assuming
random errors, theorob of a block containing a block errogiB given by
Ps 1-(1-P)!
Which approximates to N X P if NXP <1
Ex. If P=1/1000 and N =100 bits=P00/1000=1/10



NetworkQoS- CircuitSwitched N/w

A BothCS and P@rovidean unreliable servic&nown as @est effort or best try service

A Erroneous packetare generally dropped eithawithin the network or in thenetwork interface
of the destination.

A If the applicationdemandserror free packetsthen the sender needs to divide the source _
g}for&n_atlon iInto blocks of a defined max size and transmits and the destination is to detect if the
ock is missing.

A When a block isnissed out destination requests the source send another copyf the missing
block. This is reliable service.

A Adelay is introducedso theretransmissionprocedure should beévokedrelatively infrequently
which dictates a small block size.

A High overheadsre also involved since each block contains additional information associated
with retransmission procedure.

A Choice of a block size is a compromise betweerirtbieased delayesulting from darger block
size and henceetransmissions

A Whensmall blocksizes is used, loss wnsmission bandwidthresults from thehigh overheads



NetworkQoS- CircuitSwitched N/W

ATransmission dela%/ within a channel is determined not only byitingte
but alsodelays that occur in the terminal/ computer n/w interfaces(codec
delays +propagation delay

Aie. Transmission _delaa/ depends loitrate + terminal delay + interface
delay + propagation delay

ADetermined b_%/ theghysical separatiorof the two communicating devices
anddt_he velocity of propagationof a signal across the transmission
medium.

ASpeed of light in free space is 3 X s
APhysical medig 2 X 18 m/s

APropagation delay iisr_;ldel[oendent of the bit rateof the communications
channel and assuming that codec delay remains constant, it is the same
whether the bit rate is 1 kbps, 1 Mbps ofGbps



FromForouzan

APropagation speedspeed at whicla bit travelsthough the medium
from source to destination.

ATransmission speedhe speed at whiclall the bitsin a message |
arrive at the destination. (difference in arrival time of first and last bit)

APropagation Delay = Distance/Propagation speed
ATransmission Delay = Message size/bandwidth bps

ALatency = Propagation delay + Transmission delay + Queueing time +
Processing time



NetworkQoS-Packet Switched Networks

AQoSParameters
AMaxPacketSize
AMeanpacketTransferate
AMeanpacketerror rate
AMeanpacketTransferdelay
AWorstcasejitter
ATransmissionlelay

Alnspite of a constant bit rate supportedby most of the networks, the store
and forward delay in router/PSE, the actual rate across network also
becomesvariable



NetworkQoS-Packet Switched Networks

A MeanpacketTransferate

A Averagenumber of packetstransmitted acrossthe network per secondand coupledwith packet
sizebeingused determinesthe equivalentmeanbit rate of the channel

A Surtnmationof mean - store and forward delaythat a packetexperiencesn eachPSE/kouter in its
route

A Meanpacketerror rate PER
A Probof areceivedpacketcontainingone or more bit errors.

A Sameasthe blockerror rate of a CSh/w
A Related to the max packet size and the worst case BERof the transmissionlinks that
interconnectthe PSEs/routerthat makeup the network

A Jitter ¢ worst case- variation in the delay

A Transmissionlelayis the samein both pkt mode or a circuit mode andincludesthe codec
delayin eachof the communicatingcomputersandthe signalpropagationdelay



Problem¢ Network QoS

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

(i) aconnection through a private telephone network of 1km,

(i1) a connection through a PSTN of 200km,

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

Assume that the velocity of propagation of a signal in the case of (i) and
(ii) is 2 x 10®* ms™! and in the case of (iii) 3 x 10%¥ ms™.

Answer:

Propagation delay TP = physical separation/velocity of propagation

. o 10° = -6
(1) Ip-‘zst-oxm S
. o 200%10°

(11) lp— o 10° =10"s
PR i [ L
(111) lp— 3x10“""’7""’ S
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ApplicationQoS

Aln applicationsdependingon the mediathe parametersmay vary

AEx Imagesc parametersmay include a minimum image resolution
andsize

AVideoapplIn- digitization format and refreshrate may be defined

AApplication QoSparametersthat relate to networkinclude
ARequiredbit rate or MeanpacketTransferrate
AMaxstartupdelay
AMaxendto enddelay
AMaxdelayvariation/jitter
AMaxroundtrip delay



ApplicationQoS

A For appln demandinga constant bit rate stream the important parametersare bit
rate/mean packettransfer rate, end to end delay, the delay variation/jitter sinceat the
des_tlgiatlon decoderproblems may be causedif the rate of arrival of the bitstream is
variable.

A Forapplicationswith constantbit rate, a circuit switched network would be apﬂropriate
asthe requirementis that call setup delayis not important, but the channelshould be
providinga constantbit rate serviceof a Known rate

AInteractive applications a connectionless packet switched network would be
ap][o_roprlateas no call set up delay and any variation in the packettransfer delay are
not important

A Forinteractive applications howeverthe startup delay (delay betweenthe a_PpIication
makinga requestandthe destination(server)respondingwith an acceptanceTotaltime
delayincludesthe connectionestablishmentdelay + delayin sourceand destination.



ApplicationQoS

ARoundtrip delayisimportant for ahumancomputerinteractionto be
successfutielay between start of a requestfor someinfo made and
the start of the information received/displayedshouldbe asshort as
possibleand shouldbe lessthan few seconds

AApplicationthat best suits packetswitchedn/w comparedto CSis a
largefile transfer from a serverto a workstation.

ADevicesn home n/w connectioncanuse PSTNan ISDNconnection,
or a cablemodem

APSTN/ISDN; CS constant bit rate channel -28.8kbps(PSTNgand
64/ 128bps(ISDN)



Application QoS

ACablemodemsoperatein Packetswitched mode.

AAsconcurrentusersare seenusingthe channel, 100kbpsof meandatarate
canbeused

ATimetakento transferthe completefile is of interest as though 27Mbps
channelsare available,astime sharingis used,file transferhappensat the
fullestin the slot allotted.

ASummarywhen a file of 1200Mbits is to be transferred,the min time taken
by
A PSTNand 28.8kbpsmodem 57.8min
AISDNat 64 kbps 26 min
A 1SDNat 128kbps 13 min
A Cablemodemat 27Mbps 3.7 sec



Application QoS

AMany situations,dependingon the parameters constant bit stream
applicationscanpassthrough packetswitchingnetworks also

ABufferingis the techniqueusedto overcomethe effectsof jitter.

AA defined number of packetsis kept in a memory buffer at the
destinationbefore play out.

AFIFQdisciplineis followed
APacketizationdelay addsup to the transmissiordelayof the channel
APacketsizeis chosenappropriatelyto givean optimizedeffect




Applicatio

a
(@) A Constant bit rafe Meacn packet

input siream transfer delay

Received \

packet sream 7

Pocketized

input stream

Number of bits
input/output

.

Constant bit
rate output
siream

» Time

T, |e—, —>-"TE e

N

T, = packetization delay
T\, = mean network packet fransfer delay
= transmission delay + mean store-andforward delay
Ty = bulfering delay at destination (fo overcome worstcase jitier)
I. = iofal inputio-output delay
=h+Ty+ T
Jittier = variation in storeandforward delay about the mean

(b) Firstin, firstout (FIFO) buffer

Input from network
at a variable bit rate

Effect of early arrival 4-#-’ Effect of late arrival

Defined level
before output starts

— Output ot a constant bit rate

Figure 1.22 Transmission of a constant hit rate stream over a
packet-switched network: (a) timing schematic; (b) FIFO buffer

operation.
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Application QoS

ATo check thesuitability of the network to applicationgo be transmitted
by the end machineservice classeBave been defined.

AEveryspecific set of QoS parametedefined foreach service class
Alnternet ¢ includes all classes of services.
APacketsn each clastave adifferent priority and treated differently

AEx. Packets relating to MM applications are sensitivéetay and jitterand |
are given high priority compared to packet with text messages like email

ADuringnetwork congestion video packets are transmitted first.

AVideo packets armore sensitive to packet losand hence given a higher
priority than audio.



Application QoS

A packetswitched network with a worst-case jitter of 10ms 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 wansfer
rate of the network exceeds the equivalent input bit rate in each case.

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

(i) At 64kbps, 10ms=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.

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

(iii) At 1.5Mbps, 10 ms= 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 (iii) above playout would not start until two pack-
ets have been received and the FIFO buffer should hold four packets.
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MULTIMEDIA INFORMATION
REPRESENTATION



Text

AThree types of text:

AUnformatted text:
A Plaintext created from a limited character set

AFormatted Text

A Richtextc documents are created which comprise of strings of characters of different
styles, sizecolor etc. Tables, graphics and imagese inserted

AHypertext
A Integrated set of documents have defined linkages between them.



Figure 2.6 Two example character sets to produce unformatted

text: (a) the basic ASCII character set; (b) supplementary set of

mosaic characters.
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Unformatted Text

AASCII Table

APrintable charactersAlphabets, Numbers, punctuation characters
A Control characters

Abackspace, delete, Esc etc.,

A Informationseperators FileSeperatorsRecord separator

ATransmission control characters:

A Start of Heading (SOH), Start of Text (STX), End of Text(ETX), Acknowledgement
(ACK), Negative ACK (NACK), Synchronous ldle (SYN), Data link Escape(DLE)

AASCII Values® 65 ¢ Row numbered 7 to 5 first, then columns 4321.
A So, A can be read as 1000001



Figure 2.6 Two example character sets to produce unformatted
text: (a) the basic ASCII character set; (b) supplementary set of
mosaic characters.

(b)
S O O [ [
positions [©] O | O ] 1 0| O
5| 0 | 0 1 0 [
4/3(2]1
o|o|o|0 i @ | P
olofo]l A | Q
olof1]o g R
olof1]1 c| s
ol1]/o]o D | T
ol1]{o] E | u
ol1][1]o F | v
of1[1]1 G | W
1{o|o]o H | X
1(olo]|1 | Y
1lo[1]o ] Z
1ol K [
1[1|olo L | \
11101 M| ]
1{1[1]0 N | A
1111 o | —
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Example Videotex / Teletext characters

I 2 3 4 39 40

|
Pan _

25 an' s
Y& ~

Y

Note: Grid only included as a template. Dr. Nandhini Vineeth




Unformatted Text

AMosaic characters

AColumn 010/011 and Colm 110/111 are replaced with the set of mosaic
characters

AThese are used in combination of Upper case characters to create simple
graphical images

AExample application is Videotex and Teletganeral bx information services
available through a std TV set and used in a no of countries.

ATotal page is made up of a matrix of symbols and characters which all have
the same size, larger size text and symbols possible by the use of groups of
basic symbols.



Formatted Text

AProduced byVord Processing packages

APublishing sectebooks, papers, magazine, journassc.,
ACharacters o¥arious style, size, shapes
ABold/Italic/Underline/Plain

AChapters, sections, paragraphs each with specific tables, graphics anc
pictures inserted at appropriate points

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

(a)
<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>
(b)

Formatted text

This is an example of formatted fext, it includes:
ltalics, Bold and Underlining

Dffecent fonts and Font Sizes

Dr. Nandhini Vineeth
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Formatted Text

ATo print the formatted Text, the microprocessor inside the printer
must be programmed

A to detect and inter
or picture into line

poret format of characters, convert table, graphics
oy line format for printing

APrint preview was

nlanned to WYSIWYG



HYPERTEXT

AHypertext type of formatted textthat enables a related set of
documentspages with defined linkage poinksg/perlinks

AEx.Electronic version of a brochure of a university



igure 2.9 Example of an electronic document written in
ypertext.

Med  Retwnlo home  Search  Your own Light on when
poge poge locilily ~ diectory  secrching/looding

Previous
page

)
2 s e e S
Loxpem [ -

\/
/\

3%

il

i

Page 2

MNote: » dicking the cursor on #Admissions of 1
Ehﬂumﬁgﬂm be wed as 0 bmlr.g'au.::l o
Hyperlinks can be either undedined fas shown| or in a different color
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Images

AComputer generated imagesgraphics
ADigitized image®f documentsas well apictures

ADisplay/Printingin the form of two dimensional matrix of individual
picture elements known as pixels / pels

AStored in a computer file
AEach type is created differently




Images Graphics

ADifferentS/W packagesindprogramsare available for the creation of
computer graphics.

AEasyto-use tools to create graphiebnes, circles, arcs, oval, diamond etc.,
as well free form objects

APaint brushor mouse can be used to create shapes required

APredrawn-(either by author/ from gallerglipart) can be taken and
modifications done

ATextual imagegyrecreatedtables, graphs, digitized pictures and
photographs can be included.

AObjects can be made to look in layers
AShadows can be added to give a 3D effect



Images Graphics

A Computer display screeis also made up of two dimensional matrix of individual picture elements
- - pixel each of which have a range of colors associated with it

A Video Graphic#\rray (VGA)X a common type of display consisting6afO X 480 pixels8 bits per
pixel-256 coloursare allowed

A Al objdelc;ts are made up ofseries of lineghat are connected to each other and may appear as a
curved line.

A Adjacent pixels form a shape

A Attributes of each object its shape, size (based on the border coordinates), colours and shadow
A Editinginvolves changing these attributes

A Moving an object involveshanging border coordinatorand leaving other properties in tact

A Shape canbe open or close
A Open Beginning and end pixel need not be same.
A Close Beginning and end pixel need to be the same

A Renderingg Filling colours to the objects
A Basic low level commandsan be used to set the colours



Figure 2.10 Graphics principles: (a) example screen format; (h)
some simple object examples; (c) effect of changing position
attribute; (d) solid objects.

(a)
X = 640 pixels

"
A

Y = 480 pixels /

| Pixel posifion (X, Y)

2 5

X x Y = spatiol resolufion of screen
8 bits per pixel = 256 different colors

yaivaiin

line Curve Square
(c) (d)

(b)

|- Border pixels

§ o § I~ Colocill pixels
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Images Graphics

ARepresentation of a complex graphics
AAnalogous to computer program
AProgram¢ Main body + Functions (parameters) + Built in functions

A Graphics; Basic commands to create and added functionalgpuilt-in or
done by user

AMain body is used to invoke various functions in order required
A Graphics; base layer. Call various functions to create layers

ATwo forms of representation of a computer graphia higher level
version(simi to high level program) antde actual pixelg image of a
graphic(simi to byte string equivalegiow levelequi) said to beditmap
format



Images Graphics

ATransfer over a networlcan be done in either form.

AHLL format is more compact and requires less memory to store the image and
less BW for its transmission. Destination must be able to interpret the various
high level command

ABit map format is often useqd Many generalized formats like Graphical
Interchange Format (GIF) and Tagged Image File Format (TIFF)

AThere are also software packages suclBiasple Raster Graphics Package
(SRGP) which convert the HLL format to pixel image form.



Images; Digitized documents

A Ex.Dri]gitized documents that produced by the scanner associated wifa@simile
machine.

A Each complete page frotaft to right is scanned to produce a sequence of scan lines
that start at thetop of the page and end at the bottom

A The vertical resolution of the scanning procedure is eith86 or 7.7 lines per mm
which is equivalent to approg00 or 200 lines per inch

A As every line is scanned, it is digitized to a resolution of apprper picture elements
known as pels with fax machineger millimeter

A Fax machineause asingle binary digit to represent each pdl for a white peland al ¢
for a black pel Two million bitsare produced for a one page digital representation.

A Receivetthen prints reproducing the original imadpy printing out original streanto an
equivalent resolution.

A Fax machines used to transmit black and white images such as printed documents
mainly text



Figure 2.11 Facsimile machine principles: (a) schematic; (b)
digitization format.

la)
P tﬂl F'rmled dl |1ﬂ|
age being Scanning head 9
(b)
Pels
: Scanned page
Scan lines 4 -
Pel = piciure element Resolution = Mx N

Pel resolution = 8 per mm
Line resolufion = 3.8/ 7 per mm
- |m.’f2’mw |I'1C-+l
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Images Digitized Pictures

A Consideiscannersdigitizing monochromatic images

A 8 bits per pixels leading to 256 colors varying from white to black with varying shades of grey.
A Little improved quality than a facsimile

A Colors images: necessary to know how colors are formed and picture tubes in monitors work.
A Color GamutCombinations of three colorfed, Green and Blue

A Mixing technique is calleddditive color mixingtechnique.

A All three colors; RGBare 0, black is obtained, RGB makite is obtained.

A This tech is helpful fgeroducing color image on a black background, i.e., display applications
A TV Sets and computer Monitors hence prefer RGB.

A Subtractive color mixings seen wherCMY (CyaiMagentaYellow)is used

A Herewhite is produced withall three values to zer@ndblackis produced when athree are to the
maximum

A This is suitable for producing color image on a white background i.e., printing application
A Printers and plotters CMY



Figure 2.12 Color derivation principles: (a) additive color
mixing; (b) subtractive color mixing.

RED
(14|

%W

L]

(b)
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Raster Scan Principles

APicture tubesin most TV sets operate usiRasterscan

AFinely focused electron beathe raster ¢ being scanned over the complete
screen.

AScan starts at thieft top of the screen continues withhorizontal discrete lines
with horizontal retracedill it reaches théottom right corner progressive
scanning.

AEach set ofiori scan lines is frame (N individual scan line$s25N-America,S
america, most of Asia, 623=urope and a number of other countries)

ALight sensitive phosphorusoating is seen in the inside of the display screens.
Theyemit light when energized with electron beam.

A;I_'hepower In electron beam decides tharightness Level of power changes with
Ines.

ABeamturned off during retrace



Figure 2.13 Television/computer monitor principles: (a)
schematic; (b) raster-scan principles; (c) pixel format on each
scan line.

(a)

Screen cooted with a
2-dimensional matrix of pixels
each comprising a set of

three color phosphors which
ore sensitive 1o the R, G and B

signal levels

(b)

A Scon line 1
2 1 Time
3

1 frame 4 —

H N ™ Hoxizonial retrace
: \1——— Vertical retrace
: hr
O R il N

\J N — e

N = 525 [NTSC) and 625 [PAL/CCR/SECAM|
Frame refresh rote = 60 times per sacond [NTSC)
= 50 times per second [PAL/CCRR/SECAM)

... 9000. ..
CXCXC

XX

Seatsze ne Nandhini Vineeth

R. G, B/R, G, B = phosphor iods
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Raster Scan Principles

A BW picture tubessingle electron beam used with whitensitive phosphor.

A Color tubesthree sepclosely located beams (R,G,B)with a 2D matrix of pigelsr sensitive phosphors.
A Set of three phosphosghosphor triad

A Each pixels in shape of avhich merges with neighbors

A Spot size i925 incheg0.635 mm) and when viewed from a distance continuous color image is seen.

A To support mobilitythe persistence of color produced by phospl®designed to decay very quickligence
refreshingthe screen is necessary.

A The Ijrclght signaéssociated with each frameaariesto show mobility withmoving image andstays the same
for still images

A Frame refresh rate isigh enoughto keep our eye not recognize the refresh.

A A low refresh rate leads tilicker. RR of 50 times per secornsl requiredfrequency of mains electric supply
IS required is60 Hzin America and Asia ariDHzin Europe



Raster Scan Principles

A Analog TVPicture tubes operate in analog modamplitude of each signal vargis each line is scanned
A Digital TV color signals are in digital form and comprise string of pixelswith a fixed number of pixels per scan line.

A A stored imagés displayed by reading the pixels from memory in tisgachronism with the scanning process and
continuously varying analog form by means of a digitalanalog converter.

A Asthe computer memoryis tobe continuously scannetbr the display, a separate block of memory knowrvideo RAM
Is used to store the pixel images. So the graphics program writes into this VRAM, when a new image is to be shown on the
screen.

A Graphics program Creates the high level version of the image interactively with KB and mouse by the

A Display controllempart of the program interprets sequences of display commands and converts them into displayed
objects by writing the appropriate pixel values into video RAFMrame/ Display refresh buffer.

A Video controlleris a H/W sub system that reads the pixel values stored in the VRAM issyineronism with the
scanning process and for each set of pixel values converts these ineguinget of red, green and blue analog signals for
output to display.



Figure 2.14 Raster-scan display architecture.
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Pixel depth

AThe number of bits per pixel is known as pieel depth
ADecides the range of colors that can be produced.
AEX.12 bits 4 bits /primary color4096 diff colors

AEx. 24 bitx; 8 bits /primary color; 16 million (24) ¢ eye does not
discriminate

AColorc Look up table(CLUF)a dzo aSd 2F O2f 2 NAE 06 & dzLJ
above are selected are stored in a table and each pixel value is used as an
address to a location within the table which contains the corresponding
three color values.

AEXx. If each pixel is 8 bits and CLUT contains 24 bit entries, 256 colors from
palette of 16 million are selected and filled in the CLUT. Hence amount of
memory required to store an image can be reduced significantly.



Aspect Ratio

AAspect Ratie Number of pixels per line and no of lines per frames
ARatio of screen width to screen height

AAR of current TV tubes is 4/3 with older tulieBC Monitors are based
A16/9 with widescreen TV tubes

AUS color TV standartlational Television Standards Committ@¢TSC)

AEurope- three color TV standardsPAL (UK), CCIR(Germany),
SECAM(France)

ApHp O!'{ X0 YR CHpPp O09dzZNRPLISIY Xobddy O
some are for control and other info



AThe memory requirements to store a single digital image can be high
and vary between 307.2 Kbytes for an image displayed

1024 4 1920 16 1200 4

768 3 1080 9 1920 800 2.666667
1066.667
1680 4
1050 2.5
800 4 1280 4

600 3 960 3 960*4/3 1280

e |



Figure 2.15 Screen resolutions: (a) visible lines per frame;
(b) digitization spatial resolution.

(a)
Lines used 1o carry
} 45/49 i g contiol and other information
: ; :
525/625 H H
scon lines 480/576 E 5‘-.-... e
visible : H
¥ yoE :
(b)
X = 640/768 pixels

} Control and other information
[nat displaryed]

Y = 480/576

Xx Y = spaiol resolution
X/Y = aspect ratio = 4/3
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Aspect Ratio

AVertical Resolutioq 480 pixelNTSC, 576 with other three
AHorizontalc 640 (480x4/3) pixelgs NTSC , 768 (576 x4/3)
AThis produces hattice structurec¢ said to produce square pixels
ASome lines are used to carry control and other information

AMemory required to store a single digital image can be high and vary
between 307.Xbytesfor an image displayed on a VGA screen with
8bppixel.

ASVGA(Super VGRY bits per pixel



Digital camera and scanners

AThe scenario of capturing an image using a digital camera or scanner and
transferring to a computer directlys shown in fig.

AAlternative, store in the camera itself and then downloaded

A Capturing through a solistate device calle@dmagesensor

A Silicon chips with two dimensional grid of light sensitive cells cplietbsites.
ACharged Coupled Device(CG® widely used image sensor.

AWhen shutter is activated, eagihotositestores the level of intensity of the light
that falls on it and converts it intequieleccharge.

AThe level of charge is read and converted to digital vagieg an ADC
AlIn scanners, the image sensor comprises just a single rphovdsite

AEach line is scanned in a time sequence with the scanning operation and each
row values are digitized



DC and Scanner

A For color images, the colassowith eachphotositeand hence pixel position is obtained using
any of the three methods below.

A 1. Surface of eachhotositeis coated with R,G,B filter so that its charge is determined only by the
level of R,G,B light that falls on it. Coatings are in a 3 X 3 grid structure. The color associated is
based on the 8 cells surrounding it. The levels of other two colors in each pixel are then estimated
by an interpolation procedure involving all nine values.

A 2. This method supports use of three separate exposures of a smﬁle Image sensor, first through
red, second a green and third a blue filter. The color is based on the charge obtained with each of
the three filtersR,G and B. This cannot be used for video cameras asd@psxposures are
required. This is used with high resolution still image cameras in studios with tripod.

A 3. Uses thresepimage sensorg one with all thephotositescoated with a red filter, the second
coated with a green filter and the third coated with a blue filter. A single exposure is used with
iIncoming light split into three beams each of which expossspaimage sensor. This is used in
professional qualityhigh resolution still and moving image cameras since they are more costly
owing to use of thresepsensors anéssosignal processing circuits.



DC and Scanner

AOnce an image/frame has been captured and stored on the image sensor,
the charge stored at eagbhotositelocation is read and digitized.

ACCDreads the charge single row at a time and transfers teaalout
register. The charge on eagihotosneposmon IS shifted out, amplified
and digitized using an ADC. All rows are read out and digitized.

AWhen this output is directly sent to a computer , bitmaps can be loaded in
the framebuffer which are ready for display.

AWhenstored in the cameramultiple images are stored and then
transferred to computer. They can be stored in an integrated circuit
memory either on aemovable cardor fixed within the cameras. Cards in
card slots anaable linkused respectively to transfer.

AFile Formats used to store a set of imagd@&F/Electronic Photography




Figure 2.16 Color image capture: (a) schematic; (b) RGB signal
generation alternatives.

CCD)Grmee) P2 G B
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AUDIO

A Audio- Speech / Music
A Generated byicrophone speech synthesizer.
A If by a synthesizer, then it would be a digital signal ready to be stored in a computer

A If byMicrophone, then those analog signal need to be converted to digital signal usiagdio
signal encoderlf this is to be sent to apeakerwhich again demands analog signal, an audio
signal decoder is required for this conversion,

A BW of a typical speech%® Hz to 10KHz.
A Music-15Hz to 2(KHz

A The sampling rate used should be in excess of their Nyquist rate which is 20ksps for speech and
40ksps for music.

A The no. of bits per sample must be chosen so thaji@ntization noisegenerated by the
sampling process & an acceptable levelelato min signal level. SpeecHl2 bits per sample
and for musia 16 bits

A Sampling rate is often lowered in order to reduce the amount of memory that is required to store
a parti passage of music



PCM Speech

A EarlierPSTNvas using a pure analog system, so voice signals were transferred through switches.
A With introduction ofdigital networks, newer digitakequipmentswere introduced Bw¢ 200 Hz to 3.4Khz

A Poo%q4ukarllity ofbandlimiting filters demanded asampling rate of &hzthough theNyquist Sampling rate
was6.4khz

A 7 bits per sample was used in American countries and 8 bits by European countries to minimize the resulting
bit rate, as 56kbps and 64 kbps respectively.

A Modern systems arwith 8 bits showing better performance than 7 bitThe digitization procedure is pulse
code modulation and the international standard relating to this is defined irlTRécommendatiof.711

A Encoder uses a compressor and the decoder uses an expander

A Considering the quantization procedurésnear quantization intervalsvhen used produces thgame level
of quantization noise irrespective of the magnitude of the input signal

A Ear is however sensitive to noise on quite signals than on loud signals

A To reduce the effect of quantization noise with 8bits per sample, PCM systemarseknear intervalswith
narrower intervals used for smaller amplitude signdlsan for larger signals. This is done by the compressor
and expander circuits. The overall operatisgsompanding

A Compressor and expander characteristic are shown in the figure



Figure 2.17 PCM principles: (a) signal encoding and decoding
schematic; (b) compressor characteristic; (c) expander

characteristic.
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Figure 2.17 Continued
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Derive the time to transmit the fullowing digitized images at both

64 kbps and 1.5 Mbps:

m  a 640 x 480 x 8 VGA-compatible image,
B al024 x 768 x 24 SVGA-compatible image.

Answer:

The size of each image in bits is:

VGA = 640 x 480 x 8 = 2.457600 Mbits
SVGA = 1024 x 768 x 24 = 18.874368 Mbits

Hence the time to transmit each imag& 1s:

2 4576 x 10°
At 64 kbps: VGA = = 38.4s
64 x 103
18.874368 x 10°
GA = =294912s
64 x 103
2 4576 x 108
At 1.5Mbps: VGA = = 1.6384s
1.5 x 108
18.874368 x 10°
SVGA = = 12.5829s
1.5 x 108
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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) 1s to be stored within the memory of a computer,

(i1) 1s to be transmitted over a channel which has a bandwidth from
200 Hz through to 3.4kHz.

Answer:

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

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

(11) 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 3.4kHz.

In praclice, it should be noted that, because of imperfecﬁnns in filters,
some higher frequency components above the filter cut-otl frequency
may be passed and hence the sampling rate is normally higher than the
two derived values. In the case of (ii), for example, it is common to
assume that frequency components of up to 4 kHz may be passed by the
bandlimiting filter and hence a sampling rate of 8ksps is normally used.
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PCM Speech

ACompressor circuitrgompresses the amplitude of the inpugignal.

AWhen the amplitude increases, the level of compression and hence the
guantization intervals increases

AThe resulting compressed signal is then passe&I€ in turn performs a linear
guantizationon the compressed signal.

A At receivereach linear codeword is first fed to a linear DAC.

AThe analo%)utput from the DAC is then passed to the expander circuliich
performs the reverse operation of the compressor circuit. Modern systems
perform these digitally.

ATwo different compressioexpansion characteristics in ugelaw (America) and
A-law used in Europe.

AHence a conversion operation is suggested when two systems communicate.



CD Quality Audio

A Compact disks ardigital storage device$or music and more general multimedia information streams.
A A standard is associated with these said to be D&jital Audio CDDA)
A Musicc audible BW of 15Hz to 20KHz and min sampling sh#0ksps.
A Actual rate is highethan this to allowimperfections in band limiting filterused, and theesulting bit rate is then compatiblevith one of the higher
transmission channel bit rates available in public networks.
A One of the sampling rates used4ié.1kspswhich means that the signal is sampled28tmicrosecond intervals
A BW of recording channel on a CD is largehigh number of bits per sample can be used.
A The standard define$6 bits per samplewhich is the minimum requirement with music @avoid the effect of quantization noise
A Linear quantization can be used with these number of bits that y&##86 equal quantization intervals
A For stereophonic music, two separate channels are required and hence the total bit rate required is double that for mono.
A Bit rate per channel= sampling rate X bits per sample
A =44.1 X 19X 16 =705.6Kbps
A Total bit rate = 2 X 705.6 £.411Mbps
A Within a computer, in order to reduce the access detayltiples of this rateare used
A with CDcROMSs this bit rate is used, which is widely usedHerdistribution of multimedia titles (A multimedia project shipped or sold to

consumers).



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

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

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

m  64kbps
m  1.5Mbps.
Answer:

(i) 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

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

492.33 x 10° ,
At 64 kbps = — =661.4s (about 11 minutes)
64 x 103
42.33 x 10°
At 1.5Mbps = ———""— =28.22s
1.5 x 106
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Synthesized audio

AWhendigitized,audio ofany form can be stored in a computer

ATheamount of memory requiredo store thedigitized audio
waveform can be very large even for relatively short passages.

Alt is for this reason thatynthesized audias used by multimedia
applications, as the size of this type of audi@ to 3 orders of
magnitude less tharnhat required to store theequivalent digitized
waveform.

Alt iseasier to edit synthesized audiand to mix several passages
together.
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Audio Synthesizer

A: Three components

A Compute(with application programsXeyboardbased on a piano) aralset of sound
generators

A Computer accepts input from keyboard and outputs to sound generators which produces a
corresponding waveform via DA@as drive the speakers

A the key wherpressed produces a diff codewor@nessage) which is read by a computer
program

A '(Ij'he _ﬁ)ressure applied on the key is also of importanoessagandicates the complete
etall.

A Control panelhasswitches and slidersllows the computer prograraddninfo such as
volume of gene output andelecsound effectsto be associated with each key.

A Secondary storage interface store the entire piece of audio in sec storadie|tikg/CD
A Editing, mixing of existing several stored passages

A Sequencer program associated with the synthesizer then ensures that the resulting
Integrated sequence of messages are synchronized and output to sound generators



Figure 2.18 Audio/sound synthesizer schematic.

Audio/sound synthesizer

AN
o 6

loudspeckers
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Audio Synthesizer

AEven in the keyboard, there are keys for diff instruments (guitar)

ATo distinguish between these, a std set of codewords are used (both
0 and op)

AThese are defined in a standaifdusic Instrument Digital Interface
(MIDI)

Aln addition to the messages used by synthesitter type of
connectors, cables and electrical signétat are used to connect any
type of device to the synthesizer




Text and Image compression

ARequirementreduction in volumeof information transmitted

ACompression technique is applied on text, image, speech, audio and video
to either reduce the volume or reduce the BW required to transmit

ACompression Principles:
ASource encoders and Destination Decoders

Aln the source beforéx, compression is done by Source encoders and to
extract an exact copy of it in theeestn decompression is done by
Destination Decoders

ATime req forcompreanddecompreis not always critical for text and
Image and done through s/w

AForaudio and videotime required by software can always be not
accepted and hence two algo must be donespgcial processors




Figure 3.1 Source encoder/destination decoder alternatives:
(a) software only; (b) special processors/hardware.

(a)

Source computer Destination computer

Source computer Destination computer
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Compression Principlelsossless and Lossy
compression

ALossless compressiowhen decompressethere should no loss of
data . Said to baeversible Example applicaticriransfer of a text

file
ALossy compressiogaim may benot to reproduce an exact copy of

the source information after decompressiont rather a version of it
perceived by the recipient as a true copy.

AHigher the level of compression, the approximation is more.
Applications transfer of audio, images and video files

AHuman eye is generally insensitive to such missing data



Compression Principle&ntropy encoding

A 1slosslessand independent of type of information that is compressed
A Two examples:
A In some applications these two are combined and in some others they are used separately.

ARun length encoding:

A gyptical applications are when the source info comprises long substrings of same character or bina
Igi

A Instead ofindep codewords/bits, the codeword for the char/bit and the no of times of repetitions
are transmitted. In thelestnwhich knows the list of codewords, repeats it for the req no of times.

A In applns when there is dimi number of substrings, each is a given a separate CW.
A The final bit string will be a combination of the appropriate CW.

A Ex. Binary strings produced by a scanner in a facsimile m/c of a typed document % nerally contain
Io%; substrings of either binary Os or 1s. Ex. 000000011111111111110000000000. This can be
NELINaAaSYUSR Fa nZtZmMZmMoznzX

ALT A0 A& lfgréea FT2tt26SR UKFGO OKS au0NRYy3I adt



Compression Principles

AStatistical encoding
AGen,ASCII Codewordsre used for transmission of strings.

AAIl the char may not have the sarfreq of occurrencee. equal
probabllity. Thefreq of occ of A >req of occuof P>freq of occ of Z

AStatistical encoding exploits usageMafriable codeword length
whereshort codewords forfreq occusymbols

Aldentifying codeword boundarie# the destination is a challenge,
which if missed wrong interpretation may happen.

ATo support thisprefix property is used.
AEx. Huffman encoding algorithm uses this.



Compression Principles

AStatistical encoding

AThetheo min average number of bit¢hat are required to transmit a
particular source stream is known astropy of the sourceand computed

using a Shannon formula:
A EntropyHal' m (02 V,PiHt A f 23

An-no of different symbols in the source stream and Pi is the probability of
occurrence of the symbal

AHence theefficiencyof the encoscheme is theatio of the entropy of the
sourceto the average number of bits per codewortthat are required with

the scheme.
AAverage number of bits per codewordi=m (NP H




Text Compression

AThree texts formatted, unformatted and hypertext

AA loss of a single char in text would modify the meaning and hence text
trangmlssmns are lossless. Entropy encoding and in practice stat encoding are
used.

ATwo methods with stagénco 1. using single character for codewowhd 2.
variable length

AExample of type-IHuffman and arithmetic coding algorithms
A2. LempeFRivalgo
A2 types of coding used for text

A 1. text with knowncharacin terms of char used and thaielafrequ of
occurrence. Here an optimum set of variable length codewords are used.

AShort length frequently occurring. Resulting set of codewords agreed upon by
comm parties is used for all transmission and this is static coding



ASecond type is for more gappln- type of text may vary from onex
to another

AOptimum set of codewords vary for eaptand are derived as the
transfer takes place. Dynamically decided but in such a waytist
able to arrive at the same set of codewords used. This is dynamic or
adaptive coding



Text CompressionStatic Huffman coding

ACharacter string to bi is analyzed and thigeq of characters are noted.
AUnbalanced tree with some branches shorter than others is generated.
AWider the spread of characters, more unbalanced the tree

AHuffman code tree

ABinary tree, root node, branch node, leaf node

AEXx. String AAAABBCD

ATotal bits4 X 1 + 2 X 2+1 X 3 + 1 X 3 =14 bits

APrefix property



Figure 3.3 Huffman code tree construction: (a) final tree with
codes; (h) tree derivation.

(a)
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A series of messages is 1o be ransferred between two computers over a
PSTN. The messages comprise just the characters A through H. Analysis
has shown that the probability (relative frequency of occurrence) of
each character is as follows:

Aand B=025, CandD=0.14, E.,F G, and H=0.055
(a) Use Shannon's formula to derive the minimum average number of
bits per character.

(b) Use Huffman coding to derive a codeword set and prove this is

the minimum set by constructing the currtipuxldillg Huffman
code tree.

Dr. Nandhini Vineeth

(¢} Derive the average number of bits per character for yvour codeword
set and compare this with:
(i) the entropy of the messages (Shannon's value),
(i1} Axeddength binary codewords,
(i) F-bit ASCII codewords.

Angier:

{a) Shannon’s formula states:

8
Entropy, H=— ¥, P log, P bits per codeword

=l

Therefore:

H=—(2(0.25 log, 0.25) + 2(0.14 log, 0.14) + 4(0.055 log, 0.055))
= 1+0.794+0.921 = 2.175 bits per codeword

(b} The dervation of the codeword set using Huffman coding 15 shown
in Figure 3.4(a). The characters are first listed in weight order and
the two characters at the bottom of the list are assigned o the (1)
and (0) branches. Note that in this case, however, when the two
nodes are combined, the weight of the resulting branch node
{0.11} is greater than the weight of the two characters E and F
{0.055). Hence the branch node is inserted into the second list
higher than both of these. The same procedure then repeats unitil
there are only two entries in the list remaining.

The Huffiman code tree corresponding to the derived set of code-
words is given in Figure 3. 4(b) and, as we can see, this is the
optimum tree since all leaf and branch nodes increment in numer-
ical order.

(¢} Average number of bits per codeword using Huffman coding is:

2 (2 x025) +2(3 x 0.14) + 4(4 x 0.055) = 2.72 hits per codeword
which is 99.8% of the Shannon value.

Using fixed-length binary codewords:

There are B characters — A through H — and hence 3 bits per
codleword 15 suthoient which s 9 7% of the Hotbman valoe.

Using 7-bit ASCIT codewords:

T biis per codeword
which is 38.86% of the Huffman walue.
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Figure 3.4 Huffman encoding example: (a) codeword
generation; (b) Huffman code tree.
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(b)
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Figure 3.5 Decoding of a received hitstream assuming

codewords derived in Figure 3.3: (a) decoding algorithm;
(b) example.

Read next bit fram
and oppend o existing bits

<|5 CODEWORD ulnu-N_

¥

lead matchi
intc B
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A=1 ) :
Ei%,':., —» 1000001 1000010 1000001 1000100 -----
D=000 A "B* A D"
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Figure 3.6 Dynamic Huffman encoding algorithm. Figure 3.6 Continued
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A statistical encoding algorithm s being considered for the transmas-

sion of a large number of long text files over a public network. Analysis
of the hle contents has shown that each hle comprises only the six dif-
ferent characters M, F, Y, N, 0, and 1 each of which occurs with a relanve
Frequency of occonrrence of 025, 025, 0195, 0125, 00125, and 0 125
respectively. If the encoding algorithm under consideration uses the fol-
lowing set of codewords:

M=10,F=11,Y=010, N=011, 0 =000, 1 = ({1
COmpute:

(i) the average number of bits per codeword with the algorithm,
(1) the entropy of the source,

(ii1} the minimum number of bits required assuming hxed-length
codewords.

Anszver:

(i) Awverage number of bits per codewortd
6
= 2, N P =(2(2x0.25) + 4(3 x 0.125))
=]

=2x05+4x0.375=25
Dr. Nandhini Vineeth
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Arithmetic Coding

AHC achieves the Shannon value only if the character/symbol prob are
all integer powers of .

AAs this igracdiffi, set of codewords produced are rarely optimum

ACodewords produced by the Arithmetic coding achieve the Shannon
value.

AAC is more complicated than Huffman and hence only basic static
coding mode Is discussed.

AEx. A message comprising a string of characters with prob of

Ae-0.3, n=0.3, t=0.2, w=0.1, .=0.1 A period is used as the terminating
character at the end of each character string so that the decoder interprets
the end of the string



Arithmetic Coding

Aln Huffman codingsepcodeword for each character is used
Aln AC, a single codeword for each encoded string of characters.

ADivide 0 to 1 into segment where each seq repdtiffracin stream and the
size of each segment by the prob of the related char.

AFigure explanation
A0.809 is obtained as 0.8+ 0.3 x .03 (30% of {0.89
AConsider 0.8161 is transmitted as the codeword

AThe number of decimal digits in the final codeword increases linearly with
the no of char in the string to be encoded

AGenerally a complete message is fragmented into small strings. Each string
IS encoded separately and the codeword is transmitted




Figure 3.7 Arithmetic coding principles: (a) example character
set and their range assignments; (b) encoding of the string went.

(a)

Example character set and their probabilities:

e-03n=034=02w=01,.=01

A 4

0 0.3 0.6 0.8 0.9 | <€— Cumulative
| I | I | | robabilities
Character P
set — ‘ e n ‘ t | w ‘ .
(b)
1.0 0.83 0.818 T 0.8162 T
0.9 1 w 0.827 — 0.8171 — /_0_81602 -1
0.8 — 0.824 0.8162 0.81584
0.6 7 0.818 0.8144 — 0.81548 1
n
0.3 0.809 — 0.8117 0.81494 —+
=
0 - 0.8 +— 0.809 — 0.8144 ——

Encoded version of the character string went, is a single codeword in the range 0.816 02 < codeword < 0.8162
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LempelZivCoding

A Codewords are calculated for strings of characters

A For the compression of texa, single table containingll possible character stririg words is held
by both sender and receiver

A Instead of thecodeword for the text the index of theable istx and rx with the table interprets
the string from the table and reconstructs text

A T?bletir']sused as a dictionarand LZ algorithm is known dgctionary based compression
algorithm.

A If word processing holds say 25000 words, 15¢88768 combinations possible.

A For the word multimedia, we may use only 15 bits instead of 70 bits withit ASCII codeword
resulting in a compression ratio of 4.7:1

A Shorter words will have lower compression ratio compared to longer words.

A Requirement is that the LZ algo is that both sender and receiver have a copy the dictionary
A Inefficient if small subset of words are stored in dictionary.

A Dynamically developing the dictionary can be a solution to overcome this.



LempelcZivWelsh coding

ADictionary is dynamically created .

Alnitially the table is filled with 128 ASCharacand as and when new
words are found, the entry Is inserted into the table.

A8 bit codewords are used initially and they are extended



Figure 3.8 LZW compression algorithm: (a) basic operation;
(b) dynamically extending the number of entries in the
dictionary.

(a) N
Dictionary contents: | NUL | O
[Index = 8bits)

soH |1 These locations used 1o
% hold the codewords of
the basic character set

| This | 128
is 129

»{ simplel 130 | 13,056 locations used 1o
as | 131 | hold the codewords of

> \ the characters that make
| il 132 | up each new word that
133 | occursin the text siring
Thisuisusimplewasaituis 7
255

<

This is sent using the index of the word is [129)

Each character is sent using the index of the individual character
in the basic character set

(b) .

i . ¢ Basic character set

127

Inifial index E 3
= 8 bits This | 128
is 129

Index incremented ' ' ¢ Existing dictionary
to 9 bits [ '

fish 255

P
pond | 256
257

; , ¢ Extended dictionary

¥ 511
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Image compression

Almages can be transmitted either in the form of a program written
using a programming language

Aln this case, théx is lossless as the text is transmitted
AThe other form is bit map format which is a lossy

ATwo diff schemes for these are used

A1.runlengthand statistical encoding used
A Lossless used in digitized documeixtthroughfascimile

A 2. Combnof transform, differential and run length encoding



Graphics Interchange format

AExtensively used in Internet for the rep and compression of graphical images.
AHere 24 bits per pixele 8 bits per color is used.

AAmong available? colors, 256 are selected and a table is made.

AThe 8 bit index of the table is sent instead of 24 bits

A Global color tabletable of colors relate to whole image

ALocal color table table of colors relate to portion of the image

AThe fig shows the LZW workiaguiof GIF

AGIF allows interlaced mode in low bit rate channels

AThe image data is organized so that the decompressed image is built up in a
progressive way

ACompressed data is divided into four grodps first contains 1/8 of théoal
compreimage, the second is further 1/8, third is ¥4 and the last remaining is Y.



Figure 3.9 GIF compression principles: (a) basic operational
mode; (b) dynamic mode using LZW coding.

Figure 3.10 GIF interlaced mode.

(a)

Calor dictionony:

|derived by the sowce
using either a localized
st of colars in the image
= a local color table -

or all the colons inthe
imoge - a global

calar table)

The colbar dictionary, screen size, and aspect ratio ane sent with fhe saf of indeses for the image.

(b)

Calor dictionon:

Dictionary of commean
swings of pinel valses
of the some calor =
darived dynamicalky

Red

Green

Index X

Inclas X

Incdese ¥

Index ¥

Index &

Incles: &

Index ¥

Indlax ¥

Blue
8

4 Bow 1R AN oo
2
| These locations wsed s hold the ‘31
2568 colors from the possble 5
" 224 sat of colors that are 1o be &
i b umed o represent oll the colors g
; in the image. The color af ench T T ——
! pixel in the image is sent using 10 ”
! the: B-bit sable index };
255 13
o 14
15
1&
V7 PO G, i
Shit index N
8 l
- Image with Growps 1,2 and 3
0 Bowe 1
| (| W +
4
* Bossic sat of 256 selected colors gm .
7 +H
g
A
255 " A
i HHHH
256 = H
Elsasasans .
257
Strings af 3 pieels of the same }'5‘ - +H
\ bexsic cabor sent using the indes 16
of the reloted 1able entry 1?:' o i o, ot
M
511
512 ]
Table con b exended if siings X = Graup | daa
of different colors are inchud + = Group 3 dma

r Bl index

Image with Geoup 1 only

Dr. Nandhini Vineeth

7

Zommas e Ln b k) — 0 A0 SO L b k) —
§§§

Imzge with Growps 1 and 2

S 0P L e R b — 00 0 O L R L b —

Feess

Image with Groups 1,2,3 ond 4

LA ALt AN. A AN eLt o

) = Gooup 2 dolo
A = Goup 4 doio

134



Tagged image file format

A This supports 48 bits per pixelL6 bits for each R,G and B

A Images aréx in networks using diff formats.

A Every format isndi using a code number

A Codel uncompressed format

A Code & LZWcompressed

A Code 2,3 and 4 are used with digitized documents

A LZWcompralgo is the same as in GIF

A Basic color table starts with 256 entries and exteapi® 4096 entries



Digitized documents

A1 bit per pixel cannot be considered with increased resolution
AITUT has given 4 std2(Group 1), T3(Group 2),

AT4(Group 3)analog PSTKSuits simple graphics
AOverscanningall lines start with a min of one white pel

ARXx knows first is always w.r.to white

ATermination codes table and make up table are formed as a result of
extensive analysis of experienced transmissions

AModified Huffmanncodes

AEOL Codesised to check for corruption

ANegative compression ratio is seen when used for high resolution images.
AT6(Group 4% Modified- Modified read



Figure 3.11 ITU-T Group 3 and 4 facsimile conversion codes:

(a) termination-codes, (h) make-up codes.
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2178 | ooooooololol | 217s | cooooooiona
3240 | 0000010110 | 2o | cOROOG0T0110
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Taap | ooo000011100 | 2348 | 00000000 1100
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ey e | 24 | coooonot111e
. Nan(lﬁﬂn %tﬁ'ﬂ” 2540 | QOOCOOOTIINTI
B | 00000000001 | EOH | G0000000001
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Figure 3.12 Some example run-length possibilities: (a) pass

mode; (h) vertical mode; (c) horizontal mode.
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Figure 3.13 Modified-modified READ coding procedure.
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Two dimensional code table contents

Pass blb2
Horizontal alal,ala?

Vertical a,b,=0
a,b,=1
a,b,=2
a,b,=3
a,b,=+1
a,b,=+2
a,pb,=+3

Extension

H

V(0]

VR1]
Vr[2]
Vr[3]
W]
W 2]
W3]

Dr. Nandhini Vineeth

0001+b1b2
00l1+a0al+ala?

1

011
000011
0000011
010
000010
0000010

0000001000
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Compression PrinciplesSource encoding

AExploits garticular prop of the sourcenformation toproduce an alternate
form of repre that is eithera compreversion of the original fornmor ismore
amenable to theappln of compression Two examples are disc here

A Differential Encoding:

AUsed extensivelyn applnswhere theamplitude of a value or signal covers a
large rangebut the diff in ampbw succvalues/ signals isela small.

Alnstead of large sebf codewords for the amplitudeg smaller set of codewords
can be used each of which indicate only the difference in amplitude between the
currvalue /sig being encoded and the preceding value. Ex. Digitization of analog
symbol required 2 bitsto obtainrequdynamic range but onl$ bitsare required
to express the difference, leading 1®% of BWbeing saved.



Compression Principlefransform encoding

ATran_sfor_min? he source information fronone form to another the new form
lending itself to the applications of the compression

AThere imo loss of infoassowith the transformation operation and is used in the
applications involvingmages and video

AEx. The digitization of mono chromatic image produces a 2D matrix of Pixel values
each of which refers to the level of graysipecipixel positions.

AMagnitude of each pixel value may vary.
AAs range of pixel values are scanned,

Athe rate of change in magnitude may vary from zéfall pixel values are the
same

A low rate of change one half diff from the next half.
AHigh rate of change if each pixel magnitude changes from one location to next



Compression Principledransform encoding

ARate of change in magnitude as we traverse the matrix give rise to
spatial frequency

AConsidering an image scanning pixels initbezontal directiongives
rise tohorizontal freq componentsand if done invertical directiong
gives rise tovertical freq components

AHumaneyeis less sensitive to higher spatifileq compocompared
to lower spatiafreqg comp

AHigherfreq comp which are not identified by the eye can be
eliminated thereby reducing the volume of information without

degrading the quality of therigimage.



Figure 3.2 Transform coding: (a) example pixel patterns;
(b) DCT transform principles.
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Compression Principledransform encoding

AThe transformation of a 2d matrix of pixel values to an equivalent
matrix of spatial frequency components can be carried out using a
mathematical technigueknown asDiscrete cosine transforfbCT).

AThis idosslessexcept for some rounding errors.

AOnce thespatialfreq componentsknown ascoefficientsare arrived
at, then the ones below a threshold can be dropped. At this point
some loss Is experienced.



Source encoding

AThree properties of a color source
ABrightness (term Luminance)

ARep amount of energy that stimulates the eye and varies on a
grayscale from black to white

AlIndependent of the color of the source.
AHue (chrominance)

ARepresents the actual color of the source as each color has a different
Freq / wavelength that is helpful for the eye to distinguish colors

A Saturation (chrominance)
A Strength of the color
A a pastel color has a low level of saturation than a color such as red.
A Saturatedcolor ¢ red has no white in it



Source encoding

AWhen 0.299R+0.587G+0.114B is the proportion for the color white to
be produced on the display screen

ALuminance signa a measure of the amount of white light (Y) it
contains

ATwo other signalg blue chrominance@b and red chrominance (Cr)
used to represent the colorationhue and saturation. These are
obtained by the two color difference signals.



Joint Photographic Experts Group

A JPEG is defined in the international std 1S 10918
A A range of different compression modes according toapplnis chosen

A Discussion is on lossy sequential mode/baseline noaeit is used for both monochromatic and
color digitized images

A 5 Stages as in figure
A Image/Block preparation
A Inp ¢ Mono chrome, CLUT, RGEbCr

A As DCT is involved and every pixel calculation involves all the pixels in the image, first 8 X 8 block:
are constructed.

A Formula used for the conversion of 2D input matrix‘ﬂ’fto the transformed matrix Kl

A x.y,iand j vary from 0 to 7 . T - —cwcmEoZoPtx.yl cos 23 g B T
x=0 y= < iivs

whereC(a)and C(]) l/\/_fo”] 0 m S !‘ SaEy
47 hink¥iefan all otherValuesofzand,] :

«.4 l“l! )




JPEG encoder

Image/block pre

Encoded
bitstream
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Figure 3.15 Image/hlock preparation: (a) image preparation;
(h) block preparation.
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Figure 3.16 DCT computation features.
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Joint Photographic Experts Group

AAIl 64 values in input matroontrito each entry in the transformed matrix

AWheni=0 and j=0, thdori and verti freq coeff- two cosines terms become 1 and
hence _FH0,0_I deals simply a summation of all values in the input matrix.
Essentially it is the mean of all 64 values and known as DC coefficient

AAIl other have dreq cooeffassoceither hori or verti ¢ these are known as AC
coefficients

AFor j=0, onlyhori freq coeffare present
AFori=0, onlyverti freq coeffare present

Aldn all transformed matrix, bothorizandverti freq coeffare present to varying
egrees

AWhen a single color is seen, the DC Coeff is the same and only a teefAC
within them.

A Color transitions show diff Deffand a larger number of A&®effin them



Joint Photographic Experts Group

A Quantization:

A Very little loss of information during the DCT phdesses are only due to fixed point arithmetic.

A Main source of loss occurs during theanand entropy encoding stages where the compression takes place
A Human eye responds primarily to DC Coeff and the lower syitptoeft

A If the mag of a highefreq coeffis below a certain thresholdthe eye will not detectit. Such are made to
zero bydroppingin quantization phase. Thesannot be retrieved in decoding phase

A For magnitude check, division by using the threshold is used in place of comparing and elimination. If
qguotient is zero, dropped.

A If divisor used is 16, clearly 4 bits are saved

A g'rg)el threshold value varies for each of the 64 DCT coefficients. These are maintained in the quantization
able .

A The choice of threshold value is important as it is a compromise between the levels of compression that is
required and the resulting amount of info loss.

A Two tables one for luminance and chrominance can be used or customized tables allowed.



19Ukinure 3.16 DCT computation features.
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Figure 3.17 Example computation of a set of quantized DCT
coefficients.
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Figure 5.18 Vectoring using a zig-zag scan: (a) principle;
(b) vector for example shown in Figure 3.17.

(a)

Cuantized coalficients

01 2 3 4 5 &6 7

%
A7

Linearizad wecior

&3 4 3 2 1 0

L
.-' r F
: —.r J

AC coeflicients in increasing

Lh B L k3 =
o
N

o order af frequancy
7 e D
DT coelhicient
(b)
&3 121109 8 7 6 5 4 3 2 1 0
O =memmmmmmmmmemcmceceeej QOO 2 2 22 3337|612

Dr. Nandhini Vineeth 155



Joint Photographic Experts Group

A Entropy encoding

A Consists of four steps: Vectoring, diff encoding-lemgth encoding, Huffman
encoding

AVectoring:

A Cor%ve_rsion of 2D to singtémenas all encoding schemes involve one d array. This is
vectoring

A Zigzag scanning

A Differential encoding
A The difference in the coefficients o B X
ALT MHIMOIMMIMMIMA XM XX &tdiddazero. Y &8 0S MHZX

A The difference values are encoded 8§8,val)eSS$§ no of bits required to encode the
value, and value field actual bits that represent the value.

A Posi valueunsigned binary form
A Negative value compliment
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Figure 3.19 Variahle-length coding: (a) coding categories;
(b) default Huffman codewords.
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Figure 3.20 JPEG encoder output hitstream format.
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Joint Photographic Experts Group

ARun length encoding

AAC coefficients encoded in the form of a string of pairs of values. Each
pair iIs made up ofskip,valué where skip iIs number of zeros in the
run and valuegnhext non zeracoeff

AROE®P 0nZcuonZtT00nZo0d0nZol XD
AHuffman encoding

AThe bits in SSS field is sent as Huffman encoded form

ADue to the use of variable length codewords in the entropy encoding stage,
this is known as variable length coding stage



Joint Photographic Experts Group

A

A
A
A

Hence theo

~rame building:
Defined way Is required for the decoder to decode the data

efn of structure of the total bit stream Is said to be frame

~rame consists of scans

ADecoder works in reverse of encoder

he expression: @x+ 1)irn & (2y+1)jm .

Alnverse DCT T3 3 apep et e BRI

Plx,y = 2

=1 @fori,‘j=0 : il
cnd = 1/for all other values of iand J.



Figure 3.20 JPEG encoder output hitstream format. Figure 3.21 JPEG decoder schematic.
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Video

AFeatures in a range of MijppIn
AEntertainment:Bx TV and VCR/DVD recordings

Alnterpersonal:video telephony and video conferencing
AlInteractive: windows containing short video clips

AVideoquality requirementvaries with application. Chamall box,
video play big screen

ASo aset of standardsare availablenot a single one



Broadcast Television

APicture tubes
ARGB
ANTS@&25, PAL/CCIR/SECANM25
A Refresh rate60 or 50 frames per second

A Broadcast T\Operates in?htIy different in terms of scanning sequence used and In
the choice of color signals compareddmmputer monitorinspite of the same
principle followed by both.

A Scanning Sequence

A Though min RR is declaredsistimes persecondi 2 I 2A R Ff AO]1 SNE T NRY
perspectiverate of 25 time per second is sufficient

A To reduce the transmission BW, transmission of each frame is done in two halves, each half
termed afield- first only with odd scan lines and the second with even scan lines.

A These two halves are received and integrated in the receiver.
A Interlaced scanning is used to integrate the two fields.



Aln 525 line systereach field comprises of 262.5 line240 visible
Aln 625 line systereach field comprises of 312.5 line288 visible
ARemaining used for other purposes.

AEach field is refreshed alter at 60/50 fields/sec or 30/25
frames/second

ARR of 60/50 frames/sec is achievaad with only half the
transmission BW




Figure 2.19 Interlaced scanning principles.
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VIDEO

AColor Signals:
AColor TVs must support monochrome transmission.

AEven Black and White TVs can receive Color TV broadcast and display in high
guality monochrome.

AHence, a different set of color signals from R,G and B were selected for color
TV bx.

AThree properties of a color source
ABrightness(term Luminance)

ARep amount of energy that stimulates the eye and varies on a
grayscale from black to white

AlIndependent of the color of the source.



VIDEO

AHue (chrominance)

ARepresents thactual color of the sourcas each color has a different
freq/ wavelength that is helpful for the eye to distinguish colors

A Saturation (chrominance)
A Strength of the color
A a pastel color has a low level of saturation than a color such as red.
A Saturatedcolorc red has no white in it



VIDEG&Chrominance

A By varying the magnitude of the three electrical signals that energizes RGB phosphors, different colors are seen
A When0.299R+0.587G+0.1148the proportion for the color white to be produced on the display screen

A Sincelumi of a source is a function of tremount of white lightit contains, for any color source itsmi can be determined by
summing togetherthe three primary componentshat make up the color in this proportion

A Ys amplitude of the luminance signa¥s= 0.299Rs+0.587Gs+0.114Bs
A Rs,Bs,Gg magnitudes of the three color component signals that make up the source
A Luminance signa a measure of the amount of white light it contains

A Two other signalg blue chrominance@h and red chrominance (Cr) used to represent the coloratibne and saturation.
These are obtained by the two color difference signals.

A Cb=BsYs and Cr=R¥s

A As 'Y is subtracted contains no brightness info

A G can be readily computed from these two signals.

A The combination of the three signalsChand Cr contains all the information that is needed to desc a color signal

A This iscompatible with the monochrome televisionshichuse the luminance signal only.



VIDE®Chrominance components

ASmall difference is seen between the two systefinserms of magnitude
used for two chrominance signals

ABW for both monochrome and color T\&se thesame

ATo fit YCband Cr signals in the same BW, theee signals must be
combinedfor transmission. Resultinge@mposite video signal

AlIf two color difference signals are transmitted at theitg magnitudes
amplitude oflumin signals > equivalent monochrome signdhisleadsto
degradation in the quality of monochrome picturand hence is
unacceptable

ATo overcome thignag of two colours signals are scaled dov8taling factor
used for both is differentas they have different level of luminance.

A Colordifference signals are referred tiy diff symbolsin each system.



In PAL, the scaling factors are used for the three signals are:

PAL: Y=0.299 R+0.587 G+0.114 B
U=0.493 (B-Y)
V=0.877 (R-Y)

In Lhe.ciase.nf the NTSC system, the two color difference signals are co I
bined to form two different signals referred to as I and Q. The scaling facto
used are: ' '

NTSC: Y=0.299 R+ 0.587 G+0.114 B
1=0.74 (R-Y)-0.27 (B-Y)
Q=048 (R~ Y) +0.41 (B=Y)
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Derive the scaling factors used for both the Uand V (as used in PAL)
and Iand Q (as used in NTSC) color difference signals in terms of the
three R, G, B color signals.

Answer:

PAL: Y =0.299 R+ 0.587 G+ 0.114 B
U=0.493 (B-Y) and V=0.877 (R-Y)

Hence U=0.493B-0.493 (0.299 R+ 0.587G+0.114B)
=-0.147R-0.289 G+ 0.437B

and V=0.877TR-0.877 (0.299 R+ 0.587 G+ 0.114 B)
=0.615R-0.515G-0.1008B

NTSC: I =0.74 (R-Y) =027 (B-Y)
=0.74R-0.27B-0.47Y

= 0.599 R—0.276 G- 0.324 B

Q=048 (R-Y) +0.41 (B-Y)
-~ 0.48R+0.41B-0.89Y

= 0.212R-0.528 G+ 0.311 B
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VIDEQ Signal Bandwidth

ABW of transmission channel used for color broadcasts must be the same as that
for a monochrome bx

A So thetwo chrominance signals must occupy the same BW asltmin signal
ABaseband spectrum of a color TV signal in both systems are shown in fig

ALuminancesignal is idower freq signalsand hence occupy the lower part of the
spectrum

ATo avoid interference, thehrominance signalare first transmitted in theipper
part of the frequ spectrumusingtwo sepsub carriers

ATo restrict the BW used to the upper part of the spectrum, a smaller BW is used
for both chrominance signals.

AThe two have same frequency but varypimse90 degout of phase with each
other ¢ each modulatedndep. Hence they can use the same portion of
luminancefreq spectrum



VIDEQ Signal Bandwidth

Aln NTSC systertine eye is more responsive to | signal than the Q signal
Tomaxi the use ofavaiBWwhile at the same timenini the level ofinterf
with the lumi signal thel signal has a modulateBw of about 2 MHz an Q
signal hasw of about 1 MHZ.

AWith PAL Systenthelarger luminanceBW about 5.5 MHel to 4.2 MHz
allows both theU and Vichromsignals to have the same modulated BW
which is abouB MHz

AAudio/sound signais transmitted usingne or moresepsubcarriers
which are all just outside thieimi signal BW.

AMain audio subcarrieis formono soundand theauxi subcarriersare for
stereo sound When these are added to the baseband video signal, the
composite signal is callemdmplex baseband signal



Digital Video

Aln MM appln, the video need to be in thdigi format to store in
memory of computerto edit and integrate with other types.

AThoughanalogTVBXrequire mix up of the three signalsRGB digital
TVdigitizesthe three compo signalssepe prior to tx. Disadvis that
sameresoluin terms of samplingrate and bits per sample must be

usedfor all three signals

AResolution of the eye is less sensitive for color than it is for
luminance le. Thetwo chrominancesignalscan tolerate a reduced
resolution relative to that usedfor luminancesignal Thiscould save
the resulting bit rate and hencetx bw significantlycompto RGB



Digital Video

A Television studiog, use digital formof video signals ex. Conversions from one video format into another.

A In order to standardize this process and makehof TV prog internationally easi€FU-Radio communications
Branchformerly knownas Consultative Committee for Internation&adiocomm(CCIR) definedsid for digi of
video picturesknown asRecommendation CCi801.

A Small variation®f this have been done fatigitv bx, video telephony, video confThese are known adigitization
formats where the twochromsignals experience a reduced resolution relativdumi signal

A4:2:2 format CCIRsecofor TV studios)
A Origdigiformat used in Rec€CIR601 for use iV studios.

A The three compo video signals from a source in a studio can have Bywbd& MHz
for lumi signalandless than half for the twachromisign

A BW filtersof upto 6MHz forlumi sign and 3 MHz for the twahro sigwith amini
samprate of 12 MHz (2X BW) and 6MHz respectively

AIn the standarda linesamprate of 13.5Mhz for lumin and 6.75Mhz for the two
chro signalswas selectedindep of NTSC or PAL use



Digital Videet:2:2

A The 13.5 MHz is used since it is tlearestfrequ to 12 MHzwhich results in avhole no of
samples per lindor both 525 and 625 line system3he number o$amples per line chosen
Is 702and derived as follows.

A In 525 line system, the total line sweep tim&&56 microsecondbut during this time, the
beam is turned off set to black level f@trace of 11.56 microsecondgving anactive
sweep time of 52 microsec

A In 625 line system, total line sweep timesdmicrosecowith a blanking time 012 microsec
Wlthan active sweep time of 52 micro sétence in both cases, a sampling rate of 13.5 MHz
yields

A 52 X106 X 13.5 X 18=702 samples per line

A In practise, the number of samples per line is increasetR@by taking a slightly longer
active line time which results in a small number of black samples at the beginning and end of
each line for reference purpose

A Forthe two chrominance signalg set to half¢ 360 samples per line
A This results idY samples for every 2Cb and 2Cr samples giving the term 4:2:2
A 4:4:4 indicates theligibased on RGB Signals



Digital Video4:2:2 format

ANo of bits per samplés chosen to b& corresponding to 256 guantization
levels

AVertical resolution of all threavere chosen to be theame480 lines for
525 line systems and 576 lines with a 625 line systdinese are the
number of active lines in the system

ASince 4:2:2 imtenfor use in TV studiosion-interlaced scannings used at
a framerefr rate of either 60 Hz ( 525 lines) or 50 Hz (625 lines)

AThesamples are in fixeghosiwhich repeats fronframe to frame

AThe sampling is said to lsethogonaland the sample method orthogonal
sampling.

AFigure shows the sample positions.



Figure 2.21 Sample positions with 4:2:2 digitization format.
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Derive the bit rate and the memory requirements to store each frame
that result from the digitization of both a 525-line and a 625-line system
assuming a 4:2:2 format. Also find the total memory required to store a
1.5 hour movie/video.

Answer:

525-line system: The number of samples per line is 720 and the
number of visible lines is 480. Hence the resolution
of the luminance (Y) and two chrominance (C, and
C) signals are:
Y =720 x 480
C,, = G, =360 x 480

Bit rate: Line sampling rate is fixed at 13.5 MHz for Y and
6.75 MHz for both €, and C, all with 8 bits per
sample.

Hence: Bit rate = 13.5 X 10° x 8 + 2 (6.75 x 10° x 8) = 216 Mbps

Memory required: Memory required per line = 720 x 8 + 2 (360 x 8)
= 11520 bits or 1440 bytes

Hence memory per frame, each of 480 lines = 480 x 11520
= 5.5296 Mbits or 691.2 kbytes

and memory to store 1.5 hours assuming 60 frames per second:
=691.2 x 60 x 1.5 x 3600 kbytes
= 223.9488 Gbytes

625-line system:  Resolution: ¥Y=720 x 576
G, = G, =360 x 576

Bit rate = 13.5 x 10%x 8 + 2 (6.75 x 10° x 8) = 216 Mbps
Memory per frame = 576 x 11 520 = 6.635 55 Mbits or 829.44 kbytes

and memory to store 1.5 hours assuming 50 frames per second:
= 820.44 % 50 x 1.5 x 3600 kbytes

= 223.9488 Ghytes

It should be noted that, in practice, the bit rate figures are less than the
computed values since they include samples during the retrace times
when the beam is switched off. Nevertheless. as we can deduce from the
computed values, both the bit rate and the memory requirements are
very large for hath systems and it is for this reason that the varions

lower resolution formats have beemndsfnesini \Vineeth
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DIGITAL VIDEELR:0 FORMAT

A Derivative of 4:2:2 format and is useddigital video broadcasapplin

A IC_Sood pic quality is derived by using tteame set of chrominance samples for two consecutive
ines.

A As it is intended for bappln, interlaced scannings used and the absence of chrominance
samples in alternative lines is the origin of the term 4:2:0.

A Luminance resolution is the same but chrominance resolution:
A 525 line systemsg Y=720 X 480
Cb=Cr= 360 X 240
625 line systems- Y=720 X 576
Cb=Cr= 360 X 288

Bit rate in both systems with this format is
13.5 X 10X 8+2 (3.375 X ¥X 8) =162Mbps

Flickering is avoidetyy the receiver by using theame chrominance valuelsom the sampled linefor the missing lines

Flickering in large screen Tissreduced by RX storing the incoming digitized signals of each fieldemary buffer. A
refresh rate of doublethe normal rate-100/120 Hzs used with the stored set used for tsecond field



Figure 2.22 Sample positions in 4:2:0 digitization format.
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HDTV Formats

AHigh Definition TVassowith a number of alternative digitization
formats.

AResolution of 4/3 aspect ratio tubes cantgeto 1440 X 1152 pixels
and the resolution of those which relate to newer 16/9920 X 1152
pixels

AThe number of visible lines per frame is 1080. Both use 4:2:2(RR
50/60 Hz) for studio applications or 4:2:0 (25/30 Hz) format for bx
applications.

A1440 X 1152worst case bit rates are four times the values of the
other sections and proportionally higher for the wide screen format




Refresh| Lumi& Lumi& Chromi Scan | Application
rate Chromi Resolution in
Resolutio | 625 line

nin 525 | system

line
system

1 Source 4:1:1 Half Y= 360 X 240 Y= 360 X 288 6.75 X 10  Progress Picture quality as obtained
Intermediate 30Hz(525) Cb=Cr=180X  Cb=Cr=180 X 144 X8 ive with Video Cassette
Format (SIF) 25Hz(625) 120 +2(1.6875 (non- Recorder (VCRntended
--useshalf spatial (Subsampling) X10X8)= interlac  for storage applications
resolutionof 4:2:0 81 Mbps ed)
format-
subsampling
Half the refresh
ratec temporal
resolution

2 Common 4:1:1 Half Y= 360 X 288 SAME as Progress Video Conferencing
Intermediate 30Hz(525) Cb=Cr=180 X 144 SIF ive Applications
Format (CIF) 25Hz(625) (non- Linked Desktop PCs
--Derived from SIF ACIF: Y=720 X 576 interlac  single 64Kbps ISDN
-- combination of Cb=Cr= 360 X 288 ed) Channel.
spatial resolution Linked Video
used for SIF in 625 Conferencing Studies
line system and 16CIF: Y=1440 X 1152 Multiple 64Kbps
temporal Cb=Cr=720 X 576 channels (4 or 16)
resolution used in
525

3 Quarter CIF (QCIF) 4:1:1 15/7.5 e higogthiaiVineeth 3.375 X 10 Video Telephony 183

¢ Derived from CIF Cb=Cr=90 X 72 X8 applications
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Figure 2.23 Sample positions for SIF and CIF.

Figure 2.24 Sample positions for QCIF.
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PC VIDEO

A Multimedia applications involving videoVideo telephony and video conferencing etc.,
A To avoid distortion on a PC Screéar example for a display of N x N pixel525-hori resolution of 640
pixels per line, 625 line 768 pixels per line

A For PC Monitor where mixing live video with other info is seen, line sampling rate is modified .
A For 525 line sampling rate reduced frodB8.5MHz to 12.2727 MH&hile for625-14.75MHz

A In case oflesktop video telephonyand video conferencing, thédeo signals from the camera are
sampled at this rate prior to transmissioand hence displayed directly on screen.

A In case ofligitv bx a conversions necessarpefore the video is played

A PC monitorauseprogressive scanningather than interlaced scanning



Video Content

A In entertainment applicationthe content will be eithea BX TV Programr in avideo con-demandc digimovie download
from a server.

A Ininterpersonalappln- video conf /tele, video source derived from a video camerathedligitized sequence of pixels
relating to each framare tx across the network Aspixelsarerx at the destination they aredisplayed directly on either a
television screen or a computer monitor

A Ininteractive appln, the short video clipassowith the applnare obtained by plugging\adeo cameranto avideo capture
board with in the computer that prepares the contents. These si@ed in a fileto link to other page contents.

A Acomputer program may generate a videather than a camera. Thiséemputer animation/ computer graphics

A Manyspecialprogr lang are available for creating computer animatioBuch animations are represented ashia form of
animation program or a digital video

A Thedigivideo requiresnore memory and BW compareth a program form.

A The challenge here with program form is that the low level animation primitives in the program like move/rotate needs to
done very fast in order to produce smooth motion on the display. So additdsDalraphics accelerator processpasses
the sequence of low level primitives to accelerator processor at the appropriate rate.

A Acceleratorexecutes each set of primitives to produce the corresponding pixel image indbe RAMat the desired
refresh rate.



AUDIO COMPRESSION

A Pulse code Modulation/PCM

A Digitization process that involves sampling the analog audio signal/waveform at a minimum rate which is twice
that of maxfreq compo that makes up the signal.

A Bandlimited signal:

A If the BW of the comm channel is legisan that of the signal, then theampling rateis determ by the BW of
the comm channel.

A Speech signal:
A maxfreq compo is 10KHzand minsamprate is 20ksps(12 bits)
A Audio and music
A 20KHzand 40ksps1(6 bits)
A Stereophonic music
A -two signals need to be digitized 240kbps for a speech signal and 1.28Mbps for stereophonic music

A When the comm channels are with less BW availability, eitheathtto is sampled at a lower
rate or acompression algas used.

A First approach, quaIiLtJy of decodin_%g signal is reduced owing to the loss of the fngtpeomp
from the orig signal. Use dewer bitsresults in intro ohigher levels ofguannoise

A Hencea comprealgois used as aompaperceptual quality to that obtained with laigher
sampling rate but with aredu BW requirement



Differential PCM

A The range oflifference in amp of a signas much less comparetb the range of actual
a_mpllltu es Fewer bitsare required to encode such differences compared to a PCM
sigha

A Figure of encoder and decoder are shown
A Theregister R- a temp storage holgrevdigisample
A Subtractor helps to calculate the difference signal.

A Adder ¢ helps in updating the new register value by adding the computed difference
with the prevactual to calculate the current actual amplitude

A De(_:otder simply adds the received difference signal to grevcomputed signal held in
register

A Typical savings @PCMare limited to justl bit for a PCM voice signathich reduces
the bit rate requirement fron64 kbps to 56kbps.

A As the output of ADC is directly used, tieuracy of each computed diffesidual
signal)is determined by the accuracy of therev'signal/value reld in the register



Figure 4.1 DPCM principles: (a) encoder/decoder schematic;
(h) encoder timing.

(a)

DPCM signal encoder

DPCM signal decoder Tt

(b)

Sample N
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R, = R, + DPCM

3 Time

Ry, = current contents of register B and R} = new,/updated contents

decoder schematic.

‘ Figure 4.2 Third-order predictive DPCM signal encoder and
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Third Order Predictive DPCM Signal

A All ADC operations Rroduceqaan error and hence a string of positive errors will have a cumulative effect
on the accuracy of the value that is held in the register.

A As the errors could propagate, more sophisticated techniques have been developed for estimlating
knownas predictingC a more accurate version grev signal This is done by usingr@mber of
immediatelypreceding estimated signals not one

A Predictor coefficients; help in determining the proportions of the same

A Diff signal is computed by subtracting varying proportions of the last three predicted values from the current
digivalue output by ADC

A Ex.If C=0.5 and G=G=0.25,the contents of register R1 will be shifted right by 1 Mitycontents by 0.5)
antd tr%ebco’ar\lg)ecr:lts of other two by 2 bits. The sum of the three shifted values are sulefionigivalue
output by :

A R1 value shifted to R2, RR3. The new predicted value is shifted to R1 for next sample processing

A The decoder operates by adding the same proportions of the last three computed PCM signals to the
received DPCM signal.

A ézpﬁ;formanceequi to PCM is obtained by using only 6 bits for the diff signal which produces a bit rate of
pPS



ADAPTIVE DIFFERENTI

PCM

A The number of bits used for the diff signatsin bevaried

A
A

based on theampl of the signal le smaller bits to encode
small diff compared to large d€fADPCMTUT
Recommendation G.721

Diff from DPCM is thagight order predictoris used and the
no of bits used is varied.

Either 6 bits prod 32 kbps to obtain a better quality output
than with third order DPCM or 5 bits, producing 16 kbps if
lower bw is important

ITUTRecoG.722 prov detter sound qualitythan theprevat
the expense of added complexityAdded techsubband
coding

Input speech BW is ex from 50Hz to 7KHz comp witiKBz4
for a std PCM

This is useful inonferenceapplinto diff voices of[gr.iﬁgnr nt o .
members

Figure 4.3 ADPCM subband encoder and decoder schematic.
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AdaptiveDifferential PCM

A The two filters in thébegn - to allow for hi%her signal BW prior sampthe audio input
signalg one for 50Hz to 3.KHzand the other from 3.5KHz to 7 KHz.

A Input speech signal divided equally into twosepequalbw signals the first is lower
subbandsignal and the second the uppsubbandsignal.Eacls sampled and encoded
iIndeusing ADPCM, theamprate of uppersubbandc 16 kspsto allow higherfreq
compo.

A The use of twsubbanddhas the adv that diff bit rates can be used for each.

A Thefreq compo in the lowersubbandsignal has a higher perceptual intpat those in
higher sub band

A Operating bit rate can b4, 56 or 48 kbpguppersubbands 16kbps); receiver should
be able to divide them into two separate streams for decoding.

A The third std is ITJ Recommendation G.726

A Uses a sub band coding but with a spelatof 3.4Khz. Operating bit rate can be
40,32,24 or 16 kbps.



Adaptive Predictive coding

AHigher levels of compression can be achieved at higher levels of

complexity canbe obtained by makingpredic coeff adaptive-prin of APC
PredCoeffcontn change

AOptimum set of pred coeff contn vary asthey are a fn of characof audio

signalbeingdigi ex, actualfreq compothat makeup the signalat a parti
Instanceof time

ATheinp speechsignalis divided into fixed time segmentsand for each
segmenthe currentlyprevailingcharare determined

AThe optimum set of coeff are then computed and usedto predict more
accurately the prev signal This type of compr can reduce the BW
requirementsto 8 kbpswhile obtaininganaccepperceiveaguality



Linear Predictive Coding

AThe availability of inexpenDSPcircuits intro an alter appr ¢ where
the source simply analyzesthe audio waveform to determine a
selectionof the perceptualfeature it contain

ATheseare quan and sent and the destn usesthem together with a
soundsynto regena soundthat is perceptuallycomparablewith the
sourceaudio signal Thisis the basisof the linear predictive coding
tech.

AWith this genesound,very high levelsof compressionsachieved






