DATACOMMUNICATIONS
LECTURE NOTES

By R. P. Nayak

DATA COMMUNICATIONS

COURSE OBJECTIVE:

Data communications and networking is the fastest growing technologies in our culture today.

The course attempts

1. Toprovideaunifiedoverviewofthebroadfieldofdataandcomputercommunications.

2. Emphasizes basic principles and topics of fundamental importance concerning the

technologyandarchitectureofthisfield

3. Providesadetaileddiscussionofleadingedgetopics.

UNIT I:

INTRODUCTION TO DATA COMMUNICATIONS AND NETWORKING: Standards Organizations

forDataCommunications,LayeredNetworkArchitecture,OpenSystemsinterconnection,

Data Communications Circuits, Serial and parallel Data Transmission, Data communications

CircuitArrangements,DatacommunicationsNetworks,AlternateProtocolSuites.

SIGNALS, NOISE, MODULATION, AND DEMODULATION: Signal Analysis, Electrical Noiseand

Signal-to-NoiseRatio,AnalogModulationSystems, InformationCapacity,Bits,BitRate,Baud, and
M-ary Encoding, Digital Modulation.

UNITII:

METALLIC CABLE TRANSMISSION MEDIA : Metallic Transmission Lines, Transverse

Electromagnetic Waves, Characteristics of Electromagnetic Waves, Transmission Line

Classifications, Metallic Transmission Line Types, Metallic Transmission Line Losses.

OPTICALFIBERTRANSMISSIONMEDIA: AdvantagesofOpticalFiberCables,Disadvantagesof

OpticalFiberCables,Electromagneticspectrum,OpticalFiberCommunicationsSystemBlock

Diagram,OpticalFiberconstruction,PropagationofLightThroughanOpticalfiberCable,

Optical Fiber Modes and Classifications, Losses in Optical Fiber Cables, Light sources,

Light Detectors,Lasers.

DIGITALTRANSMISSION:PulseModulation,PulsecodeModulation,DynamicRange,Signal

Voltage—to-QuantizationNoiseVoltageRation,Companding,PCMLineSpeed, Time-Division

Multiplexing,Frequency-DivisionMultiplexing,Wavelength-DivisionMultiplexing

Unit 111

WIRELESSCOMMUNICATIONSSYSTEMS: ElectromagneticPolarization,RaysandWavefronts,

Electromagnetic Radiation, wave Attenuation and Absorption, Microwave Communications

Systems,SatelliteCommunicationsSystems.




TELEPHONEINSTRUMENTSANDSIGNALS: TheSubscriberLoop,StandardTelephoneSet,Basic
Telephone Call Procedures, Cordless Telephones, Caller ID, Electronic Telephones, Paging
systems.

THE TELEPHONE CIRCUIT: The Local Subscriber Loop, Units of Powers Measurement, Voice-
Frequency Circuit Arrangements,Crosstalk.

CELLULAR TELEPHONE SYSTEMS:
First-GenerationAnalogCellularTelephone,Personalcommunicationssystem,Second-
Generation Cellular Telephone Systems, N-AMPS, Digital Cellular Telephone,North



—_— ]

American Cellular and PCS Summary, Global system for Mobile Communications, Personal !
Communications Satellite System.

Unit IV:

DATA COMMUNICATIONS CODES, ERROR CONTROL, AND DATA FORMATS:Data
Communications Character Codes, Bar Codes, Error Control, Error Detection, Error
Correction,Character Synchronization.

Unit V:

DATA COMMUNICATIONS EQUIPMENT: Digital Service Unit and Channel Service Unit, Voice-
BandDataCommunicationModems,BellSystems-CompatibleVoice-BandModems,Voice-
BandModernBlockDiagram,Voice-BandModemClassifications,AsynchronousVoice-Band

Modems, Synchronous Voice-Band Modems, Modem Synchronization, Cable Modems, I
ProbabilityofErrorandBitErrorRate.

DATA-LINK PROTOCOLS: Data —Link Protocol Functions, Character —and Bit- Oriented I
Protocols,DataTransmissionModes,AsynchronousData—LinkProtocols,SynchronousData— I
LinkProtocols,SynchronousData—LinkControl,High—LevelData—LinkControl.

TEXT BOOKS: I
1.IntroductiontoDataCommunicationsandNetworking,WayneTomasi,PearsonEducation. I

I
I
I
I Reference Books
1.Data Communications and Networking, Behrouz AForouzan,Fourth Edition. TMH.
2.ComputerCommunicationsandNetworkingTechnologies,Gallow,SecondEditionThomson
3. Computer Networking and Internet, Fred Halsll, Lingana Gouda Kulkarni, Fifth Edition,
I Pearson Education
OUTCOMES
Upon completion of the subject, the student will be able to:
1 Understandunifiedoverviewofthebroadfieldofdataandcomputercommunications.
. Emphasizes basic principles and topics of fundamental importance concerning the
technologyUnderstandthearchitectureofthisfield
. Learndetaileddiscussionofleadingedgetopics.
l_______J
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PART A
INTRODUCTION TO DATA COMMUNICATIONS AND NETWORKING:
StandardsOrganizationsforDataCommunications
Layered NetworkArchitecture
Open Systemslinterconnection
Data CommunicationsCircuits
SerialandparallelDataTransmission
Data communications CircuitArrangements
Data communicationsNetworks
Alternate ProtocolSuites.
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PART B
SIGNALS, NOISE, MODULATION, AND DEMODULATION
% SignalAnalysis
[1 ElectricalNoiseandSignal-to-NoiseRatio
1 Analog ModulationSystems
[l InformationCapacity
J Bits, Bit Rate,Baud

] M-aryEncoding,DigitalModulation.
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Introduction to Data Communications:

InDataCommunications,datagenerallyaredefinedasinformationthatisstoredin
digitalform.Datacommunicationsistheprocessoftransferringdigitalinformationbetween two
or more points. Informationis defined as the knowledge or intelligence. Data
communicationscanbesummarizedasthetransmission,reception,andprocessingof
digitalinformation.Fordatacommunicationstooccur,thecommunicatingdevicesmustbe part
of a communication system made up of a combination of hardware (physical
equipment)andsoftware(programs).Theeffectivenessofadatacommunicationssystem
dependsonfourfundamentalcharacteristics:delivery,accuracy,timeliness,andijitter.

A data communications system has five components:

1. Message: The message is the information (data) to be communicated. Popular formsof
information include text, numbers, pictures, audio, andvideo.

2. Sender: The sender is the device that sends the data message. It can be a computer,
workstation, telephone handset, video camera, and soon.

3. Receiver: The receiver is the device that receives the message. It can be a computer,
workstation, telephone handset, television, and so on.

4. Transmission medium: The transmission medium is the physical path by which a message
travels from sender to receiver. Some examples of transmission media include twisted-pair
wire, coaxial cable, fiber-optic cable, and radiowaves.

5. Protocol: A protocol is a set of rules that govern data communications. It representsan
agreement between the communicatingdevices.

StandardsOrganizationsforDataCommunications

Anassociationoforganizations,governments,manufacturersandusersformthe
standards organizations and are responsible for developing, coordinating and maintaining
thestandards.Theintentisthatalldatacommunicationsequipmentmanufacturersand
users comply with these standards. The primary standards organizations for data
communicationare:

1. International Standard Organization(1SO)

ISOistheinternationalorganizationforstandardizationonawiderangeofsubjects.ltis
comprisedmainlyofmembersfromthestandardscommitteeofvariousgovernments
throughouttheworld.ltisevenresponsiblefordevelopingmodelswhichprovideshigh
levelofsystemcompatibility,qualityenhancement,improvedproductivityandreduced
costs.ThelSOisalsoresponsibleforendorsingandcoordinatingtheworkoftheother
standardsorganizations.

2. International Telecommunications Union-Telecommunication Sector (ITU-T)

ITU-TisoneofthefourpermanentpartsofthelnternationalTelecommunicationsUnion
basedinGeneva,Switzerland.lthasdevelopedthreesetsofspecifications:the Vseriesform
odeminterfacinganddatatransmissionovertelephonelines,the Xseriesfordata
transmissionoverpublicdigitalnetworks,emailanddirectoryservices;thelandQseries




DataCUnit-1 IntroductiontoDataCommunications

forintegratedServicesDigitalNetwork(ISDN)anditsextensionBroadbandISDN.ITU-T
membership consists of government authorities and representatives from many
countriesanditisthepresentstandardsorganizationfortheUnitedNations.

3. Institute of Electrical and Electronics Engineers(IEEE)

IEEE is an international professional organization founded in United States and is
compromisedofelectronics,computerandcommunicationsengineers.ltiscurrentlythe
world’s largest professional society with over 200,000 members. It develops
communication and information processing standards with the underlying goal of
advancing theory, creativity, and product quality in any field related to electrical
engineering.

4. American National Standards Institute(ANSI)
ANSI is the official standards agency for the United States and is the U.S voting
representative for the 1ISO. ANSI is a completely private, non-profit organization
comprisedofequipmentmanufacturersandusersofdataprocessingequipmentand
services.ANSImembershipiscomprisedofpeopleformprofessionalsocieties,industry
associations,governmentalandregulatorybodies,andconsumergoods.

5. Electronics Industry Association(EI1A)

ElAisanon-profitU.S.tradeassociationthatestablishesandrecommendsindustrial
standards.ElAactivitiesincludestandardsdevelopment,increasingpublicawareness,
andlobbyinganditisresponsiblefordevelopingtheRS(recommendedstandard)series
ofstandardsfordataandcommunications.

6. Telecommunications Industry Association(TI1A)

TlAistheleadingtradeassociationinthecommunicationsandinformationtechnology
industry. It facilitates business development opportunities through market
development,tradepromotion,tradeshows,andstandardsdevelopment.ltrepresents
manufacturers of communications and information technology products and also
facilitatestheconvergenceofnewcommunicationsnetworks.
7. Internet Architecture Board(IAB)

IAB earlier known as Internet Activities Board is a committee created by ARPA
(AdvancedResearchProjectsAgency)soastoanalyzetheactivitiesof ARPANETwhose
purposeistoacceleratetheadvancementoftechnologiesusefulforU.Smilitary.lABisa
technicaladvisorygroupofthelnternetSocietyanditsresponsibilitiesare:

I.  Overseesthearchitectureprotocolsandproceduresusedbythelnternet.

[l.  ManagestheprocessesusedtocreatelnternetStandardsandalsoservesasan
appealboardforcomplaintsregardingimproperexecutionofstandardization
process.

lll.  Responsibleforadministrationofthevariousinternetassignednumbers
IV.  ActsasarepresentativeforinternetSocietyinterestinliaisonrelationshipswith
otherorganizations.

V. Actsasasourceofadviceandguidancetotheboardoftrusteesandofficersof
InternetSocietyconcerningvariousaspectsofinternetanditstechnologies.
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8. Internet Engineering Task Force(lIETF)

ThelETFisalargeinternationalcommunityofnetworkdesigners,operators,vendors
andresearchersconcernedwiththeevolutionofthelnternetarchitectureandsmooth
operation of thelnternet.

9. Internet Research Task Force(IRTF)
ThelRTFpromotesresearchofimportancetotheevolutionofthefuturelnternetby

creatingfocused,long-termandsmallresearchgroupsworkingontopicsrelatedto
Internetprotocols,applications,architectureandtechnology.

Layered Network Architecture

Toreducethedesigncomplexity, mostofthenetworksareorganizedasaseriesof
layersorlevels,eachonebuildupononebelowit. Thebasicideaofalayeredarchitectureis
todividethedesignintosmallpieces.Eachlayeraddstotheservicesprovidedbythelower
layersinsuchamannerthatthehighestlayerisprovidedafullsetofservicestomanage
communications and run the applications. The benefits of the layered models are
modularity and clear interfaces, i.e. open architecture and comparability between the
differentproviders’components.Abasicprincipleistoensureindependenceoflayersby
definingservicesprovidedbyeachlayertothenexthigherlayerwithoutdefininghowthe
servicesaretobeperformed. Thispermitschangesinalayerwithoutaffectingotherlayers.
Thebasicelementsofalayeredmodelareservices,protocolsandinterfaces.Aserviceisa
setofactionsthatalayerofferstoanother(higher)layer.Protocolisasetofrulesthata
layer uses to exchange information with a peer entity. These rules concern both the
contentsandtheorderofthemessagesused.Betweenthelayersserviceinterfacesare
defined.Themessagesfromonelayertoanotheraresentthroughthoseinterfaces.

Inan-layerarchitecture,layernononemachinecarriesonconversationwiththe
layer n on other machine. The rules and conventions used in this conversation are
collectivelyknownasthelayer-nprotocol.Basically,aprotocolisanagreementbetweenthe
communicatingpartiesonhowcommunicationistoproceed.Five-layerarchitectureis
shownbelow;theentitiescomprisingthecorrespondinglayersondifferentmachinesare
calledpeers.Inotherwords,itisthepeersthatcommunicateusingprotocols.Inreality,no
dataistransferredfromlayernononemachinetolayernofanothermachine.Instead,
eachlayerpassesdataandcontrolinformationtothelayerimmediatelybelowit,untilthe
lowest layer is reached. Below layer-1 is the physical layer through which actual
communicationoccurs.
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~ Peer—to-peercommunications

Layer 5 Laver 5 protocol Layer 5
Layer 45 interfic
Layer 4] Layer 4 protocal " Laver 4
Laver 384 mterface
l Laser 304 interface I
Laver 3 Laver 3 protocel Layer 3
] L
‘E[ Lawper 273 interfice o Layer 203 intexface
Laver 2 Laver 2 protocol Laver 2
E Layer 102 interfsce E Layer 103 interfice
Laver 1 Layer 1 protocol Laver 1
Physical medium

With layered architectures, communications between two correspondinglayers
requiresaunitofdatacalledaprotocoldataunit(PDU).APDUcanbeaheaderaddedat
thebeginningofamessageoratrailerappendedtotheendofamessage. Dataflows
downwardthroughthelayersinthesourcesystemandupwardsatthedestinationaddress. Asdat
apassesfromonelayerintoanother,headersandtrailersareaddedandremoved from
thePDU. ThisprocessofaddingorremovingPDUinformationiscalled
encapsulation/decapsulation.Betweeneachpairofadjacentlayersthereisaninterface.
Theinterfacedefineswhichprimitivesoperationsandservicesthelowerlayerofferstothe
upperlayeradjacenttoit. Asetoflayersandprotocolsisknownasnetworkarchitecture.A
listofprotocolsusedbyacertainsystem,oneprotocolperlayer,iscalledprotocolstack.

Open Systems Interconnection (OSI)

International standard organization (ISO) established a committee in 1977 to
developarchitectureforcomputercommunicationandtheOSImodelistheresultofthis
effort.In1984,theOpenSystemsinterconnection(OSl)referencemodelwasapprovedas
aninternationalstandardforcommunicationsarchitecture. Theterm“open”denotesthe
abilitytoconnectanytwosystemswhichconformtothereferencemodelandassociated
standards.TheOSImodeldescribeshowinformationordatamakesitswayfromapplication
programmes(suchasspreadsheets)throughanetworkmedium(suchaswire)toanother
application programme located on another network. The OSI reference model dividesthe
problemofmovinginformationbetweencomputersoveranetworkmediuminto SEVEN
smaller and more manageable problems. The seven layers are:
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To translate, encrypt, and
compress data

Application

IntroductiontoDataCommunications

To allow access to network
resources

Presentation I

To establish, manage, and

Session ; ;
. . terminate sessions
To provide reliable process-to-
process message delivery and Transport I
error recovery To move packets from source
Network to destination; to provide
TR internetworking
To organize bits into frames; .
. . Data link
to provide hop-to-hop delivery )
To transmit bits over a medium;
Physical to provide mechanical and

electrical specifications

Thelower4layers(transport,network,datalinkandphysical—Layers4,3,2,and1)
areconcernedwiththeflowofdatafromendtoendthroughthenetwork. Theupperfour
layersoftheOSImodel(application,presentationandsession—Layers7,6and5)are
orientated more toward services to the applications. Data is Encapsulated with the
necessaryprotocolinformationasitmovesdownthelayersbeforenetworktransit.
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Aswithanylayeredarchitecture,overheadinformationisaddedtoaPDUinthe form
of headers and trailers. Each layer provides a service to the layer above it in the
protocolspecification.Eachlayercommunicateswiththesamelayer'ssoftwareorhardware on
othercomputers.

Layer T
A gt
.
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ghon | ASCTL PEG, NG
BOOTE XaBIOS, HCTE DNS
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| mmg i pas retity Laver & ¥} Network P IFX OGP
Fancimm [y mompns Y ) Dhata ik |Exbermet Token lina Fruvee Reley
l 7 Wi, Interinoes, Hils
alsrmybon bading #
* Sirvit lrvm
Laer 1
"
Laver |
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ULy g

g, Sfeark manspyeal, sprundy |

Physical Laver {the physical layer is responsible for transmitting individual bits from one node to the next}

The physical layer is the lowest layer of the OSI hierarchy and coordinates the
functions required to transmit a bit stream over a physical medium. It also defines the
procedures and functions that physical devices and interfaces have to perform for
transmission occur. The physical layer specifies the type of transmission medium andthe
transmissionmode(simplex,halfduplexorfullduplex)andthephysical,electrical,
functional and procedural standards for accessing data communication networks.

From data link layer To data link laye:

L T

[1T01010000000101111001] [1T01010000000101111001]

Physical I Physical
layer (j _w_ - layer

Transmission medium

Transmissionmediadefinedbythephysicallayerincludemetalliccable,opticalfibercable
orwirelessradio-wavepropagation.Thephysicallayeralsoincludesthecarriersystemused
topropagatethedatasignalsbetweenpointsinthenetwork.Thecarriersystemsaresimply
communicationsystemsthatcarrydatathroughasystemusingeithermetallicoroptical
fiber cables or wireless arrangements such as microwave, satellites and cellularradio
systems.
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Data-link Layer {the data link layer is responsible for transmitting frames from one node to the next}

Thedatalinklayertransformsthephysicallayer,arawtransmissionfacility,toa
reliablelinkandisresponsiblefornode-to-nodedelivery.ltmakesthephysicallayerappear
errorfreetotheupperlayer(networklayer).

From network layer To nstwaork layver

|

I | [

1
- Diata | T2 ‘ Frame - Data I T2 | Frarmoe

| | L ]

Data link layer Data link layer

Te physical layer From physical layer

Thedatalinklayerpackagesdatafromthephysicallayerintogroupscalledblocks,frames
orpackets.Ifframesaretobedistributedtodifferentsystemsonthenetwork,thedatalink
layeraddsaheadertotheframetodefinethephysicaladdressofthesender(source
address)and/orreceiver(destinationaddress)oftheframe.Thedata-linklayerprovides
flow-control, access-control, and error-control.

Network Laver {is responsible for the delivery of individual packets from the source host to the destination host}

Thenetworklayerprovidesdetailsthatenabledatatoberoutedbetweendevicesin
an environment using multiple networks, subnetworks or both. This is responsible for
addressing messages and data so they are sent to the correct destination, and for
translating logical addresses and names (like a machine name FLAME) into physical
addresses. This layer is also responsible for finding a path through the network tothe
destinationcomputer.

Frovm iranspant laver Tis Fmmn st layer
I L4 data LA dara
¥ i L 1
" 1 [ 1
T |
Metwork [ : [ : etwork
lay-er ! ] I ! lnyer
H2 ] Packet Packct H3 ]
| |
] E i
1 s 1
L L L
I T I
= 1 L 1
i . i
I L3 data I L3 dlnta
Tor data link layer Froan data fink laycr

Thenetworklayerprovidestheupperlayersofthehierarchywithindependencefromthe
data transmission and switching technologies used to interconnect systems. Networking
componentsthatoperateatthenetworklayerincluderoutersandtheirsoftware.
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Transport L aver {is responsible for delivery of a message from one process to another}

Thetransportlayercontrolsandensurestheend-to-endintegrityofthedatamessage
propagatedthroughthenetworkbetweentwodevices,providingthereliable,transparent

transferofdatabetweentwoendpoints.
To application layer

From application layer
I 1 I

P P
s (] N
’ ,1/! I\ \
- AL Do pax t
7 v T 1 ¥ ¥ T
\ E-egmems o L J \ v Segments
. ! RS

Data , ]-I41I

Data :1|4| Data :”4.

H4 Data | H4

Data Data

I
Transport ‘ 1 f t ' ) Transport
From network layer layer

To network layer
Transportlayerresponsibilitesincludesmessagerouting,segmenting,errorrecovery

andtwotypesofbasicservicestoanupper-layerprotocol:connectionorientedand
connectionless.ThetransportlayeristhehighestlayerintheOSlhierarchyintermsof

communicatonsandmayprovidedatatracking,connectionflowcontrol,sequencingof
data,errorchecking,andapplicationaddressingandidentification

layer

Session Laver {responsible fordialog control andsynchronization}
Session layer, some times called the dialog controller provides mechanism for

controllingthedialoguebetweenthetwoendsystems.ltdefineshowtostart,controland

endconversations(calledsessions)betweenapplications.

To presantation layer

From presentation layer
]

Session
layer
From transport layer

syn syn
[ I
Session
layer

To transport layer

Sessionlayerprotocolsprovidethelogicalconnectionentitiesattheapplicationlayer. These
applications include file transfer protocols and sending email. Sessionresponsibilities
include network log-on and log-off procedures and user authentication. Session layer
characteristicsincludevirtualconnectionsbetweenapplications,entities,synchronizationof
dataflowforrecoverypurposes,creationofdialogueunitsandactivityunits,connection

parameternegotiation,andpartitioningservicesintofunctionalgroups
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Presentation Laver {responsible for translation, compression, and encryption}

The presentation layer provides independence to the application processes by
addressinganycodeorsyntaxconversionnecessarytopresentthedatatothenetworkina
commoncommunicationsformat.ltspecifieshowend-userapplicationsshouldformatthe data.

From application layer To application layer

] 1

[ 1 I |

T - T

L | 1 |

Presentation l I Presentation
layer layesr

To sesslon layer From session layer

The presentation layer translated between different data formats and protocols.
Presentation functions include data file formatting, encoding, encryption and decryptionof
data messages, dialogue procedures, data compression algorithms, synchronization,
interruption, andtermination.

Application Layer {responsible for providing services to the user}

The application layer is the highest layer in the hierarchy and is analogous to the
general manager of the network by providing access to the OSI environment. The
applicationslayerprovidesdistributedinformationservicesandcontrolsthesequenceof
activitieswithinandapplicationandalsothesequenceofeventsbetweenthecomputer
applicationandtheuserofanotherapplication.

L] r

Liser ﬁ User #

Application [, Application
layer layer
X500 FTAM A0 X500 FTAM X A00
i
i

S E— S—

L7 data L7 data

To presentation layer From presentation layver

Theapplicationlayercommunicatesdirectlywiththeuser’'sapplicationprogram.User
application processes require application layer service elements to access thenetworking
environment.Theserviceelementsareoftwotypes: CASEs(commonapplicationservice
elements)satisfyingparticularneedsofapplicationprocesseslikeassociationcontrol,
concurrenceandrecovery.ThesecondtypeisSASE(specificapplicationserviceelements)
which include TCP/IP stack, FTP, SNMP, Telnet and SMTP.
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Data Communication Circuits

Theunderlyingpurposeofadigitalcommunicationscircuitistoprovideatransmissionpath
between locations and to transfer digital information from one station (node, where
computersorotherdigitalequipmentarelocated)toanotherusingelectroniccircuits.Data
communications circuits utilize electronic communications equipment and facilities to
interconnect digital computer equipment. Communication facilities are physical means of
interconnectingstationsandareprovidedtodatacommunicationsusersthroughpublic
telephonenetworks(PTN),publicdatanetworks(PDN),andamultitudeofprivatedata
communicationssystems.

Thefollowingfigureshowsasimpletwo-stationdatacommunicationscircuit. The
main componentsare:

Source: - This device generates the data to be transmitted; examples are mainframe
computer,personalcomputer,workstationetc. Thesourceequipmentprovidesameansfor
humanstoenterdataintosystem.

SourceSystem Destination System

A A

Trans-
mission
System

Trans-
mitter

estination

Source Receiver

(a) General block diagram

Workstation Modem \N/_/ Modem Server
Public Telephone Network

(b) Example

Transmitter:-Atransmittertransformsandencodestheinformationinsuchawayasto
produceelectromagneticsignalsthatcanbetransmittedacrosssomesortoftransmission
system.Forexample,amodemtakesadigitalbitstreamfromanattacheddevicesuchasa
personalcomputerandtransformsthatbitstreamintoananalogsignalthatcanbehandled by
the telephonenetwork.
Transmissionmedium:-Thetransmissionmediumcarriestheencodedsignalsfromthe
transmittertothereceiver.Differenttypesoftransmissionmediaincludefree-spaceradio
transmission(i.e.allformsofwirelesstransmission)andphysicalfacilitiessuchasmetallic  and
optical fibercables.
Receiver:-Thereceiveracceptsthesignalfromthetransmissionmediumandconvertsit
intoaformthatcanbehandledbythedestinationdevice.Forexample,amodemwill

10
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acceptananalogsignalcomingfromanetworkortransmissionlineandconvertitintoa digital
bitstream.

Destination:-Takestheincomingdatafromthereceiverandcanbeanykindofdigital equipment like
thesource.

Serial and Parallel Data Transmission

There are two methods of transmitting digital data namely parallel and
serjaltransmissions. In parallel data transmission, all bits of the binary data are
transmitted simultaneously.Forexample,totransmitan8-

bitbinarynumberinparallelfromoneunitto
another,eighttransmissionlinesarerequired.Eachbitrequiresitsownseparatedatapath.
Allbitsofawordaretransmittedatthesametime.Thismethodoftransmissioncanmovea
significantamountofdatainagivenperiodoftime.ltsdisadvantageisthelargenumberof
interconnectingcablesbetweenthetwounits.Forlargebinarywords,cablingbecomes
complexandexpensive.Thisisparticularlytrueifthedistancebetweenthetwounitsis
great.Longmultiwirecablesarenotonlyexpensive,butalsorequirespecialinterfacingto
minimize noise and distortion problems. Serial data transmission is the process of
transmitting binary words a bit at a time. Since the bits time-share the transmission
medium,onlyoneinterconnectingleadisrequired.

=« Parallel Transmission = Serial Transmission

(. The 8 bits are sent together : ————
= L - { The 8 bits ane sent

s _J.f.;,".;_' '.’K_\\‘_ i ? \_one dffe[a.nnther;j-' .rﬂ::
) \ | o
— ... 1 F 1
o ] |. e é } 1 i 0 0 (1,
- a— = s — i E
Sender i ! I :Ht'c:.-m1 sender 0 1 A » 0 Recewer
L5 | = 0 il 0
= = J " We need only 1
2 A [ 0 \_one line {wine). / 0
A N _" i
S k5N '
! > : B
Hhdodnmiaicusairind (" Parallel/serial (" Serial/parallel
e converter |/ \_ converter J/

Whileserialdatatransmissionismuchsimplerandlessexpensivebecauseoftheuse
ofasingleinterconnectingline,itisaveryslowmethodofdatatransmission.Serialdata
transmission is useful in systems where high speed is not a requirement. Parallel
communicationisusedforshort-distancedatacommunicationsandwithinacomputer,and
serialtransmissionisusedforlong-distancedatacommunications.

11
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Data Communication Circuit Arrangements

A data communications circuit can be described in terms of circuit configuration and
transmission mode.

Circuit Configurations
Datacommunicationsnetworkscanbegenerallycategorizedaseithertwopointor

multipoint. Atwo-pointconfigurationinvolvesonlytwolocationsorstations,whereasa
multipointconfigurationinvolvesthreeormorestations.

Link
Station Station

a. Point-to-point

Station Station

Link

Mainframe Station

b. Multipoint

A two-point circuit involves the transfer of digital information between a mainframe
computer and a personal computer, two mainframe computers or two data
communicationsnetworks.Amulti-pointnetworkisgenerallyusedtointerconnectasingle
mainframecomputer(host)tomanypersonalcomputersortointerconnectmanypersonal
computersandcapacityofthechanneliseitherSpatiallyshared:Devicescanusethelink
simultaneouslyorTimeshare:Userstaketurns

Transmission Modes
There are four modes of transmission for data communications circuits:

Direction of data

Maonitor

Mainframe

a. Simplex

Direction of data at time 1
Station l - Station l

Direction of data at time 2

b. Half-duplex

Direction of data all the time
Station ' Station i

c. Full-duplex

12
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Insimplexmode(SX),thecommunicationisunidirectional,asonaone-waystreet.
Onlyoneofthetwodevicesonalinkcantransmit;theothercanonlyreceive.Commercial
radiobroadcastingisanexample.Simplexlinesarealsocalledreceive-only,transmit-onlyor
one-way-onlylines.

Inhalf-duplex(HDX)mode,eachstationcanbothtransmitandreceive,butnotat
thesametime.Whenonedeviceissending,theothercanonlyreceive,andviceversa.The  half-
duplex mode is used in cases where there is no need for communication in both
directionsatthesametime;theentirecapacityofthechannelcanbeutilizedforeach
direction.Citizensband(CB)radioisanexamplewherepushtotalk(PTT)istobepressedor
depressedwhilesendingandtransmitting.

lex m EDX)(called duplex), both stations can transmit and receive
simultaneously. One common example of full-duplex communication is the telephone
network. Thefull-duplexmodeisusedwhencommunicationinbothdirectionsisrequired
allthetime.Thecapacityofthechannelmustbedividedbetweenthetwodirections.

Infull/fullduplex(F/FDX)mode,transmissionispossibleinbothdirectionsatthe
sametimebutnotbetweenthesametwostations(i.e.stationltransmittingtostation2,
whilereceivingfromstation3).F/FDXispossibleonlyonmultipointcircuits.Postalsystem
canbegivenasapersoncanbesendingalettertooneaddressandreceivealetterfrom
anotheraddressatthesametime.

Data Communications Networks

Anygroupofcomputersconnectedtogethercanbecalledadatacommunicationsnetwork,
andtheprocessofsharingresourcesbetweencomputersoveradatacommunications
networkiscallednetworking. Themostimportantconsiderationsofadatacommunications
networkareperformance transmissionrate,reliabilityandsecurity.

Network Components, Functions, and Features

Themajorcomponentsofanetworkareendstations,applicationsandanetworkthatwill
supporttrafficbetweentheendstations.Computernetworksallsharecommondevices,
functions,andfeatures,includingservers,clients,transmissionmedia,shareddata,shared
printersandotherperipherals,hardwareandsoftwareresources,networkinterfacecard
(NIC),localoperatingsystem(LOS)andthenetworkoperatingsystem(NOS).

Servers:Serversarecomputersthatholdsharedfiles,programsandthenetworkoperating
system.Serversprovideaccesstonetworkresourcestoalltheusersofthenetworkand
differentkindsofserversarepresent.Examplesincludefileservers,printservers,mail
servers, communication serversetc.

Clients: Clients are computers that access and use the network and shared network
resources.Clientcomputersarebasicallythecustomers(users)ofthenetwork,asthey
requestandreceiveservicefromtheservers.

SharedData:Shareddataaredatathatfileserversprovidetoclients,suchasdatafiles,
printeraccessprograms,ande-mail.
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SharedPrintersandotherperipherals:thesearehardwareresourcesprovidedtotheusers
ofthenetworkbyservers.Resourcesprovidedincludedatafiles,printers,software,orany
otheritemsusedbytheclientsonthenetwork.

Networkinterfacecard:Everycomputerinthenetworkhasaspecialexpansioncardcalled
networkinterfacecard(NIS),whichpreparesandsendsdata,receivesdata,andcontrols
dataflowbetweenthecomputerandthenetwork.Whiletransmitting, NICpassesframesof
dataontothephysicallayerandonthereceiverside,theNICprocessesbitsreceivedfrom
thephysicallayerandprocessesthemessagebasedonitscontents.

Localoperatingsystem:Alocaloperatingsystemallowspersonalcomputerstoaccessfiles,
printtoalocalprinter,andhaveanduseoneormorediskandCDdrivesthatarelocatedon
thecomputer.ExamplesareMS-DOS,PC-DOS,UNIX,Macintosh,0S/2,Windows95,98,XP
andLinux.

Networkoperatingsystem:theNOSisaprogramthatrunsoncomputersandserversthat
allowsthecomputerstocommunicateoveranetwork. TheNOSprovidesservicestoclients
suchaslog-infeatures,passwordauthentication,printeraccess,networkadministration
functionsanddatafilesharing.

Network Models

Computer networks can be represented with two basic network models: peer-to-peer
client/serveranddedicatedclient/server.Theclient/servermethodspecifiesthewayin
whichtwocomputerscancommunicatewithsoftwareoveranetwork.

Peer-to-peerclient/servernetwork:Here,allthecomputerssharetheirresources,suchas
hard drives, printers and so on with all the other computers on the network.Individual
resourceslikediskdrives,CD-ROMdrives,andevenprintersaretransformedintoshared,
collectiveresourcesthatareaccessiblefromeveryPC.Unlikeclient-servernetworks,where
networkinformationisstoredonacentralizedfileserverPCandmadeavailabletotens,
hundreds,orthousandsclientPCs,theinformationstoredacrosspeer-to-peernetworksis
uniquelydecentralized.Becausepeer-to-peerPCshavetheirownharddiskdrivesthatare
accessiblebyallcomputers,eachPCactsasbothaclient(informationrequestor)anda
server(informationprovider). Thepeer-to-peernetworkisanappropriatechoicewhen
therearefewerthan1Ousersonthenetwork,securityisnotanissueandalltheusersare
locatedinthesamegeneralarea.

The advantages of peer-to-peer over client-server NOSs include:

e Noneedforanetworkadministrator

e Networkisfast/inexpensivetosetup&maintain

e EachPCcanmakebackupcopiesofitsdatatootherPCsforsecurity.

o Easiesttypeofnetworktobuild,peer-to-peerisperfectforbothhomeandofficeuse.
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Dedicatedclient/servernetwork:Here,onecomputerisdesignatedasserverandtherest
ofthecomputersareclients.DedicatedServerArchitecturecanimprovetheefficiencyof
client server systems by using one server for each application that exists within an
organization.Thedesignatedserversstoreallthenetworkssharedfilesandapplications
programsandfunctiononlyasserversandarenotusedasaclientorworkstation.Client
computers can access the servers and have shared files transferred to them over the
transmissionmedium.Insomeclient/servernetworks,clientcomputerssubmitjobstoone of the
servers and once they process the jobs, the results are sent back to the client
computer.

In general, the dedicated client/server model is preferable to the peer-to-peer
client/server model for general purpose data networks.

Network Topologies

Incomputernetworking,topologyreferstothelayoutofconnecteddevices,i.e.howthe
computers, cables, and other components within a data communications network are
interconnected,bothphysicallyandlogically. Thephysicaltopologydescribeshowthe
networkisactuallylaidout,andthelogicaltopologydescribeshowthedataactuallyflow
throughthenetwork. Twomostbasictopologiesarepoint-to-pointandmultipoint. Apoint- to-
point topology usually connects two mainframe computers for high-speed digital
information. A multipoint topology connects three or more stations through a single
transmissionmediumandsomeexamplesarestar,bus,ring,meshandhybrid.

Startopology:Astartopologyisdesignedwitheachnode(fileserver,workstations,and
peripherals)connecteddirectlytoacentralnetworkhub,switch,orconcentrator.Dataona
star network passes through the hub, switch, or concentrator before continuing to its
destination.Thehub,switch,orconcentratormanagesandcontrolsallfunctionsofthe
network.ltalsoactsasarepeaterforthedataflow.

Advantages Disadvantages

Eauly sxpanded without dismuption | Raquires more cabls
to the network

Cable fatlure affects only 2 single A central connecting deviee allows
usar for a single point of fanlure
Easy to troublashoot and 1solate More difficulr to implement

;-rnhlam,
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Bus topology:Bus networks use a common backbone to connect all devices. A single
cable,(thebackbone)functionsasasharedcommunicationmediumthatdevicesattachor
tapintowithaninterfaceconnector.Adevicewantingtocommunicatewithanotherdevice
onthenetworksendsabroadcastmessageontothewirethatallotherdevicessee,butonly
theintendedrecipientactuallyacceptsandprocessesthemessage.Thebustopologyisthe
simplestandmostcommonmethodofinterconnectingcomputers.Thetwoendsofthe
transmissionlinenevertouchtoformacompleteloop.Abustopologyisalsoknownas
multidroporlinearbusorahorizontalbus.

Fie Server [ Advantages Disadvantages
Cheap and easy o mplement Nerwork disruption when computers ane
sided ar removed
Fsirire less cable A el i the cable will prevent all

ivstedms oo acces sing the network

Dot oot s 3y spebcialized nervork Dhfficudt o trouwhlesloon
Spment

Ring topology:In a ring network (sometimes called a loop), every device has exactly
twoneighboursforcommunicationpurposes.Allmessagestravelthrougharinginthe same
direction (either "clockwise"” or "counter clockwise"”). All the stations are
interconnected in tandem (series) to form a closed loop or circle. Transmissions are
unidirectionalandmustpropagatethroughallthestationsintheloop.Eachcomputeracts
likearepeaterandtheringtopologyissimilartobusorstartopologies.

Advantages Disadvantages
| Cable fanlts are eastly located, makung Expansion o the network can cause
| B
| troublethooting easer netwark disniption
| Ring networks are moderately easy o A single break in the cable can dismupt the
Lanstall L napveoee.

Meshtopology: Themeshtopologyincorporatesauniquenetworkdesigninwhicheach
computeronthenetworkconnectstoeveryother,creatingapoint-to-pointconnection
betweeneverydeviceonthenetwork.Unlikeeachoftheprevioustopologies,messagessenton
ameshnetworkcantakeanyofseveralpossiblepathsfromsourcetodestination.A
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mesh network in which every device connects to every other is called a full mesh. A
disadvantageisthat,ameshnetworkwithnnodesmusthaven(n-1)/2linksandeachnode
musthaven-11/Oports(links).

Advantages Disadvantages

Provides redundant paths between | Requires more cable than the other
devices LAN topologies

The network can be expanded Compheated unplementation
without disruption 1o currsnt uses

Hybridtopology: Thistopology(sometimescalledmixedtopology)issimplycombining
twoormoreofthetraditionaltopologiestoformalarger,morecomplextopology.Main
aimisbeingabletosharetheadvantagesofdifferenttopologies.

Computer
p— 2 =
- @
Compute . .‘}g Compute Computer
wor Y Ll Ol
network
\_ = - i
Comuter OComputer
L Bl . huB . HU Ny
s . W i " ~
o $ i o
linear bus

4
il

Hybrid ‘&<

< Computer

star network .W Computer
~‘ - e

Network Classifications

Onewaytocategorizethedifferenttypesofcomputernetworkdesignsisbytheirscopeor
;;cale.Commonexamplesofareanetworktypesare:
LAN - Local Area Network
WLAN - Wireless Local Area Network
WAN - Wide Area Network
MAN - Metropolitan Area Network

vV V VvV

SAN-StﬁrageAreaNetwork,SystemAreaNetwork,ServerAreaNetwork,orsometimesSmaIIArea
Networ

CAN - Campus Area Network, Controller Area Network, or sometimes Cluster Area Network

A\

PAN - Personal Area Network
DAN-DeskAreaNetwork

17




DataCUnit-1 IntroductiontoDataCommunications

MAM oo
Mook Backbone WAN
‘ WO App I\ Switch Router e
Servers
File
Equiprmaoni
Servers I" SAN Fiomm
. Emall I,/ . Lﬂ.-N . D
Local-area network ! Metropalitan-area network Wide-area network Servers B \ Office
(LAN) | MAN) (WAN) weo (il g
! ! Servors Othce

Office

Localareanetwork:Alocalareanetwork(LAN)isanetworkthatconnectscomputers
anddevicesinalimitedgeographicalareasuchashome,school,computerlaboratory,office
building,orcloselypositionedgroupofbuildings.LANsuseanetworkoperatingsystemto
provide two-way communications at bit rates in the range of 10 Mbps to 100 Mbps.In
additiontooperatinginalimitedspace,LANsarealsotypicallyowned,controlled,and
managedbyasinglepersonororganization.Theyalsotendtousecertainconnectivity
technologies,primarilyEthernetandTokenRing.

A focal area network -

interconnecting . i
anather local area -! |
network, the Internet, =5 kyg
and a mainframe h Workstation
computer 1 Workstabhion
-_. LAN 2
il | Swilch e

s GV ANY

e E
’ | = =
Reowuter -_I
Mainframe / == oy

Workstation
I l ﬁ Inlermet

6\dvantaqes of LAN:

Share resources efficiently

Individual workstation might survive network failure if it doesn’t rely upon others
Component evolution independent of system evolution

Support heterogeneous hardware/software

Access to other LANs and WANs

AN N N RN

High transfer rates with low error rates

Metropolitanareanetwork. AMANisoptimizedforalargergeographicalareathan
aLAN,rangingfromseveralblocksofbuildingstoentirecities.ltsgeographicscopefalls
between a WAN and LAN. A MAN might be a single network like the cable television
networkoritusuallyinterconnectsanumberoflocalareanetworks(LANs)usingahigh-
capacitybackbonetechnology,suchasfiber-opticallinks,andprovidesup-linkservicesto
wideareanetworksandthelnternet. MANstypicallyoperateatspeedsofl.5Mbpsto10
Mbpsandrangefromfivemilestoafewhundredmilesinlength.ExamplesofMANsare
FDDI(fiberdistributeddatainterface)andATM(asynchronoustransfermode).
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Wideareanetwork:\Wideareanetworksaretheoldesttypeofdatacommunications
network that provide relatively slow-speed, long-distance transmission of data, voice and
videoinformationoverrelativelylargeandwidelydispersedgeographicalareas,suchas
countryorentirecontinent. WANsinterconnectroutersindifferentlocations. AWANdiffers
fromaLANinseveralimportantways.MostWANs(likethelnternet)arenotownedbyany one
organization but rather exist under collective or distributed ownership and
management. WANSs tend to use technology like ATM, Frame Relay and X.25 for
connectivityoverthelongerdistances.

Globalareanetwork: AGANprovidesconnectionsbetweencountriesaroundtheentire
globe.Internetisagoodexampleandisessentiallyanetworkcomprisedofothernetworks
thatinterconnectvirtuallyeverycountryintheworld. GANsoperatefrom1.5Mbpsto100
Gbpsandcoverthousandsofmiles.

CampusAreaNetwork:-anetworkspanningmultipleLANsbutsmallerthanaMAN,suchasona
universityorlocalbusinesscampus.

StorageAreaNetwork:-
connectsserverstodatastoragedevicesthroughatechnologylikeFibreChannel.

SystemAreaNetwork:-Linkshigh-performancecomputerswithhigh-speedconnectionsinacluster
configuration.AlsoknownasClusterAreaNetwork.

Buildingbackbone:-ltisanetworkconnectionthatnormallycarriestrafficoetweendepartmental
LANswithinasinglecompany.ltconsistsofaswitchorroutertoprovideconnectivitytoother
networkssuchascampushbackbones,enterprisebackbones,MANs,WANsetc

Camusbackbone:-ItisanetworkconnectionusedtocarrytraffictoandfromLANslocatedin various
buildings on campus. It normally uses optical fiber cables for the transmission media
betweenbuildingsandoperatesatrelativelyhightransmissionrates.

Enterprisenetworks:-Itincludessomeoralloftheabovenetworksandcomponentsconnectedina
cohesive and manageablefashion.

Alternate Protocol Suites

TheprotocolsotherthanOSlthatareinwidespreadusedareTCP?IPandtheCiscothree-  layer
hierarchicalmodel.

TCP/IP Protocol Suite

TheU.S.DepartmentofDefense(DoD)createdthe TCP/IPreferencemodelbecauseit
wantedanetworkthatcouldsurviveanyconditions,evenanuclearwar.Transmission
ControlProtocol/InternetProtocol(TCP/IP){commonlyknownasinternetsuite}modelisa set of
communication protocols that allow communication across multiple diverse
networks.TCP/IPisahierarchicalprotocolcomprisedofeitherthreeorfourlayers.The
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three-layerversionofT CP/IPcontainsthenetwork,transportandapplicationlayers.Four
layerversionspecifiesthehosttonetworklayer.

0351 Reference Model TCPAP Conceptual Layers
Ej Application ] Comparing TCP/IP with OSI
< TCP/IP Model DS Model
[:EjPresantatian Application —
Session Application Prosentation |, /s stion
Ej Transport :-:—:- Tran rt ] o oo s i
P < e Transport [_ Transport
I-_ij Network |<=— Network J Internet Network
< R Data Link | D8ta Flow
Ej Data Link ) 7| Network Access | oMok Physical s
Ej Physical “_CQ' Interface

Thedesignersof TCP/IPfeltthatthehigherlevelprotocolsshouldincludethe session
andpresentationlayerdetails. Theysimplycreatedanapplicationlayerthathandleshigh-
levelprotocols,issuesofrepresentation,encoding,anddialogcontrol. TheTCP/IPcombines
allapplication-relatedissuesintoonelayer,andassuresthisdataisproperlypackagedfor
the nextlayer.

TheTCP/IPtransportlayerdealswiththequality-of-
serviceissuesofreliability, flowcontrol,anderrorcorrection.Oneofitsprotocols,thetransmiss
ioncontrolprotocol(TCP), provides excellent and flexible ways to create reliable, well-
flowing, low-error network communications.TCPisaconnection-
orientedprotocol. TheotherprotocolisUserDatagram
Protocol(UDP)whichisaconnectionlessprotocol.

Protocol Graph: TCP/IP

Application Layer

FTP [HTTP|[SMTP||DNS | |DNS | TFTP| sl

TCP UDP e Transport Layer
T
P o InternetLayer
p e
Your Many LANs
et | | T | [ « Network Access

Common TCP/IP Protocols
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Thepurposeofthelnternetlayeristosendsourcepacketsfromanynetworkonthe
internetwork and have them arrive at the destination independent of the path
andnetworkstheytooktogetthere.Thespecificprotocolthatgovernsthislayeriscalledthe
Internetprotocol(IP).Bestpathdeterminationandpacketswitchingoccuratthislayer.

Thenetworkaccesslayeralsocalledthehost-to-networklayerisconcernedwithall
oftheissuesofphysicallydeliveringdatapacketsusingframesorcells.

Differences between OSI and TCP/IP
>

TCP/IP combines the presentation and session layer issues into its application layer
>
N TCP/IP combines the OSI data link and physical layers into one layer

TCP/IP appears simpler because it has fewer layers

>
TCP/IPprotocolsarethestandardsaroundwhichthelnternetdeveloped,sothe TCP/IP
modelgainscredibilityjustbecauseofitsprotocols.Incontrast,typicallynetworksaren't
builtontheOSlprotocol,eventhoughtheOSImodelisusedasaguide.

Cisco Three Layer Model

Ciscohasdefinedahierarchicalmodelknownasthehierarchicalinternetworkingmodel.
Thismodelsimplifiesthetaskofbuildingareliable,scalable,andlessexpensivehierarchical
internetworkbecauseratherthanfocusingonpacketconstruction;itfocusesonthethree
functionalareas,orlayers,ofyournetwork.

Corelayer:Thislayerisconsideredthebackboneofthenetworkandincludesthehigh-end
switchesandhigh-speedcablessuchasfibercables.Thislayerofthenetworkdoesnot
routetrafficattheLAN.Inaddition,nopacketmanipulationisdonebydevicesinthislayer.
Rather,thislayerisconcernedwithspeedandensuresreliabledeliveryofpackets.

Distributionlayer:ThislayerincludesLAN-basedroutersandlayer3switches.Thislayer

ensuresthatpacketsareproperlyroutedbetweensubnetsandVLANsinyourenterprise.

This layer is also called the Workgroup layer. It also provides policy-based network

connectivity,including:

e Packetfiltering(firewalling):Processespacketsandregulatesthetransmissionof
packetsbasedonitssourceanddestinationinformationtocreatenetworkborders.

e QoS:Therouterorlayer3switchescanreadpacketsandprioritizedelivery,basedon
policiesset.

e AccessLayerAggregationPoint:Thelayerservestheaggregationpointforthedesktop
layerswitches.

e ControlBroadcastandMulticast: Thelayerservesastheboundaryforbroadcastand
multicastdomains.

o ApplicationGateways:Thelayerallowsyoutocreateprotocolgatewaystoandfrom
different networkarchitectures.

e Thedistributionlayeralsoperformsqueuingandprovidespacketmanipulationofthe
networktraffic.
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Accesslayer:Thislayerincludeshubsandswitches.Thislayerisalsocalledthedesktop
layerbecauseitfocusesonconnectingclientnodes,suchasworkstationstothenetwork.
Thislayerensuresthatpacketsaredeliveredtoendusercomputers.Attheaccesslayer,you can:

EnableMACaddressfiltering:Itispossibletoprogramaswitchtoallowonlycertain
systemstoaccesstheconnectedLANSs.

Createseparatecollisiondomains:Aswitchcancreateseparatecollisiondomainsfor
eachconnectednodetoimproveperformance.
Sharebandwidth:Youcanallowthesamenetworkconnectiontohandlealldata.

Handleswitchbandwidth:Youcanmovedatafromonenetworktoanothertoperform
loadbalancing.

The benefits of the Cisco hierarchical model includes:

>

>

HighPerformance:Youcandesignhighperformancenetworks,whereonlycertainlayersare susceptible
tocongestion.

Efficientmanagement&troubleshooting: Allowsyoutoefficientlyorganizenetworkmanagement
andisolatecausesofnetworktrouble.

Policy creation: You can easily create policies and specify filters and rules.

Scalability: You can grow the network easily by dividing your network into functional areas.

Behaviorprediction:Whenplanningormanaginganetwork,themodelallowsyoudeterminewhat
willhappentothenetworkwhennewstressesareplacedonit.
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Signals, Noise, Modulationand
Demodulation

Computerstransmitdatausingdigitalsignals,sequencesofspecifiedvoltagelevels.
Computers sometimes communicate over telephone lines using analog signals, which are
formedbycontinuouslyvaryingvoltagelevels.Electricalsignalscanbeinanalogordigital
form.Withanalogsignals,theamplitudechangescontinuouslywithrespecttotimewithno
breaksordiscontinuities.Asinewaveisthemostbasicanalogsignal.

Value Value
A A
Time i
a__ A " o L e
v V [
a. Analog signal b. Digital signal

Digitalsignalsaredescribedasdiscrete;theiramplitudemaintainsaconstantlevel
foraprescribedperiodoftimeandthenitchangestoanotherlevel.lfonlytwolevelsare
possible,itiscalledabinarysignal.Allbinarysignalsaredigital,butalldigitalsignalsarenot
necessarilybinary.Convertinginformationsignalstoadifferentformiscalled modulation
andthereverseprocessiscalleddemodulation. Themodulatingsignalistheinformation
andthesignalbeingmodulatedisthecarrier.

Twobasictypesofelectroniccommunicationssystemsareanaloganddigital.An
analogdigitalcommunicationssystemisacommunicationssysteminwhichenergyis
transmittedandreceivedinanalogformandarealsopropagatedthroughthesystemin
analog form. Digital communications covers a broad range of communications techniques
includingdigitaltransmissionanddigitalmodulation.

Signal Analysis

Mathematicalsignalanalysisisusedtoanalyzeandpredicttheperformanceofthecircuit
onthebasisofthevoltagedistributionandfrequencycompositionoftheinformationsignal.

Amplitude, Frequency and Phase

Acycleisonecompletevariationinthesignal,andtheperiodisthetimethewaveform
takestocompleteoncycle.Onecycleconstitutes360degrees(or2tradians).Sinewaves
canbedescribedintermsofthreeparameters:amplitude,frequencyandphase.
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Amplitude(A):Itisanalogoustomagnitudeordisplacement. Theamplitudeofasignalis
themagnitudeofthesignalatanypointonthewaveform.Theamplitudeofelectricalsignal
isgenerallymeasuredinvoltage. Themaximumvoltageofasignalinrespecttoitsaverage
valueiscalleditspeakamplitudeorpeakvoltage.

pﬂakamplitudﬁ Pﬂéﬂk'ﬁﬂ"Pﬂéﬂk amplitudﬂ

pf:riod T
B Vp

S P amplitudf:

IIIIHII"I’T]@

bl §

frequency | — L

T

Erequency (f): The time of one cycle of a waveform is its period, which is measuredin
seconds.Frequencyisthenumberofcyclescompletedpersecond. Themeasurementunit
forfrequencyisthehertz,Hz.1Hz=1cyclepersecond.Thefrequencyofthesignalcanbe
calculatedfromT=1/f

Phase(@): Thephaseofthesignalismeasuredindegreesorradianswithrespecttoa
referencepoint.Aphaseshiftof180degreescorrespondstoashiftofhalfacycle.

peaks simultaneous phace angle ©=90°
¥
7 !/\\ / | :\ x/\
/ '\\ f‘! \”\‘ 1
/ / \ Y Oy
A : aine waves of the same frequency which are B :aine waves of the same frequency whih are a
in phace quarter cyole (90%)out of phase

Aphaseshiftof360degreescorrespondstoashiftofonecompletecycle.lftwosine
waveshavethesamefrequencyandoccuratthesametime,theyaresaidtobeinphase,or

theyaresaidtooutofphase. Thedifferenceinphasecanbemeasuredindegrees,andis
called the phaseangle, &
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Periodic Signals

Asignalisperiodicifitcompletesapatternwithinameasurabletimeandischaracterized
byamplitude,frequencyandphase.Mathematically,asinglefrequencyvoltagewaveformis

v(t) =V sin(2mrft+ ), where
e v(b)istime-varyingvoltagesinewave
o Vispeakamplitudeinvolts
o fisfrequencyinhertz
e tistimeinseconds
e Oisphaseindegreesorradians

Itiscalledaperiodicwavebecause itrepeatsatauniformrate.Aseriesofsine,cosineor
squarewavesconstituteanexampleofperiodicwaves,whichcanbeanalyzedineitherthe
timedomainorthefrequencydomain.

Time domain: Time domain is a term used to describe the analysis of mathematical
functions, or physical signals, with respect to time. In the time domain, the signal or

function'svalueisknownforallrealnumbers,forthecaseofcontinuoustime,oratvarious

separate instants in the case of discrete time. An oscilloscope is a time-domain tool

commonlyusedtovisualizereal-worldsignalsinthetimedomain.Atimedomaingraph
showshowasignalchangesovertime.
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FrequencyDomain:frequencydomainisatermusedtodescribetheanalysisofmathematical
functionsorsignalswithrespecttofrequency,ratherthantime.Aspectrumanalyserisafrequency-
domain instrument which displays amplitude-versus frequency plot (called a frequency spectrum).
Thehorizontalaxisrepresentsfrequencyandtheverticalaxisamplitudeshowingaverticaldeflection
foreachfrequencypresentinthewaveform,whichisproportionaltotheamplitudeofthefrequency
itrepresents.

Time Frequency
A domain domain
3 J I
) | second »'l’ime 0 Frequ?:ncy
A A
5 5
b [ 1 1] I
ngle TR Freqlﬁncy
1 second
- »>
A A
5
C. | 3
Time 16 Freqt%ncy
’ |1 second o

Examplesfortimedomainandfrequencydomain

Complex Signals

Anyrepetitivewaveformthatiscomprisedofmorethanoneharmonicallyrelated
sineorcosinewaveiscalledanonsinusoidal,complexwave.Fourierseriesisusedto
analyzethecomplexperiodicwaves.

Eourierseries: TheFourierseriesisusedinsignalanalysistorepresentthesinusoidal
components of nonsinusoidal periodic waveforms. A Fourier series decomposes a periodic
functionorperiodicsignalintoasumofsimpleoscillatingfunctions,namelysinesandcosines.ltcan be
expressedas:

f(t) = Ag + A1 cosa + A2 cos2a + A3 cos3a + Ap cos na

+ Ag + B1 sinf} + B2 sin2f + B3sin3p+.......... Bn sinnf
Where a=B

Anyperiodicwaveformiscomprisedofanaveragedccomponentandaseriesof
harmonically related sines or cosine waves. A harmonic is an integral multiple of the
fundamentalfrequency.Fundamentalfrequencyisthefirstharmonicandequaltothe
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frequency(repetitionrate)ofthewaveform.Secondmultipleiscalledsecondharmonic,
thirdmultipleiscalledthirdharmonicandsoforth.

Wavesymmetry:ltdescribesthesymmetryofawaveforminthetimedomain,i.e.,its
relativepositionwithrespecttothehorizontal(time)andvertical(amplitude)axes.

Evensymmetry:lfaperiodicvoltagewaveformissymmetricabouttheverticalaxis,itissaid

tohaveaxes,ormirror,symmetryandiscalledanevenfunction.Forallevenfunctions,the
Bcoefficientsarezero.Evenfunctionsatisfytheconditionf(t)=f(-t)

N\
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Examples of Odd waves: sine wave and square wave
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Oddsymmetry:lfaperiodicvoltagewaveformissymmetricaboutalinemidwaybetweenthe
verticalaxisandthenegativehorizontalaxisandpassingthroughthecoordinateorigin,itis
saidtohavetopointorskew,symmetryandiscalledanoddfunction.Foralloddfunctions,
theacoefficientsarezero.Oddfunctionsatisfiesf(t)=-f(-t)

Y

= {1+, 4= ui2)

Half-wavesymmetry:lfaperiodicvoltagewaveformissuchthatthewaveformforthefirsthalf
cyclerepeatsitselfexceptwiththeoppositesignforthesecondhalfcycle,itiscalledtohave
half-wavesymmetry.Half-wavesymmetryimpliesthatthesecondhalfofthewaveisexactly
oppositetothefirsthalf. Afunctionwithhalf-wavesymmetrydoesnothavetobeevenor
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odd,asthispropertyrequiresonlythattheshiftedsignalisopposite.Half-wavefunctions
satisfytheconditionf(t)=-f(T+t)/2

Frequency Spectrum and Bandwidth

Thefrequencyspectrumofawaveformconsistsofallthefrequenciescontainedinthe
waveformandtheirrespectiveamplitudesplottedinthefrequencydomain.

Bandwidthofaninformationsignalissimplythedifferencebetweenthehighestandlowest
frequenciescontainedintheinformationandthebandwidthofacommunicationchannelis
thedifferencebetweenthehighestandlowestfrequenciesthatthechannelwillallowto pass
throughit.

Electrical Noise and Signal-To-Noise Ratio

Noiseisanydisturbanceordistortionthatcomesintheprocessofcommunication.Electrical
noiseisdefinedasanyundesirableelectricalenergythatfallswithinthepassbandofthe
signal.Anoisesignalconsistsofamixtureoffrequencieswithrandomamplitudes.Noisecan
originateinvariousways.Themostprevalentandmostinterferingtodatacommunication
signalsareman-madenoise,thermalnoise,correlatednoise,andimpulsenoise.

Man-madenoise:Itisthekindofnoiseproducedbymankind. Themainsourcesarespark-
producingmechanismslikecommutatorsinelectricmotors,automobileignitionsystems,ac
power-generatingandswitchingequipment,andfluorescentlights.Itisimpulsiveinnature
andcontainsawiderangeoffrequenciespropagatedinthefreespaceliketheradiowaves. Man-
made noise is most intense in more densely populated areas and sometimes is
referredtoasindustrialnoise.

Thermalnoise:Thisisthenoisegeneratedbythermalagitationofelectronsinaconductor.
Itisalsoreferredtoaswhitenoisebecauseofitsuniformdistributionacrosstheentire
electromagnetic frequency spectrum. Noise power density is the thermal noisepower

present in a 1-Hz bandwidth and is given by Ng = KT.

Thermal noise is independent of frequency and thus thermal noise present in any
N =KTB

bandwidth is where N is thermal noise power in watts, K is Boltzmann's

8onstantinjouIesperKerin,Tistheconductortemperatureinkelvin(OK:-,andBis 273 C)
thebandwidthinhertz.NoisepowerisoftenmeasuredindBm.Fromtheequationabove,
noisepowerinaresistoratroomtemperature,indBm,is:Ngsm=-174dBm+10logB

Correlatednoise:thisnoiseiscorrelatedtothesignalandcannotbepresentinacircuit
unlessthereisasignal.Correlatednoiseisproducedbynonlinearamplificationandincludes
harmonic distortion and intermodulation distortion. Harmonic distortion occurs when
unwantedharmonicsofasignalareproducedthroughnonlinearamplificationandisalso
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calledamplitudedistortion.Intermodulationdistortionisthegenerationofunwantedsum
anddifferencefrequenciesproducedwhentwoormoresignalsareamplifiedinanonlinear
device.

Impulsenoise:Thisnoiseischaracterizedbyhigh-amplitudepeaksofshortdurationinthe
totalnoisespectrum.ltconsistsofsuddenburstsofirregularlyshapedpulsesthatgenerally  last
between a few microseconds and several milliseconds, depending on their amplitude
andorigin.Incaseofvoicecommunications,impulsenoiseisveryannoyingasitgeneratesa
sharppoppingorcracklingsoundwhereasitisdevastatingindatacircuits.

Signal-to-noisepowerratio:Signal-to-noiseratio(oftenabbreviated SNRorS/N)isdefined
astheratioofsignalpowertothenoisepowercorruptingthesignal.Aratiohigherthan1:1
indicatesmoresignalthannoise.Signal-to-noiseratioisdefinedasthepowerratiobetween

signal(meaningfulinformation)andthebackgroundnoise
(unwantedsignal)

SNR. = Psignal

P,.i<e WherePisaveragepowerinwatts. Theratiooftenexpressedin
decibelsasS/Nsm)=10log(Ps/PN)

Analog Modulation Systems

Asinewavehasthreemaincomponents:amplitude,frequencyandphaseandcan
beexpressedasv(t)=Vsin(2mft+0).Iftheinformationsignalisanalogandtheamplitude
(V)ofthecarrierisvariedproportionaltotheinformationalsignal,amplitudemodulation(AM)
is produced. If the frequency (f) is varied proportional to the information
signal,frequencymodulation(FM)isproducedandifthephase(0)isvariedproportionaltoth
e information signal, phase modulation(PM) is produced. Frequency and
phasemodulation aresimilarandoftencombinedandaresimplycalledanglemodulation.

Conversion
methods

Digital/digital Analog/digital Digital/analog Analog/analog

Theprocessofimpressingrelativelylow-frequencyinformationsignalsontoahigh-
frequencycarriersignaliscalledmodulationandthereverseprocessiscalleddemodulation.

Analogmodulationisusedforthetransmissionofconventionalanalogsignals,such
asvoice,music,andvideoandnotparticularlyusefulfordatacommunicationsystems.
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Amplitude Modulation

Amplitude modulation is the process of changing the amplitude of a relatively high
frequencycarriersignalinproportiontotheinstantaneousvalueofthemodulatingsignal
(information). AMmodulatorsaretwo-inputdevices,oneofthemisasingle,relativelyhigh
frequency carrier signal of constant amplitude and the second is the relatively low-
frequencyinformationsignal. ThefollowingfigureshowsgenerationofAMwaveformwhen
asingle-frequencymodulatingsignalactsonahighfrequencycarriersignal.
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AdvantagesofAMaresimpletoimplement,needsacircuitwithveryfewcomponentsand
inexpensive.Thedisadvantagesincludeinefficientpowerusageanduseofbandwidthand
alsopronetonoise.ThetotalbandwidthrequiredforAMcanbedeterminedfromthe

bandwidth of the audio signal: Bam = 2B
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Angle Modulation

Anglemodulationresultswheneverthephaseangleofasinusoidalsignalisvariedwith
respecttotimeandincludesbothFMandPM.Wheneverthefrequencyofacarriersignalis
varied,thephaseisalsovariedandviceversa.lfthefrequencyofthecarrierisvaried
directlyinaccordancewiththeinformationsignal,FMresults,whereasifthephaseisvaried
directly, PMresults.

Wﬂ;ﬂﬁﬁﬁ\w” == e "Miiwﬁﬁrﬁ"‘*‘l[ i__ ] gitia
Rest GGViauon

A AT P AT
R vam\”uv
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+ deviation
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FIGURE 216 Phase and frequency modulation of a sine-wave carrier by a sine-wave signal: (a) unmodulated
carrier; (b) modulating signal; (c) frequency-modulated wave; (d) phase-modulated wave

TheabovefigureshowstheFMandPMofasinusoidalcarrierbyasingle-frequency
modulating signal. Both FM and PM waveforms are identical except for their time
relationship (phase). With FM, the maximum frequency deviation occurs during the
maximumpositiveandnegativepeaksofthemodulatingsignal. WithFM,themaximum
frequencydeviationoccursduringthezerocrossingsinthemodulatingsignal.
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Amplitude

Amplitude
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FM signal PM signal

Time Time
ComparisonofFMandPM

AnimportantfeatureofFMandPMisthattheycanprovidemuchbetterprotectiontothe
messageagainstchannelnoisewhencomparedtoAM.Alsobecauseoftheirconstant
amplitudenature,theycanwithstandnonlineardistortionandamplitudefading.

InformationCapacity,Bits.BitRate.Baud.and M-
ARYEncoding

Informationcapacityisameasureofhowmuchinformationcanbepropagated
throughacommunicationsystemandafunctionofbandwidthandtransmissiontime. It
representsthenumberofindependentsymbolsthatcanbecarriedthroughasystemina
givenunitoftime.Themostbasicdigitalsymbolusedtorepresentinformationisthebinary
digit, or bit. Bit rate is simply the number of bits transmitted during 1 second and is
expressedasbitspersecond(bps).

R.Hartley developed a useful relationship among bandwidth, transmission time and
informationcapacitycalledHartley’slawgivenby:
1 a B xt

Where, | is the information capacity in bps, B is bandwidth in hertz and t is transmission time in sec’s
Relation between information capacity of a communication channel to a bandwidth
andsignal-to-noiseratioisgivenbyClaudeE.Shannon.Thehigherthesignal-to-noiseratio,
thebettertheperformanceandalsoinformationcapacityishigher.TheShannonlimitof
information capacityis

1=Blogz2 (1+S/N) or I = 3.32 B log1o (1 + S/N)

Wherelisinformationcapacityinbps,BisbandwidthinhertzandS/Nissignaltonoise ratio.
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M-ary Encoding

M-ary is a term derived from the word binary. M simply represents a digit that
corresponds to the number of conditions, levels, or combinations possible for a given
numberofbinaryvariables.Forexample,adigitalsignalwithfourpossibleconditionsisan M-
arysystemwhereM=4andifthereareeightpossibleconditions,thenM=8.Thenumber
ofbitsnecessarytoproduceagivennumberofconditionsisexpressedmathematicallyas:

. . N : . .
N=log2MoritcanbewrittenasM=2"",whereNisnoofbitsnecessaryandMisnumber
ofconditions,IevelsorcombinatilonspossibIewithNbits.Fromtheequation,itcanbesaid

2
thatifthereisonebit,only2 or two conditions are possible. For twobits2  orfour
conditions are possible.

Baud and Minimum Bandwidth

Baud,likebitrateisarateofchange.Baudreferstotherateofchangeofthesignal
onthetransmissionmediumafterencodingandmodulationhaveoccurred.Baudisthe
reciprocal of the time of one output signalling element, and a signalling element may
representseveralinformationbits.Baudisalsotransmittedoneatatimeandabaudmay
representmorethanoneinformationbit.So,thebaudofthedatacommunicationssystem
maybeconsiderablylessthanthebitrate.

AccordingtoH.Nyquist,binarydigitalsignalscanbepropagatedthroughanideal
noiselessmediumatarateequaltotwicethebandwidthofthemedium.Theminimum
theoretical bandwidth necessary to propagate a signal is called the minimum Nyquist
bandwidthorsometimestheNyquistbandwidth.Usingmultilevelsignalling,theNyquist

formulationforchannelcapacityisfpb=Blog2Mwhere,fpischannelcapacityinbps,Bis

minimumNyquistbandwidthinhertzandMisnoofdiscretesignalorvoltagelevels.IfNis
substituted, weget

B = baud = fp/N, where N is number of bits encoded into each signalling element.

Digital Modulation

Digitalmodulationisthetransmissionofdigitallymodulatedanalogsignalsbetween
twoormorepointsinacommunicationssystem.AnalogandDigitalmodulationsystemsuse
analogcarrierstotransportinformationthroughthesystem,butdigitalmodulationuses
digitalmodulating(information)signal. Analogsystemsuseanalogsignalonly.In,v(t)=V
sin(2mft+8),iftheinformationsignalisdigitalandamplitude(V)ofthecarrierisvaried
proportionaltotheinformationsignal,adigitallymodulatedsignalcalledamplitude-shift
keying(ASK)isproduced.lfthefrequency(f)isvariedproportionaltotheinformationsignal,
frequency-shiftkeying(FSK)isproducedandifthephaseisvariedproportionaltothe
informationsignal,phase-shiftkeying(PSK)isproduced.Ifbothamplitudeandphaseare
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varied proportional to the information signal, quadrature amplitude modulation(QAM)

results.

encoding

Digital/analog |

|
| Fsk | psk |

....... N QAM |+-_------”

Digitalmodulationisideallysuitedtoamultitudeofcommunicationsapplicationsincluding
bothcableandwirelesssystems.Applicationsincluderelativelylow-speedvoice-banddata
communications systems, high-speed data transmission systems, digital satellite
communicationsystemsandpersonalcommunicationsystems(PCS).

Modulation format Application
MSK GMSK GSM. CDPD
e
BPSK Deep space telemetry, cable modems

OPSK. ™/, DOPSK

0QPSK
FSK GFSK

8PSK

16 GAM
32 GAM
64 0AM
256 QAM

Satellite, COMA, NADC, TETRA, PHS, PDC, LMDS, DVB-S, cable (return
path), cable modems, TFTS

COMA, satellite

DECT. paging, RAM mabile data, AMPS, CT2. ERMES. land mobile,
public safety

Satellite, aircraft. telemetry pilots for monitoring broadband video systems
Microwave digital radio, modems, DVB-C, DVE-T
s . i
Terrestnal microwave, QYE-T
DVB-C. modems, broadband set top boxes, MMDS
Modems, DVB-C (Europe), Digital Video (US)

Amplitude-Shift Keving

Itisthesimplestdigitalmodulationtechniquewhereabinaryinformationsignaldirectly
modulatestheamplitudeofananalogcarrier.Onlytwooutputamplitudesarepossibleand
ASKissometimescalledasdigitalamplitudemodulation(DAM).Amplitudeshiftkeyingis
giveninmathematicaltermsas:

Where vask(t) is amplitude-shift keying wave, vm(t) is digital modulation (modulating) signal

Vask(t) = [ 1+ vi(t) 1[ A/2 cos(exct)]

in volts, A/2 is unmodulated carrier amplitude in volts and ¢ is analog carrier radian
frequency in radians per second.
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Digital
information

Carrier wave

ASK
modulated
signal

L]
Amplitude varying-
frequency constant

Carrier present Carrier absent

In the above equation, for the modulating signal vm(t), logic 1 is represented by +1V

andlogicQOisrepresentedby-1V.Sothemodulatedwavevgsk(t)iseitherAcos(mct)orOi.e.,
thecarrieriseitheronoroff. ASKissometimesreferredason-offkeying(OOK).Therateof
changeoftheASKwaveform(baud)isthesameastherateofchangeofthebinaryinput
makingbitrateequaltobaud.WithASK thebitrateisalsoequaltotheminimumNyquist
bandwidth.
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Modulation of analog signals for digital data,
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Frequency Shift Keying

FSK is another simple, low-performance type of digital modulation. It is similar to FM,
exceptthemodulatingsignalisabinarysignalvaryingbetweentwodiscretevoltagelevels.
FSK is sometimes called as binary FSK (BFSK). FSK is generally expressed as

Visk(t) = V¢ cos{ 2x[fc + vim(DATF]t }

Wherevssk(t)isbinaryFSKwaveform,Vcispeakanalogcarrieramplitudeinvolts,fcis analog
carrier center frequency in hertz, fis peak change or shift in the analogcarrier

frequencyandvm(t)isbinaryinput(modulating)signalinvolts.Forlogicl,vm(t)=+1and
forlogicO,vm(t)=-1 reducingtheequationto v (t)= Ve  cosf{2xn[fc +  f]t}and
visk(t) = Vccos{2m[fe- f]t}

AsthebinarysignalchangesfromalogicOtoalogiclandviceversa,theoutputfrequency
shiftsbetweentwofrequencies:amark,orlogiclfrequency(fm)andaspaceorlogicO

frequency(fs). Themarkandspacefrequenciesareseparatedfromthecarrierfrequencyby
thepeakfrequencydeviation(f)andfromeachotherby?2f.

'
L

Binary
_-J'|p|_|‘| 0 1 0 1 '..-l 1 I':| i 0 1 0

i | | | | binary [reguency

Analog [ [ input output
output I I - —_— —
i i I ] | | I i

3 # ¥y L 1 ! & ; {) . -
g 1hm o 'H:' 1Fmats .-rrr-- :z'r_-. fmiSs 1 FmiTs space {f)

| | mark (f,.)

fm. mark frequency; f.space frequency

FIGURE 94 FSK in the time domain: (a] waveform: (b)] truth table

WithFSK,frequencydeviationisdefinedasthedifferencebetweeneitherthemarkor
spacefrequencyandthecenterfrequencyorhalfthedifferencebetweenthemarkand

space frequencies. Frequency deviation can be expressed as f = |fy —fs| / 2
The baud for BFSK is determined by placing N =1, i.e., baud = fp/1 = fp
The minimum bandwidth for FSK is determined from,

B=| (fs-fb)-(fm-fb) |=| fs-fm | +2fb.But | fs-fm | =2A,

Therefore, B=2( f+fb),whereBisminimumNyquistbandwidth inhertzand  fis
frequency deviation and fp is input bit rate.
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Phase-Shift Keying

Phase-shiftkeying(PSK)isadigitalmodulationschemethatconveysdatabychanging,or
modulating,thephaseofareferencesignal(thecarrierwave).PSKusesafinitenumberof
phases;eachassignedauniquepatternofbinarydigits.Usually,eachphaseencodesan
equalnumberofbits.PSKisnotsusceptibletothenoisedegradationthataffectsASKorto
thebandwidthlimitationsofFSK.

Binaryphase-shiftkeyving: ThesimplestPSKtechniqueiscalledbinaryphase-shiftkeying
(BPSK),whereN=1andM=2.Therefore,withBP SKtwophasesarepossibleforthecarrier.
Itusestwooppositesignalphases(0and180degrees).Thedigitalsignalisbrokenup
timewiseintoindividualbits(binarydigits). Thestateofeachbitisdeterminedaccordingto
thestateoftheprecedingbit.Ifthephaseofthewavedoesnotchange,thenthesignal
statestaysthesame(Oorl).lfthephaseofthewavechangesbyl180degrees--thatis,if
thephasereverses--thenthesignalstatechanges(fromOtolorfroml1to0).Because there
are two possible wave phases, BPSK is sometimes called biphase modulation or
phase-reversal keying(PRK).

BE e 5 Fladie] #ade: 5

s e R

Eihx Covnabis | latloms o lageraiy

- -

MoresophisticatedformsofPSKexist.InM-aryormultiplephase-shiftkeying(MPSK),there
aremorethantwophases,usuallyfour(0,+90,-90,and180degrees)oreight(0,+45,-45,
+90,-90,+135,-135,and180degrees).Iftherearefourphases(m=4),theMPSKmodeis
calledquadraturephase-shiftkeyingorquaternaryphase-shiftkeying(QPSK),andeach
phaseshiftrepresentstwosignalelements.Ifthereareeightphases(m=8),theMPSK
modeisknownasoctalphase-shiftkeying(OPSK),andeachphaseshiftrepresentsthree
signalelements.InMPSK,datacanbetransmittedatafasterrate,relativetothenumberof
phasechangesperunittime,thanisthecaseinBPSK.

QPSKisanM-aryencodingschemewhereN=2andM=4,whichhasfouroutputphases
arepossibleforasinglecarrierfrequencyneedingfourdifferentinputconditions.Withtwo
bits,therearefourpossibleconditions:00,01,10,and11.WithQPSK,thebinaryinputdata
arecombinedintogroupsoftwobitscalleddibits.
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Amlinats
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Theabovefigureshowstheoutputphase-versus-timerelationship,truthtable,and
constellatlondlagramforQPSK Aphaseof0 "nowrepresents00;90 represents01; 180

representslo,and270representsll.DatacanbetransmlttedtW|ceasefhmentlyu5|ng4-
PSK than 2-PSK.

With8-PSKthreebitsareencodedformingtribitsandproducingeightdifferent
outputphases.With8-PSK,N=3,M=8,andtheminimumbandwidthandbaudequalone
thirdthebitrate(fp/3).8-PSKis3timesasefficientas2-PSK.
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With16-PSK,fourbitscalledquadbitsarecombined,producingl6differentoutputsphases.
With16-PSK,N=4,M=16,andtheminimumbandwidthandbaudequalone-fourththebit

rate (fo/4).

1EPSE constellation uith Gray mapping
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Modulation  Bit Rate Outputs Minimum  Baud
Scheme Efficiency |Possible Bandwidth
ASK N Single bit | 1 2 %, fb
FSK Single bit |1 2 >fp fb
BPSK Single bit |1 2 b fb
QPSK 2N Dibits 2 4 fp /2 fp 12
8-PSK 3N Tribits 3 8 fp /3 fp /3
16-PSK 4N Quadibits | 4 16 fo /4 fo /4

Quadrature Amplitude Modulation(QAM)

PSK is limited by the ability of the equipment to distinguish small differences in
phase.BandwidthlimitationsmakecombinationsofF SKwithotherchangespractically
useless.QuadratureamplitudemodulationisacombinationofASKandPSKsothata
maximumcontrastbetweeneachsignalunit(bit,dibit,tribit,andsoon)isachieved. QAMis
usedextensivelyasamodulationschemefordigitaltelecommunicationsystems. Theprimary
advantageofQAMoverPSKisimmunitytotransmissionimpairments,especiallyphaseimpairments
thatareinherentinallcommunicationsystems.

In4-QAMand8-QAM,numberofamplitudeshiftsisfewerthanthenumberofphaseshifts.
Becauseamplitudechangesaresusceptibletonoiseandrequiregreatershiftdifferencesthando
phasechanges,thenumberofphaseshiftsusedbyaQAMsystemisalwayslargerthanthenumber
amplitudeshifts.

of
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With16-QAM,therearel2phasesandthreeamplitudesthatarecombinedtoproducel6
different output conditions. With QAM, there are always more phases possible than
amplitude.

Bandwidth Efficiency

Bandwidthefficiencyisoftenusedtocomparetheperformanceofonedigitalmodulation
techniquetoanother.ltistherationoftransmissionbitratetotheminimumbandwidth
requiredforaparticularmodulationscheme.Mathematicallyrepresentedas:

Bn = transmission bit rate (bps) / minimum bandwidth (Hz)

Modulation  Encoding Scheme  Outputs Possible  Minimum Bandwidth  Baud B

ASK f;nu_:lr bl 2 Ih 'Ilf' I
FSK Single bil . Ih 1 I
BPSK smgle bit . /A 1, |
QPSK Dibits | [pla fple 2
§.PSK Tribits g i3 3 1
8-0AM Tribits 8 fiy 13 fir, 13 i
I6-PSK Quadbits Ib Ih 4 [ 14 4
16-0AM Quadbits Ib [ 14 fp, I+ |
32-PSK Five bils il l 5 I /5 5
04-0AM Six hits fud ;'h 6 fj, 16 fy

Note: Ih indicates a r1l.|~;‘l|i:'|1|r .‘L|:|.|: io the input hit rate
ASK,FSK,PSK,andQAMSUmmary
Trellis Code Modulation

DataTransmissionRatesinexcessof56kbpscanbeachievedoverstandardtelephone
circuitsusinganencodingschemecalledtrelliscodemodulation(TCM)developedby
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Dr.Ungerboeck.ltcombinesencodingandmodulationtoreducetheprobabilityoferror,
thusimprovingthebiterrorperformanceanditusesconventional(tree)codes.

Trelliscodingdefinesthemannerinwhichsignal-statetransitionsareallowedto
occur,andtransitionsthatdonotfollowthispatternareinterpretedastransmissionerrors.
TCMcanimproveerrorperformancebyrestrictingthemannerinwhichsignalsareallowed
totransition. TCMimprovesonstandardQAMbyincreasingthedistancebetweensymbols
ontheconstellation(calledEuclideandistance).

Appendix (some additional figures)
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DataCUnit-1 IntroductiontoDataCommunications

Assignment Questions

1. InQAMamplitudeandphaseofthetransmittedsignalarevaried-Justifyyouranswerwitha
blockdiagramandconstellationdiagram.

2. a.Explaintheimportanceofasynchronoustransmissionincommunication.
b. Write the comparison between asynchronous and synchronous data transmission

3. (a)Whatistopology?ExplaintopologiesinDataCommunications?
(b) Whatarethevarioustypesoftransmissionmodesandexplain.

4. (a)WhatisDataCommunications?ExplainbrieflyDatacommunicationcircuit.
(b) MentionsomestandardorganizationsforDataCommunications?

5. DrawOSlarchitecturalmodelforopensysteminternetworkingandexplain.

6. (a)ExplainaboutAnalogdata,Digitalsignalencodingtechnique.
(b) DifferentiatebetweenDataandSignals?

7. SketchthebinaryASK,FSK,PSK,andQP SKwaveformforthefollowingsequence1011.

a) ExplaintherelationshipbetweenbitspersecondandbaudforanFSKsystem.
b) DeterminethebandwidthandbaudforanFSKsignalwithamarkfrequencyof24kHzanda
bitrateof4kbps.
c) Explain the relationshipbetween
i) MinimumbandwidthrequiredforanFSKsystemandthebitrate
ii) Mark and spacefrequencies

8. a)Whatisaconstellationdiagram?HowitisusedwithPSK?

b) ExplaintheminimumbandwidthrequiredforaBP SKsystemandthebitrate.
c) ExplainM-ary.
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DataCUnit-2 MetallicCableTransmissionMedia

METALLI ABLE TRANSMISSION MEDIA:

Metallic Transmission Lines, Transverse Electromagnetic Waves, Characteristics of
Electromagnetic Waves, Transmission Line Classifications, Metallic Transmission Line
Types, Metallic Transmission Line Equivalent Circuit, Wave Propagation on Metallic
Transmission Lines, Metallic Transmission Line Losses.

Introduction
Thetransmissionmediumisthephysicalpathbetweentransmitterandreceiverinadata
transmissionsystem.ltisincludedinthephysicallayeroftheOSlprotocolhierarchy.The
transmission medium is usually free space, metallic cable, or fiber-optic cable. The
informationisusuallyasignalthatistheresultofaconversionofdatafromanotherform.

Transmissionmediacanbegenerallycategorizedaseitherunguidedorguided.
GuidedTransmissionMediausesa“cabling"system(orsomesortofconductor)thatguides
thedatasignalsalongaspecificpath. Thedatasignalsareboundbythe"cabling"system.
GuidedMediaisalsoknownasBoundMedia.Theconductordirectsthesignalpropagating
downit.Onlydevicesphysicallyconnectedtothemediumcanreceivesignalspropagating down
a guided transmission medium. Examples of guided transmission media are copper wire
and opticalfiber.

Transmission
media

|
I |

Guided Unguided
(wired) (wireless)
I |
Twisted-pair Coaxial Fiber-optic Free space
cable cable cable P

UnguidedTransmissionMediaconsistsofameansforthedatasignalstotravelbut
nothingtoguidethemalongaspecificpath. Thedatasignalsarenotboundtoacabling
mediaandassuchareoftencalledUnboundMedia.Unguidedtransmissionmediaare
wirelesssystems.Signalspropagatingdownanunguidedtransmissionmediumareavailable
toanyonewhohasadevicecapableofreceivingthem.

Aphysicalfacilityisonethatoccupiesspaceandhasweightasopposedtowireless
mediasuchasearth’satmosphereoravacuumandincludesmetalliccablesandoptical
cables. Metallic transmission lines includes open-wire, twin-lead, and twisted-pair copper
wire as well as coaxial cable, and optical fibers include plastic- and glass-core fibers
encapsulatedinvariouskindsofcladdingmaterials.

Metallic Transmission Lines

Atransmissionlineisametallicconductorsystemusedtotransferelectricalenergy from
one point to another using electrical current flow. It is two or more electrical
conductorsseparatedbyanonconductiveinsulator(dielectric).ltcanbeofvariedlengths
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varyingfromfewinchestoseveralthousandmiles.ltcanbeusedtopropagatedcorlow-
frequencyacandalsoveryhighfrequenciessuchasmicrowaveradio-frequencysignals.

Transverse Electromagnetic Waves

Thetwobasickindsofwavesarelongitudinalandtransverse.Withlongitudinal
waves,thedisplacementisinthedirectionofpropagation.Asurfacewaveorsoundwaves
canbesaidasexamplesoflongitudinalwaves.Withtransversewaves,thedirectionor
displacement is perpendicular to the direction of propagation. Electromagnetic waves are
transversewaves.

electric
field

magnetic

field
%

Propagation of electrical power along a transmission line occurs in the form of
transverseelectromagnetic(TEM)waves. TEMwavepropagatesprimarilyinthenon-
conductorthatseparatesthetwoconductorsofthetransmissionline. Theelectricfield(E)
andmagneticfield(H)areperpendiculartoeachotheratallpoints. Thisisreferredtoas
spaceorquadrature.Electromagneticwavesthattravelalongatransmissionlinefromthe
source to the load are called incident waves and those that travel from the load back
towardsthesourcearecalledreflectedwaves.

Characteristics of Electromagnetic waves
The three main characteristics are wave velocity, frequency and wavelength.

Wavevelocity:Wavestravelatdifferentspeedsdependingonthetypeofwaveandthe
characteristicsofthepropagationmedium.Soundtravelsat1100feet/secondinnormal
atmospherewhereelectromagneticwavestravelmuchfaster.Infreespacei.e.invacuum,
TEMwavestravelatthespeedofthelight,c(approximatelyat186,000miles/sec)and
slightlyslowerinairandconsiderablysloweralongatransmissionline.

Frequency and Wavelength: The oscillations of an electromagnetic wave are periodicand
repetitive. Therateatwhichtheperiodicwaverepeatsisitsfrequency.Thedistanceofone
cycleoccurringinspaceiscalledthewavelengthandisgivenby

Distance = velocity x time

Ifthetimeforonecycleissubstitutedabove,wegetthelengthofonecyclewhichiscalled
wavelengthandisgivenby

A=velocityxperiod=vxT,whereAiswavelength,visvelocityandTis
periodbecauseT=1/f,wecanwriteA=v/f
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As for free space propagation, v = c; the length of one cycle is A = c/f = 3x10s mislf cyclesis
Transmission line classifications

Balanced Transmission Line

Intwowirebalancedlines,bothconductorscarrycurrent.Oneconductorcarriesthesignal
andtheotherconductorinthereturnpath.Thistypeoftransmissioniscalleddifferentialor
balancedsignaltransmission.Bothconductorsinabalancedlinecarrysignalcurrents,which
areequalinmagnitudewithrespecttoelectricalgroundbuttravelinoppositedirections.

Currentsthatflowinoppositedirectionsinabalancedwirepairarecalledmetalliccircuit
currentsandcurrentsthatflowinsamedirectionarecalledlongitudinalcurrents.Thechief
advantageofthebalancedlineformatisgoodrejectionofexternalnoise.Commonformsof
balancedlinearetwin-lead,usedforradiofrequencysignalsandtwistedpair,usedfor
lowerfrequencies.

Unbalanced Transmission Line

Withanunbalancedtransmissionline,onewireisatgroundpotential,whereastheother
wireisatsignalpotential. Thistypeoftransmissionlineiscalledsingle-endedorunbalanced
signaltransmission.Thegroundwiremayalsobethereferenceforothersignal-carrying
wiresandmustgoanywhereanyofthesignalwiresgo.

Unbalancedtransmissionlineshavetheadvantageofrequiringonlyonewireforeachsignal
andonlyonegroundlineisrequirednomatterhowmanysignalsaregroupedintoone
conductor.Balancedtransmissionlinescanbeconnectedtounbalancedtransmissionlines
andviceversawithspecialtransformerscalledbalums.

Metallic Transmission Line Types

Alldatacommunicationssystemsandcomputernetworksareinterconnectedtosome
degree with cables, which form the most important part of the transmission medium
transporting signals betweencomputers.

Parallel-Conductor Transmission Lines

Parallel-wiretransmissionlinesarecomprisedoftwoormoremetallicconductorsseparated
byanonconductiveinsulatingmaterialcalledadielectric. Commondielectricmaterials
includeair,rubber,polyethylene,paper,mica,glassandTeflon.Themostcommonparallel-
conductortransmissionlinesareopen-wire,twinleadandtwistedpair,includingunshielded
twistedpair(UTP)andshieldedtwistedpair(STP).

Open-Wire _Transmission Lines: These are two-wire parallel conductors, closely
spacedandseparatedbyair.Nonconductivespacersareplacedatperiodicintervalsnot
onlyforsupportbutalsotokeepthedistancebetweentheconductorsconstant. TEMwave
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propagatesintheairbetweentheconductors,whichactsasdielectric. Themainadvantage is its
simpleconstruction.

INSULATING
SPACERS

Sincenoshieldingispresent,theradiationlossesarehighandcableissusceptibletopicking
upsignalsthroughmutualinduction,whichproducescrosstalk.Theprimaryusageisin
standard voice-grade telephoneapplications.

Twinlead: Twin-leadisessentiallythesameasopen-wiretransmissionlineexceptthat
thespacersbetweenthetwoconductorsarereplacedwithacontinuoussoliddielectric
ensuringtheuniformspacingalongtheentirecable.

LOW - LOSS
DIELECTRIC

Itismainlyusedtoconnecttelevisionstorooftopantennas.Commondielectricmaterials
usedwithtwin-leadcableareTeflonandpolyethylene.

Twisted-pair transmission lines: A _twisted-pair (TP) transmission line is formed by
twistingtwoinsulatedconductorsaroundeachother.Usually,anumberofpairsofthese
wiresareputtogetherintoacable.Thecablemaycontainmorethanahundredpairsof
wiresforlong-distancecommunications. Twisted-pairwiresarethemostcommonmediain
atelephonenetwork.Thesewiressupportbothanaloganddigitalsignalsandcantransmit
thesignalataspeedoflOMbpsoverashortdistance. Thetwistingofwireswithdifferent
twistinglengthsreducestheeffectofcrosstalkandlow-frequencyinterference.

Insulator < m >Ccnducmr5

Twisted-paircable

Twisted-pairtransmissionlinesarealsothetransmissionmediumofchoiceformostlocal
areanetworksbecausetwisted-paircableissimpletoinstallandrelativelyindependent
whencomparedtocoaxialandopticalfibercables.
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Thetwobasictypesoftwisted-pairtransmissionlinesspecifiedareunshieldedtwistedpair
(UTP)andshieldedtwistedpair(STP).

Unshijelded twisted-pair: An UTP cable consists of two copper wires where each wire is
seperatelyencapsulatedinPVC(polyvinylchloride)insulation.Bandwidthcanbeimproved
bycontrollingthenumberoftwistsperfootandalsothemannerinwhichmultiplepairsare
twistedaroundeachother. TheminimumnumberoftwistsforUTPcableistwoperfoot.

UTP

- conductor
insulation
- pair
sheath

Unshieided twsted par cabie with
different twist rates

UTPsarecheaper,moreflexible,andeasiertoinstall. Theyprovideenoughsupportfor
telephone systems and are not covered by metal insulation. They offer acceptable
performanceforalong-distancesignaltransmission,butastheyareuninsulated,theyare
affected by cross talk, atmospheric conditions, electromagnetic interference, andadjacent
twistedpairs,aswellasbyanynoisegeneratednearby.Themajorityofthetelephone
twistedpairsareunshieldedandcantransmitsignalsataspeedof10Mbps.

TheElectronicindustriesAssociation(ElIA)hasdevelopedstandardtogradeUTPcableby
guality;Categorylasthelowestqualityandcategory6asthehighestquality.

1. Categoryl:Thebasictwisted-paircablingusedintelephonesystems.Thislevelof
qualityisfineforvoicebutinadequatefordatatransmission.

2. Category2:Thiscategoryissuitableforvoiceanddatatransmissionofupto2Mbps.

3. Category3:Thiscategoryissuitablefordatatransmissionofupto10Mbps.Itisnow
thestandardcableformosttelephonesystems.Atleastthreetwistperfeet

4. Category4:Thiscategoryissuitablefordatatransmissionofupto20Mbps.

Category5:Thiscategoryissuitablefordatatransmissionofupto100Mbps.

6. Category6:CAT-6isrecentlyproposedcabletypecomprisedoffourpairsofwire
capableofoperatingattransmissionratesofupto400Mbps.

o

AdvantagesofUTPareitseasytoterminate,installationcostsarelessandmorelinescanbe
runthroughthesamewiringducts.DisadvantagesofUTPareitsabitnoisyandproneto
interference.
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Daia Rate

Category Specification {Mbps) Use

1 Unshielded twisted-pair used in telephone < (.1 Telephone

2 Unshielded twisted-pair originally used in 2 T-1 lines
T-lines

3 Improved CAT 2 used in LANs 10 LANs

4 Improved CAT 3 used in Token Ring networks 20 LANs

5 Cable wire is normally 24 AWG with a jacket 100 LANs
and outside sheath

SE An extension to category 3 that includes 125 LANs
extra features to minimize the crosstalk and
electromagnetic interference

6O A new category with matched components 200 LANs

coming from the same manufacturer. The
cable must be tested at a 200-Mbps data rate.

7 Sometimes called SSTP (shielded screen 600 LANs
twisted-pair). Each pair is individually
wrapped in a helical metallic foil followed by
a metallic foil shield in addition to the outside
sheath. The shield decreases the effect of
crosstalk and increases the data rate.

Categories of unshielded twisted-pair cables

ShieldedTwistedPair(STP)Cable: STPcableisaparalleltwo-wiretransmissionline
consistingoftwocopperconductorsseparatedbyasoliddielectricmaterial. Thewiresand
dielectricareenclosedinaconductive-metalsleevecalledafoil.Ifthesleeveiswovenintoa
mesh, it's calledbraid.

—— JACKET
—— OUTER CONDUCTOR

DIELECTRIC CORES
—— INNER CONDUCTORS

BARRIER TaPE

The metal casing prevents the penetration of electromagnetic noise. Materials and
manufacturing requirements make STP more expensive than UTP but less susceptible to
noise.
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PlenumCable:Plenumcablesaretheelectricalortelecommunicationcables(orwires)
whichareinstalledinenvironmentalairspacesintheinteriorofmanycommercialand
residentialbuildings.ltiscommonpracticetoroutecommunicationcablesandthelikefor
computers,datadevices,andalarmsystemsthroughplenumsinbuildingconstructions.Ifa
fireoccursinabuildingwhichincludesplenumsorrisers,thenon-fireretardantplenum
constructionwouldenablethefiretospreadveryrapidlythroughouttheentirebuilding.
Typicallyplenumdatacableshavetwoormorepairsofinsulatedconductorsinacommon
jacket. Theinsulationcanbemadeofseveraltypesofflameretardantinsulation.Aplenum
isdefinedasacompartmentorchambertowhichoneormoreairductsareconnectedand
whichformspartoftheairdistributionsystemofthestructure.Plenumcableshavea
pluralityoftwistedpairconductorssurroundedbyajacket. Thetwistedpairsgenerallyall
havethesametwistorsubstantiallythesametwist.Atypicalandwidelyusedflame
retardantinsulationforconductorsindataplenumcablesisfluorinatedethylene-propylene.
Category5plenumcablemadeofjacketedtwistedpairsofinsulatedconductorshasto
satisfyanumberofelectricalrequirementssetbytheEIA/TIAspecification568A.

Coaxial (Concentric) Transmission Lines

BecauseoftheadventofmodernUTPandSTPtwistedpaircables,coaxialcableisseenvery
lessincomputernetworks,butstillhasveryhighimportanceinanalogsystems,suchas
cabletelevisiondistributionnetworks.Thebasiccoaxialcableconsistsofacenterconductor
surroundedbyadielectricmaterial(insulation),thenaconcentric(uniformdistancefrom
thecenter)shielding,andfinallyarubberenvironmentalprotectionouterjacket. Acoaxial
cablewithonelayeroffoilinsulationandonelayerofbraidedshieldingisreferredtoas
dualshieldedandiftwolayersoffoilinsulationandtwolayersofbraidedmetalshielding
arepresent,it'scalledquadshielding.

Insulator

Inner conductor

Quter conductor

Plastic cover (shield)

Twobasictypesofcoaxialcablesarepresent:rigidairfilledandsolidflexible.Rigid
air-filledcablesarerelativelyexpensiveandaretoughtomaintain.Coaxialcablesare
capableofoperatingathigherbitratesthantheirparallel-wirecounterparts,verysecure
thantwisted-paircable,canbeusedoverlongdistances,immunetoexternalradiationand
radiatelittlethemselves.Disadvantagesofcoaxialtransmissionlinesaretheirpoorcost-to-
performanceratio,lowreliability,andhighmaintenance.
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TheRGnumberingsystemusedwithcoaxialcablesreferstocablesapprovedbyU.S.
Department of Defense(DoD).

Caregory Impedance Use
RG-59 75 Q2 Cable TV
RG-58 50 Q Thin Ethernet
RG-11 50 Q Thick Ethernet

Categoriesorcoaxialcables
Toconnectcoaxialcabletodevices,itisnecessarytousecoaxialconnectors.The
mostcommontypeofconnectoristheBayone-Neill-Concelman,orBNC,connectors.BNC
connectorsaresometimesreferredtoasbayonetmount,astheycanbeeasilytwistedonor off.

BNCT
Cable l

ENC connector 50-W Ground
BMC terminator wire
Therearethreetypes:theBNCconnector,theBNCTconnector,theBNCterminator.
ApplicationsincludecableTVnetworks,andsometraditionalEthernetLANslike10Base-2,
or10-Baseb.

Metallic Transmission Line Equivalent Circuit

Thecharacteristicsofatransmissionlinearedeterminedbyitselectricalpropertieslikewire
conductivity,insulatordielectricconstantanditsphysicalpropertieslikewirediameterand
conductorspacing.Thesepropertiesinturndeterminetheprimaryelectricconstants: series
resistance (R), series inductance (L), shunt capacitance (C), and shunt conductance (G).
Resistance and inductance occur along the line, whereas capacitance and conductance
occur between theconductors.

Characteristic Impedance

Formaximumpowertransferfromthesourcetoload,atransmissionlinemustbe
terminated in a purely resistive load equal to the characteristic impedance of the
transmission line. Transmission line stores energy in its distributed inductance and
capacitance.
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UsingOhm’slaw,thecharacteristicimpedanceissimplytheratioofthesourcevoltage(E o)
tothelinecurrent(lp),givenby

Zo=Eo/lg,whereZgischaracteristicimpedanceinohms,Egissourcevoltagein
voltsandlpistransmissionlinecurrentinamps.

>
Characteristic impedance of a two wire parallel transmission line with an air dielectric can be

determined from its physical dimensions Zg = 276 log D/r where D is distance between the
centres of the two conductors and R is radius of the conductors.

Characteristic impedance of a coaxial cable can also be determined from its physical
Z,=138 (og p/a)

dimensions: v E, where,Disinsidediameteroftheconductorand&ris

relativedielectricconstantoftheinsulatingmaterial.

Wave Propagation on Metallic Transmission Lines

EMwavestravelatthespeedoflightthroughvacuumandnearlythesamethroughair,but
they travel considerably slowly in metallic transmission lines, where the conductor is
generallycopperandthedielectricmaterialsvarywithcabletype.

Velocity Factor and Dielectric Constant
Velocity factoris defined as the ratio of the actual velocity of propagation of an

electromagneticwavethroughagivenmediumtothevelocityofpropagationthrougha
vacuum. Mathematically, givenas:

Vi=Vp/ c, where Vgis velocity factorBVp is actual velocity of propagation and c is velocity
of propagation through a vacuum (3x10 m/s).

Dielectricconstantissimplytherelativepermittivityofamaterial. Thedielectricconstant
depends on the type of insulating material used. The velocity at which an EM wave
propagatesalongatransmissionlinevarieswiththeinductanceandcapacitanceofthe

cable.Timecanbegivenas:T:\/LC.Inductance,capacitanceadvelocityofpropagationcan
begivenbytheformula,velocityxTime=Distance

Therefore, Vp= Distance/ Time = D/T which can be written as Vp=D/ VLC

If the distance is normalized to 1 meter, the velocity of propagation for a lossless
transmission line is Vp=1/VLC

Metallic Transmission Line Losses

Signalpowerislostinatransmissionlinethroughdifferentways:conductorloss,radiation
loss, dielectricheatingloss,couplinglossandcorona. Alltheselossesarelumpedtogether
andarespecifiedasattenuationlossindecibelsperunitlength.
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ConductorL osses:Aselectricalcurrentflowsthroughametallictransmissionline,there
isaninherentandunavoidablepowerlossbecauseofthefiniteresistancepresentinl;Pe

line.Thislossistermedasconductorlossorconductorheatinglossandissimplylrpower
loss.

RadiationL osses:Radiationandinductionlossesaresimilarinthatbotharecausedby
thefieldssurroundingtheconductors.Inductionlossesoccurwhentheelectromagnetic
fieldaboutaconductorcutsthroughanynearbymetallicobjectandacurrentisinducedin
thatobject.Radiationlossesarereducedbyproperlyshieldingthecable. Therefore,STPand
coaxialcableshavelessradiationthanUTP,twinleadandopenwire.

Coupling Losses:Coupling loss occurs whenever a connection is made to or from a
transmission line or when two sections of transmission line are connected together.
Discontinuitiesarethelocationswheredissimilarmaterialsmeetandtheytendtoheatup,
radiateenergy,anddissipatepower.

Corona:Corona is a luminous discharge that occurs between the two conductors of a
transmissionline,whenthedifferenceofpotentialbetweenthemexceedsthebreakdown
voltageofthedielectricinsulator.Whencoronaoccurs,thetransmissionlineisdestroyed.

10
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PTICAL FIBER TRANSMISSION MEDIA :
Advantages of Optical Fiber Cables, Disadvantages of Optical Fiber Cables,
Electromagnetic spectrum, Optical Fiber Communications System Block Diagram, Optical
Fiber construction, The Physics of Light, Velocity of Propagation, Propagation of Light
Through an Optical fiber Cable, Optical Fiber Modes and Classifications, Optical Fiber
Comparison, Losses in Optical Fiber Cables, Light sources, Light Detectors,Lasers.

Anopticalcommunicationssystemisonethatuseslightasthecarrierofinformation. They
useglassorplasticfibercablestocontainthelightwavesandguidetheminamanner
similartothewayEMwavesareguidedthroughametallictransmissionmedia.

Advantages of Optical Fiber Cables

>
Widerbandwidthandgreaterinformationcapacity: Thelightwaveoccupiesthefrequencyrange

between2_><1012Hzto37x1012Hz.ThismakestheinformationcarryingcapabiIityoffiberoptic cables
is muchhigher.

Immunitytocrosstalk:Sincefiberopticcablesuseglassandplasticfibers,whicharenon-
conductors"?felectricalcurrent,nomagneticfieldispresent.Nomagneticinductionmeans
nocrosstalk.

Immunitytostaticinterference:Asopticalfibercablesarenon-conductors,theyareimmune  to
electromagnetic interference (EMI) caused by lightning, electric motors, relays,
fluorescentlightsandotherelectricalnoisesources.

Environmentalimmunity:Opticalfibersaremoreimmunetoenvironmentalextremes.They
canoperateoverlargetemperaturevariationsandarealsonotaffectedbycorrosiveliquids
andgases.

Safetyandconvenience:Asonlyglassandplasticfibersarepresent,noelectricalcurrentsor
voltagesareassociatedwiththem.Alsotheycanbeusedaroundanyvolatileliquidsand
gasseswithoutworryingabouttheircausingexplosionsorfires.

Lowertransmissionloss:Fiberopticcablesofferslesssignalattenuationoverlongdistances.
Typically,itislessthan1dB/km

Security:Opticalfibersaremoresecureastheyarealmostimpossibletotapintobecause
theydonotradiatesignals.Nogroundloopsexistbetweenopticalfibershencetheyare
moresecure.

Durability and reliability: Optical cables last longer and are more reliable than metallic
facilities because fiber cables have a higher tolerance to changes in environmental
conditions and are immune to corrosive materials.

Economics:Costofopticalfibercablesissameasmetalliccables.Fibercableshavelessloss
andrequirefewerrepeaters,whichinturnneedslowerinstallationandoverallsystemcosts.

Disadvantages of Optical Fiber Cables

>
Interfacingcosts: Asopticalcablesneedtobeconnectedstandardelectronicfacilitiesrequiring
expensiveinterfaces

>
Strength:Opticalcableshavelowertensilestrengththancoaxialcable. Theyneedanextra
coatingofKevlarandalsoaprotectivejacketofPVC.Glassfiberisalsofragilemakingthem
lessattractiveincaseofhardwareportabilityisrequired

11
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Remoteelectricalpower.Occasionally electricalpowerneedstobeprovidedtoremoteinterfaces,
whichcannotbeaccomplishedusingopticalcables

Losses through bending: Bending the cable causes irregularities in the cable dimensions,
resultinginlossofsignalpower.Also,opticalcablesarepronetomanufacturedefects
causinganexcessivelossofsignalpower.

Specializedtools equipmentandtraining:Specialtoolsarerequiredtospliceandrepair
cablesandspecialtestequipmentareneededtomakeroutinemeasurements. Technicians
workingonopticalcablesneedspecialskillsandtraining.

Electromagnetic Spectrum

Theelectromagneticspectrumistherangeofallpossiblefrequenciesofelectromagnetic
radiation.The"electromagneticspectrum"ofanobjectisthecharacteristicdistributionof
electromagneticradiationemittedorabsorbedbythatparticularobject. Thefrequency

spectrumextendsfromthesubsonicfrequencies(afewhertz)tocosmicrays(1023Hz).The
light frequency spectrum can be divided into three general bands.

1. Infrared:Thebandoffrequenciesthatistoohightobeseenbythehumaneyewith
wavelengths ranging between 770nm and 10 nm. Optical fibers generally operate in
infrared band.

2. Visible:Thebandoflightfrequenciestowhichthehumaneyewillrespondwith
wavelengthsrangingbetween390nmand770nm.Thisbandisvisibletohumaneye.

3. Ultraviolet:Thebandoflightfrequencies,thataretoolowtobeseenbythehuman
eyewithwavelengthsrangingbetween10nmand390nm.

Optical Fiber Communications System Block Diagram

Transmitter
Input Coderor Light Source-to-Fiber |
Signal  |Converter| |Source Interface |

Fiber-optic Cable

| Fiber-to-light| | Light Amplifier/Shaper| Output
| Interface Detector Decoder
Receiver

Thethreeprimarybuildingblocksaretransmitter,receiverandtheopticalfibercable. The
transmitteriscomprisedofavoltage-to-currentconverter,alightsource,andsource-to-
fiberinterface.Thefiberguideisthetransmissionmedium,whichiseitheranultrapure

12
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glassoraplasticcable.Thereceiverincludesafiber-to-interface,aphotodetector,anda
current-to-voltageconverter.

Optical Fiber Construction

Loose Tube
T Buffer Tube T
Cuter Jacket KEWVLAR Strength Member Ciptical Fiber
l v Buffer Coating l
L —
Tight Buffer

Figure 2, Basic Fiber Optic Cable Construction

Therearetwobasictypesoffiber-opticcable. Thedifferenceiswhetherthefiberisfreeto
moveinsideatubewithadiametermuchlargerthanthefiberorisinsidearelativelytight-
fittingjacket. Theyarereferredtoasloose-tubeandtight-buffercables.

Core

Cladding
Fiber Bulfer
Core Plastic BufTer
Cladding Kevlar Strength
Member
Fiber Buffer Plastic Jacket
Air or Gel

Tube

(a) Loose-tube construction (b) Tight-buffer construction

Both methods of construction have advantages
- Loose-tubecables—allthestressofcablepullingistakenupbythecable’s
strengthmembersandthefiberisfreetoexpandandcontractwithtemperature
- Tight-buffercablesarecheaperandgenerallyeasiertouse

13
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Physics ofLight

AlbertEinsteinandMaxPlanckshowedthatwhenlightisemittedorabsorbed,itbehaves
likeanelectromagneticwaveandalsolikeaparticlecalledaphoton,whichpossesses
energyproportionaltoitsfrequency.ThisisknownasPlanck’sLaw.ltstatesthat“when
visiblelightorhigh-frequencyelectromagneticradiationilluminatesametallicsurface,
electronsareemitted”.Itisexpressedmathematicallyas:

Ep = hf
p )
whereEyp is energy of the photons in joules, h is Planck’s constant and f is frequency of light

Theprocessofdecayingfromoneenergyleveltoanotherenergyleveliscalled
spontaneousdecayorspontaneousemission. Theprocessofmovingfromoneenergylevel
toanotheriscalledabsorption.

Opticalpowermeasurestherateatwhichelectromagneticwavestransferlightenergy.ltis
described as the flow of light energy past a given point in a specified time.Expressed
mathematicallyas:

P=d(energy)/d(time)=dQ/dt,wherePisopticalpowerinwattsanddQisinstantaneous
charge injoules

Velocity of Propagation

Refraction:Refractionisthebendingoflightwhenthelightpassesfromonemediumto
another.Theanglebetweenthelightrayandthenormalasitleavesamediumiscalledthe

angle of
incidence

normal

refraction

When an electromagnetic wave is reduced as it passes from one medium to another
mediumofdensermaterial thelightraychangesdirectionorrefracts(bends)towardthe
normal.Whenanelectromagneticwavepassesfromamoredensematerialintoaless
densematerial,thelightrayisrefractedawayfromthenormal. Thenormalissimplyan
imaginary line drawn perpendicular to the interface of the two materials at the pointof
incidence

14
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OpticalFiberTransmissionMedia
Nejgy normal :
I
€Nt ra i Xy, 'normal
air I cé}) I
glass : Y
| water /1
" 4
! air ' I€fry
! Ct;
& ray
From Air to Glass: Light is bent towards the normal From Water to Air: Light is bent away from the normal

Refractivelndex:Refractiveindexissimplytheratioofthevelocityofpropagationoflight
rayinfreespacetothevelocityofpropagationofalightrayinagivenmaterial.Givenby,

n=c/v,wherenisrefractiveindexandcisspeedoflight(m/sec)andvisspeedoflightina

givenmaterial(m/sec).Typicalindexesofrefractionofsomematerialsaregivenbelow:

Material
Glass
Water

Air

Diamond

Vacuum

Refractive index

1.5-1.7
1.33

1.0001

2.0-2.42
1.0

Snell’sl_aw:Thisrelationshipbetweentheanglesofincidenceandrefractionandthe
indicesofrefractionofthetwomediumisknownasSnell'sLaw.Snell'slawappliestothe
refractionoflightinanysituation,regardlessofwhatthetwomediaare.

{Toward normal}

Normal Refracted ray Less to more dense
'll'l] < I'Iz}
Unrefracted ray
82 # (ny=ny)
P {Away from normal)
If’ Refracted ray
7 82 {ny > ny)
fum ng // More to less dense
Medium n4
01
Incident ray

RefractivemodelforSnell’sLaw

Snell’s Law is stated mathematically as:

N1 sin@1 = N2 sin02
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Where,niisrefractiveindexofmateriall,n2isrefractiveindexofmaterial2,81isangleof
incidenceandB2isangleofrefraction.

CriticalAngle:Theangleofincidenceiscalledthecriticalangle(B¢),whichisdefinedas
theminimumangleofincidenceatwhichalightraymaystriketheinterfaceoftwomedia
andresultinanangleofrefractionof90degreesorgreater.Lightrayhastotravelfrom
mediumofhigherrefractiveindextothatoflowerrefractiveindex.Expressedas:

. -1
0c=sin ~ na/ng

Acceptance angle, acceptance cone and numerical aperture: For a ray of
lighttopropagatedownthecable,itmuststriketheinternalcore/claddinginterfaceatan
anglethatisgreaterthanthecriticalangle.

-1 2 2
fin(max) = SIn \/(nl -n2)
Where, fin(max)isacceptanceangleoracceptanceconehalfangle.ltdefinesthemaximum

angleinwhichexternallightraysmaystriketheair/glassinterfaceandstillpropagatedown
thefiber.

Rotatingtheacceptanceanglearoundthefiberaxis,aconepatternisobtained,
calledasacceptanceconeofthefiberinput. Theconeofacceptanceistheanglewithin
whichthelightisacceptedintothecoreandisabletotravelalongthefiber.Launchinglight
wavewillbeeasierforlargeacceptancecone.

Acceptance n, cladding

[\

| el o

Cone \ _(_‘Qc,__:_:;ﬁu:—;‘: _________________ n, core
1, cladding

NumericalAperture(NA)isusedtodescribethelight-gatheringorlight-collectingabilityofan
opticalfiber.LargerthemagnitudeofNA,greatertheamountofexternallightthefiber

willaccept.Describedas,NA=sinfinandNA=\(n1 —n2 ). Therefore, it can be written:
_
Oin=sin "NA
Propagation of Light through an Optical Fiber Cable

Lightcanbepropagatedusingeitherrefractionorreflectionandthewaylightpropagates
dependsonthemodeofpropagationandtheindexprofileofthefiber.

Modes of propagation

Modesimplymeanspath.Ifthereisonlyonepathforlightraystotakedownacable,itis
calledsinglemodeandifthereismorethanonepath,itiscalledmultimode.Insinglemode,
thelighttravelsdirectlydownthecenterofthecable,whereasformultimode,lightrays
propagatedownthecableinazigzaggingfashionfollowingseveralpaths. Thenumberof
modespossibleforagivencablecanbegivenby:

16




DataCUnit-2 MetallicCableTransmissionMedia
Optical Fiber Transmission Media

N = L% (g2 - uﬁ]

WhereNisnumberofmodes,discorediameterandAiswavelengthandnisrefractive
indexofcoreandn2isrefractiveindexofcladding.

 Light
. 1ay

1, core
oottt L e, 1, cladding
Single-mode step-index Fiber n, air

1, Core
n, cladding
|1, air
\\Variable
i iy

£t . r e i
Multimode graded-index Fiber Index porfile

Index Profile

Index profile of an optical fiber is a graphical representation of the magnitude of the
refractiveindexacrossthefiber. Theabovefigureshowstheindexprofilesofthreetypesof
fibers. Twobasictypesofindexprofilesarepresent.Astep-indexfiberhasacentralcore
withauniformrefractiveindex.Agraded-indexfiberhasnocladdingandtherefractive index
of the core is nonuniform. It is highest at the center of the core and decreases
graduallywithdistancetowardstheouteredge.

Optical Fiber modes and Classifications

Threepracticaltypesofopticalfiberconfigurations:single-modestepindex,multimodestep
indexandmultimodegradedindex.

Single-Mode _Step-Index Optical Fiber:The fiber has a central core that is
sufficientlysmallthatthereisessentiallyonlyonepathforlightraythroughthecable.In
mostcases,theoutsidecladdingisairmakingthisfibertohaveawideexternalacceptance
anglemakingitrelativelyeasytocoupletoalightsource.But,thistypeoffiberisveryweak
anddifficulttospliceorterminate.Amorepracticalapproachwillbesinglemodestep-index
fiberthathasacladdingotherthanair.Thiswouldbephysicallystrongerthanair-cladfiber
butcriticalanglewillbehigherresultinginasmallacceptanceangle. Thismakesitdifficult
tocouplelightintothefiberfromalightsource.
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Advantages:
e Minimumdispersion:allraystakesamepath,sametimetotraveldownthecable.
Apulsecanbereproducedatthereceiververyaccurately.
e Lessattenuationcanrunoverlongerdistancewithoutrepeaters.
e Largerbandwidthandhigherinformationrate

¢ Difficulttocouplelightinandoutofthetinycore
e Highlydirectivelightsource(laser)isrequired.
e Interfacingmodulesaremoreexpensive

(a) Step-index multimode fiber
Simple coupling: large modal dispersion
Cladding Typical diameters and refractive indices

Core/cladding diameter  62.5/125, 100/140, ..., 1000/1200 pm
Core index 1.45
Index difference 1% —2%

i

(b) Parabolically-graded-index multimode fiber
Simple coupling; difficult fabrication; low or zero modal dispersion

Core/cladding diameter 50/125, 62.5/125, 85/125
Core index at center 1.45
Index difference 1 % = 2 % in graded index profile

=

(c) Step-index single-mode fiber
Difficult coupling: difficult fabrication; no modal dispersion

) Core/cladding diameter 9/125
p— | Core index 1.45
{) Indexdifference 1%-2%

n—

Fig. 22.1. (a) Step-index multimode fibers allow for the propagation of several optical
modes. (b) Parabolically graded-index multimode fibers allow for the propagation of
several modes with similar propagation constant. Graded-index multimode fibers have a
lower modal dispersion than step-index multimode fibers. (¢) Step-index single-mode
fibers have a small core diameter and no modal dispersion.

Multimode Step-Index Optical Fiber: These are similar to single mode step-index
fibersexceptthatthecentercoreismuchlargerwiththemultimodeconfiguration.This
typehasalargelight-to-fiberapertureandthereforeallowsmoreexternallighttoenterthe
cable.Lightraystraveldownthecableinazigzagfashioncontinuouslyreflectingoffthe
interfaceboundary.Lightraystravelinmanypathsasitpropagatesdownthefiber.So,all
lightraysdonotfollowthesamepathanddonottakesameamountoftimetotravelthe length
of thecable.

Advantages
e Thesearerelativelyexpensiveandsimpletomanufacture

¢ ltiseasiertocouplelightintoandoutofmultimodestep-indexfiberastheyhavea
relatively large source-to-fiberaperture.
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Disadvantages

e Aslightraystravelindifferentpaths,largedifferenceinpropagationtimesresults.
So,theraystravellingdownhaveatendencytospreadout.Consequentlythepulse
oflightpropagatingdownismoredistortedthanothertypesoffibers.

e Lessbandwidthsandlowerrateofinformationtransferrateswhencomparedto
othertypes.

Multimode Graded-Index Optical Fiber: These fibers are characterizedby a
centralcorewithanonuniformrefractiveindex.Cablesdensityismaximumatcentreand
decreasesgraduallytowardstheedge.Lightrayispropagatedthroughrefraction.Asthe
lightpropagatesacrossthecoretowardthecenteritintersectsalessdensetomoredense
medium.Consequently,lightraysconstantlybeingrefractedresultingincontinuousbending
oflightrays.Thelightraystakeapproximatelythesameamountoftimetotravelthelength
ofthefiber.Thiscableismostlyusedforlongdistancecommunication.

Losses in Optical Fiber Cables

Powerlossinopticalfibercablesisoftencalledattenuationandresultsinreductionof
poweroflightwaveasittravelsdownthecable.Generally,totalpowerlossisexpressedas:

A(aB) = 10 log (Pout / Pin) where A(dB) is total reduction in power level, attenuationand
PoutiscableoutputpowerandPijniscableinputpower.Multimodefiberstendtohave
moreattenuationthansingle-modecablesbecauseofincreasedscatteringoflightwave.

Transmissionlossesinopticalfibersresultinreductioninlightpower,thusreducingthe
system bandwidth, information transmission rate, efficiency, and overall system capacity.
The predominant lossesare:

AbsorptionLosses:Itisanalogoustopowerdissipationincoppercablesasimpuritiesin
thefiberabsorbthelightandconvertittoheat. Threemainfactorscontributetoabsorption
losses.

e Ultravioletabsorption:-Causedbyvalenceelectronsinthesilicamaterialfromwhich
fibers aremanufactured.

¢ Infraredabsorption:-Resultofphotonsoflightthatareabsorbedbytheatomsof
the glass coremolecules.

e lonresonanceabsorption:-CausedbyOH-ioninthematerial.lron,copperand
chromiummoleculesalsocauseionabsorption

Material or Rayleigh Scattering Losses:Rayleigh scattering of light is due to
smalllocalizedchangesintherefractiveindexofthecoreandcladdingmaterial. Twomain
causes forthis:

e Thefirstisduetoslightfluctuationinmixingofingredients. Therandomchanges
becauseofthisareimpossibletoeliminatecompletely.

e Theothercauseisslightchangeindensityasthesilicacoolsandsolidifies.When
lightraystrikessuchzones,itgetsscatteredinalldirections. Theamountofscatter
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dependsonthesizeofthediscontinuitycomparedwiththewavelengthofthelight.
Sotheshortestwavelengthsuffersmostscattering.

Chromatic.. Distortion or._ \Wavelength Dispersion: Light rays that are
simultaneouslyemittedfromanLEDandpropagateddownanopticalfiberdonotarriveat
thefarendofthefiberatthesametime,whichresultsinanimpairmentcalledchromatic
distortion. It occurs in only in fibers with a single mode of transmission and can be
eliminatedusingmonochromaticlightsourceslikeinjectionlaserdiode(ILD).

Radiation Losses: These are caused predominantly by small bends wand kinks in the

fiber. Thetwotypesofbendsare:microbendsandconstant-radiusbends.Microbending
occursasresultofdifferencesinthethermalcontractionratesbetweencoreandcladding
material and results in a material bend along the axis of the fiber and represents a
discontinuity where Rayleigh scattering occurs. Constant-radius bends are causedby
excessivepressureandtensionandgenerallyoccurwhenfibersarebentduringinstallation.

Modaldispersion:Modaldispersion(calledpulsespreading)iscausedbythedifference
inthepropagationtimesoflightraysthattakedifferentpathsdownafiberandoccursonly
inmultimodefibers.ltcanbereducedconsiderablybyusinggradedindexfibersandalmost
entirelyeliminatedusingsingle-modestep-indexfibers.Ifthreeraysoflightareemittedinto
thefiberatthesametime,eachraywouldreachthefarendatadifferenttimeresultingina
spreadingoutoflightenergywithrespecttotime.Thisiscalledmodaldispersion.

Coupling Losses:-These losses are caused by imperfect physical connections. These

occur at three types of junctions: light source-to-fiber connections, fiber-to-fiber
connections, and fiber-to-photodetector connections. They are caused by one of the
following alignment problems:

.‘ . ,r\
.--‘ o -~
W
o
dispiscement
(@)
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{di e

Lateraldisplacement:ltisthelateraloraxialdisplacementbetweentwopiecesofadjoiningfiber cables.

Gapdisplacement(misalignment):Whensplicesaremadeinopticalfibers,thefibersshouldactually
touch.Thefartherapartthefibersare,thegreaterthelossoflight.

Angulardisplacement:ltissometimescalledangulardisplacementandifitislessthan2degrees,the
losswilltypicallybelessthan0.5dB.

Imperfectsurfacefinish: Theendsoftwoadjoiningfibersshouldbehighlypolishedandfit
togethersquarelY.Ifthefiberendsarelesst an3degreesofffromperpendicular,the
losseswilltypicallybelessthan0.5dB.

Light Sources

Light sources are used in fiber optic communication to generate light pulses at
wavelengthsefficientlypropagatedbytheopticalfiber. Theyalsoshouldproducesufficient
powertoallowthelighttopropagatethroughthefiberwithoutcausingdistortioninthe
cableorreceiver. Twotypesofpracticallightsourcesusedtogeneratelightforopticalfiber
communicationssystems:light-emittingdiodes(LED’s)andinjectionlaserdiodes(ILD’s).

Light Emitting Diodes: A LED is a p-n junction diode, usually made from a
semiconductormaterialsuchasaluminum-gallium-arsenide(AlGaAs)orgallium-arsenide-
phosphide(GaAsP).LED’semitlightbyspontaneousemission-lightisemittedasaresultof
therecombinationofelectronsandholes.LEDscanprovidelightoutputwhenforward
biased.TheLEDhasalowoutputpower,slowerswitchingspeedandgreaterspectralwidth,
hencemoredispersion.Thesedeficienciesmakeitnotusefulforhighspeedandlong
distancecommunication.TheoutputofLEDisnon-coherentandcouplingefficiencyisvery low.

Injection LaserDiode:ILD’saresimilartoLED’sandtheyactsimilarlybelowacertain
thresholdcurrent. Abovethethresholdcurrent,andlLDoscillatesandlasingoccurs.As
currentpassesthroughaforwardbiasedp-njunctiondiode, lightisemittedbyspontaneous
emissionatafrequencydeterminedbytheenergygapofthesemiconductormaterial. The

21




DataCUnit-2 MetallicCableTransmissionMedia

radiantoutputpowerofILDismoredirectivethanLED.Afterlasingoccurs,theoptical
powerincreasesdramatically,withsmallincreasesindrivecurrent.Advantages

1. ILD’s emit coherent (orderly) light compared to incoherent (disorderly) lightemitted
byLED.SolLDhaveamoredirectradianpattern,makingiteasiertocouplelight
emittedbythelLDintoanopticalfibercable.Couplinglossesarereducedandalso
smallfiberscanbeused.

2. TheradiantoutputpoweroflLDisgreaterthanthatforanLED.Typicallytheoutput
powerforanlLDisSmWandonly0.5mWforLED.ThisallowsILD’stoprovidea
higherdrivepowerandcanbeusedforoperationoverlongerdistances.

3. ILD’scanbeusedathigherbitratesthanLED’s

4. ILD’sgeneratemonochromaticlight,whichreduceschromaticorwavelength
dispersion

Disadvantages

1. ILD’saretypically10timesmoreexpensivethanLED’s

2. AslLD’soperateathigherpowers,theyhaveashortlifetime

3. ILD’saremoretemperaturedependentthanLED’s

Light Detectors

Two devices are commonly used to detect light energy in optical fiber
communications receivers: PIN (p-type-intrinsic —n-type) diodes and APD (avalanche
photodiodes).PINdiodesarethemostcommondeviceusedandoperatejusttheopposite of an
LED. APD’s are more sensitive than pin diodes and require less additional
amplification. ThedisadvantagesofAPD’sarerelativelylongtransmittimesandadditional
internallygeneratednoiseduetoavalanchemultiplicationfactor.

Characteristics of light detectors

1. Responsivity:Ameasureoftheconversionefficiencyofaphotodetector.ltisthe
ratiooftheoutputcurrentofaphotodiodetotheinputopticalpowerandhasthe unit
ofamperes/watt.

2. DarkCurrent:Theleakagecurrentthatflowsthroughaphotodiodewithnolight
input.

3. Transittime:Thetimeittakesalight-inducedcarriertotravelacrossthedepletion
regionofasemiconductor.Determinesthemaximumbit-ratepossible

4. SpectralResponse:Therangeofwavelengthvaluesthatagivenphotodiodewill
respondto.

5. LightSensitivity:Theminimumopticalpoweralightdetectorcanreceiveandstill
produceausableelectricaloutputsignal.

Lasers

Laserstandsforlightamplificationstimulatedbytheemissionofradiation.ltdealswiththe
concentrationoflightintoaverysmall,powerfulbeam.Therearefourtypesoflasers:
1. Gaslasers:Gaslasersuseamixtureofheliumandneonenclosedinaglasstube.A
flowofcoherentlightwavesisemittedwhenanelectriccurrentisdischargedinto
thegas.Thecontinuouslight-waveoutputinmonochromatic(onecolor)
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2.

3.

Liquidlasers:Theyuseorganicdyesenclosedinaglasstubeforanactive
medium.Apowerfulpulseoflightexcitestheorganicdye.

Solid lasers: They use a solid, cylindrical crystal such as ruby, for the active
medium.Bothendsofrubyarepolishedandparallelandtherubyisexcitedbya
tungstenlamptiedtoanacpowersupply.ltproducesacontinuouswave.
Semiconductor lasers: They are made from semiconductor p-n junctions and
arecommonlycalledinjectionlaserdiodes. Theexcitationmechanismisadcpower
supplythatcontrolstheamountofcurrenttotheactivemedium.Theoutputlightis
easilymodulatedmakingitveryusefulinmanyelectroniccommunicationsystems.

Laser Characteristics

All types of lasers use

1.

ok wd

anactivematerialtoconvertenergyintolaserlight.
apumpingsourcetoprovidepowerorenergy
opticstodirectthebeamthroughtheactivematerialtobeamplified
opticstodirectthebeamintoanarrowpowerfulconeofdivergence
afeedbackmechanismtoprovidecontinuousoperation
anoutputcouplertotransmitpoweroutofthelaser
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DIGITAL TRANSMISSION
Pulse Modulation, Pulse code Modulation, Dynamic Range, Signal Voltage —to-Quantization
Noise Voltage Ration, Linear Versus Nonlinear PCM Codes, Companding, PCM Line Speed,
Delta Modulation PCM and Differential PCM

Digitaltransmissionisthetransmittalofdigitalsignalsbetweentwoormorepoints
inacommunicationssystem.Thesignalscanbebinaryoranyotherformofdiscrete-level
digitalpulses.Withdigitaltransmissionsystems,aphysicalfacility,suchaspairofwires,a
coaxialcableoranopticalfibercableisrequiredtointerconnectthevariouspointswithin
thesystem.

Digital transmission has several advantages over analog transmission:

>
Importantadvantageisthenoiseimmunityasdigitalsignalsareinherentlylesssusceptiblethan

> analogsignalstointerferencecausedbynoise.
Digitalsignalsarebettersuitedthananalogsignalsforprocessingandcombiningusingatechnique

> calledmultiplexing.
Digitaltransmissionsystemsaremoreresistanttoanalogsystemstoadditivenoisebecausetheyuse

> signalregenerationratherthansignalamplification.

Digital signals are simpler to measure and evaluate than analog signals.

Disadvantages:

>
Transmittingdigitallyencodedanalogsignalsrequiresmorebandwidththansimplytransmittingthe
> originalanalogsignal,whichmakesitexpensive.
Alsoconversionofanalogsignalsintodigitalpulsespriorandaftertransmissionrequiresadditional
encoding and decodingcircuitry.

Precisetimesynchronizationbetweentheclocksintransmittersandreceiversisrequiredindigital
transmission

Digital transmission systems are incompatible with older analog transmission systems.

Pulse Modulation

The process of sampling analog information signals and then converting those
samplesintodiscretepulsesandthentransportingthepulsesfromasourcetoadestination
overaphysicaltransmissionmediumiscalledPulseModulation.Pulsemodulationinvolves
communicationusingatrainofrecurringpulses.Therearefourdifferenttypesofpulse
modulationtechniques.

Pulse Width _Modulation (PWM):The width of a constant amplitude pulse is
variedproportionaltotheamplitudeoftheanalogsignalatthetimethesignalissampled.It
issometimescalledaspulsedurationmodulation(PDM)orpulselengthmodulation(PLM).
Itisverypopularindigitalcircuitsbecauseofitseasygenerationanditsapplicationsinclude
voltageregulatorsandclass-Daudioamplifiers.
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Pulse Position Modulation (PPM):The position of a constant-width pulse within a
prescribedtimeslotisvariedaccordingtotheamplitudeofthesampleoftheanalogsignal.
Itiscommonlyusedincommunicationsoveropticfibersasmultipathfadingisminimal.ltis
alsousedincommunicationsforRCaircraft/carsetcasdemodulationiseasyallowingalow-
costreceiver.

(a)
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Putsemodulation:(a)analogsignal;(b)sampleputse;(c)PWM;(d)PPM;(e) PAM; (f)PCM

(d)

-

Pulse Amplitude Modulation (PAM): The_amplitude of a constant width, constant-
width,andconstant-positionisvariedaccordingtotheamplitudeofthesampleof
theanalogsignal.ltresemblestheoriginalanalogsignalmorethanthewaveformsfor
PWMorPPM.Telephonemodemsfasterthan300bits/secandEthernetusePAM.
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Pulse Code Modulation (PCM): The analog signal is sampled and then converted to
aserialn-bitbinarycodefortransmission.Eachcodehasthesamenumberofbitsand
requires the same length of time for transmission. Applications include digital audioin
computers andCDs.

Pulse Code Modulation

PCMinventedbyAlexH.Reevesin1937isthepreferredmethodofcommunications
withinthepublicswitchedtelephonenetworkbecausewithPCM,itiseasytocombine
digitizedvoiceanddigitaldataintoasingle,high-speeddigitalsignalandpropagateitover
eithermetallicoropticalfibercables.WithPCM,thepulsesareoffixedlengthandfixed
amplitude.PCMisabinarysystemwhereapulseoflackofpulsewithinaprescribedtime
slotrepresentseitherlogiclorlogicOconditions.

=

PCM Transmitter

v

v

ANALDG

INPUT
SIOMAL
CONVERSION LINE SPEED
PULSE CLOCK ELOCK
SERIAL SERIAL
PCMCODE PCMCODE

FARALLEL
DATA

[

v

| AMALDG
OUTPUT
SIONAL

LINE SPFEED
CLOCK

CONVEREION

b PCM Receiver

Theabovefigureshowsasimplifiedblockdiagramofasingle-channel,simplexPCMsystem.
band-ffe-z-d-u"e-ﬁéyrgﬁge0f300Hzt03000Hz.ThesampleandhoIdcircuitperiodicallysamples
theanaloginputsignalandconvertsthosesamplestoamultiplePAMsignal. Theanalog-to-
digital converter (ADC) converts the PAM samples to parallel PCM codes, which are
convertedtoserialbinarydataintheparallel-to-serialconverterandthenoutputtedinto

regenerate the digitalpulses.

Atreceiverside,theserial-to-parallelconverterconvertsserialpulsesreceivedfrom
thetransmissionlinetoparallelPCMcodes.Thedigital-to-analogconverter(DAC)converts
theparallelPCMcodestomultilevelPAMsignals. Theholdcircuitisbasicallyalowpassfilter
thatconvertsthePAMsignalsbacktoitsoriginalanalogform.Anintegratedcircuitthat
performsthePCMencodinganddecodingfunctionsiscalledacodec(coder/decoder).
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PCM Samplin

SamplingcircuitinaPCMtransmitterperiodicallysamplesthecontinuallychanginganalog
inputvoltageandconvertsthosesamplestoaseriesofconstantamplitudepulses,which
can be more easily converted to binary PCM code. Two basic techniques to perform
samplingexist.

Natural Sampling: In natural sampling the pulse amplitude takes the shape of the
analoguewaveformfortheperiodofthesamplingpulse.Thefrequencyspectrumofthe
sampledoutputisdifferentfromthatofanidealsample.

(@) Input /

waveform |

(b) Sample
pulse

Output
(c) f
wavelorm

Natural sampling
Elat-top sampling: It is accomplished in a sample-and-hold circuit. Its purpose is to

periodicallysamplethecontinuallychanginganaloginputvoltageandcovertthosesamples
toaseriesofconstantvoltagePAMvoltagelevels.Withflat-topsampling,theinputvoltage
issampledwithanarrowpulseandthenrelativelyheldconstantuntilnextsampleistaken.

= TN
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o, o 4 "Sample-and-Hold” ...
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Flat-topsampling

Flat-topsamplingintroduceslessaperturedistortionthannaturalsamplingandcanoperate
withasloweranalog-to-digitalconverter.
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Sampling Rate

Nyquistsamplingtheoremstatesthatforasampletobereproducedaccurately,
minimumsamplingrate,fsmustbetwicethehigherinputfrequency,fa.Mathematically,

theminimumNyquistsamplingrate,fsisfs22fa,wherefsisminimumNyquistsamplerate
inhertzandfaismaximumanaloginputfrequencyinhertz.

Iffsislessthantwicefa,i.e.fs<2fg,aliasingorfoldoverdistortionoccurs.Thiscan
beovercomebyusinganti-aliasingfilterbeforesamplingtosuppressthecomponentbefore
sampling.

whan i
Hll'ull"'. datn

1;;11:;}1HIJJ|_ —

: |
Anslog deis Samipded analog data IRT

—| SAMPLING QUANTIZING ENCODING

Quantization and the Folded Binary Code

Quantizationistheprocessofconvertingacontinuousrangeofvaluesintoafinite
rangeofdiscreetvalues.Thisisafunctionofanalog-to-digitalconverters,whichcreatea
seriesofdigitalvaluestorepresenttheoriginalanalogsignal.Quantizationisrequiredto
converttheanalogsignaltoaPCMcodewithalimitednumberofcombinations.Takingan
example,asinewavewithpeakamplitudeof5v,varyingbetween+5Vand-5Vpassing
througheveryamglitudebetweenthem.APCMcodecouldhaveonlyeightbits,which

equatestoonly2or256combinationsandtobeconverted,thesinewavevalueshaveto
be rounded off.

Sign Magnitude | Decimal Value | Quantization
Range

1 1" +3 +2.5 - 435
1 10 +2 +1.5 -+25
1 01 +1 +0.5 -+15
1 00 +0 +0 - +0.5
0 00 -0 -0 - -05
0 01 -1 -05 --15
0 10 -2 -15 --25
0 1 -3 -25 --35
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TheabovetableshowsthethreebitPCMcode,whichisathree-bitsignmagnitude
codewitheightpossiblecombinations(four+veandfour—ve).Theleftmostbitisthesign
bit(1=+and0=-),andtheremainingtworightmostbitsrepresentmagnitude. T histypeof
codeiscalledfoldedbinarycodebecausethecodesonthebottomhalfofthetablearean
exactmirrorimageofthecodesonthetopexceptforthesignbit. Themagnitudedifference
betweenadjacentstepsiscalledthequantizationintervalorguantum(1Vforabovetable).
Fortheabovecode,themaximumsignalmagnitudethatcanbeencodedis+3V(111)or-3V
(11) andtheminimumis+1V(101)or-1V(001).Ifthemagnitudeofthesampleexceeds
thehighestquantizationinterval,overloaddistortion(peaklimiting)occurs.

AssigningPCMcodestoabsolutemagnitudesiscalledquantizing. Themagnitudeof
aquantumisalsocalledtheresolution.ltisequaltothevoltageoftheleastsignificantbit

(Visb)ofthePCMcode.Thesmallerthemagnitudeofaquantum,thebettertheresolution
andthemoreaccuratelythequantizedsignalwillresembletheoriginalanalogsignal.

L)

|1 |

(a) Analoginputsignal;(b)samplerulse;(c)PAM;(d)PCMcode

Eachsamplevoltageisroundedofftotheclosestavailablequantizationleveland
then converted to its corresponding PCM code. The PAM signal in the transmitter is
essentiallythesamePAMsignalproducedinthereceiver.So,anyround-offerrorsinthe
transmittedsignalarereproducedwhenthecodeisconvertedbacktotheanalogbythe DAC
in the receiver. This error is called the gquantization error (Qe),which is also
guantizationnoise(Qn).Thequantizedsignalshownaboveroughlyresemblestheoriginal
inputsignalaswiththree-bitPCMcode,poorresolutionresultsandonlythreesamplesare
taken from analogsignal.
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Asshownabove,thequalityofPAMsignalcanbeimprovedbyusingaPCMcode
withmorebits,reducingthemagnitudeofquantumandimprovingtheresolution.Also,the
sampling the analog signals at a faster rate increases the quality and the PAM signal

resembles the analog signal closely. Quantization error is given by
Q _ Vmin . Resolution
2 2

Dynamic Range

Itistheratioofthelargestpossiblemagnitudetothesmallestpossiblemagnitude
(other than 0V) that can be decoded by the digital-to-analog converter in thereceiver.
Mathematically,

Vmax
DR _—

\/_._ , where, DR is dynamic range and Vmin is the quantum value (resolution)

andVmaxisthemaximumvoltagemagnitudethatcanbediscernedbythereceiversDACSs.
Dynamicrangecanbeexpressedindecibelsas

/ -
DR =20 log 7\ hex

(dB) :
min

or DF%GE;::ZO log(2n - 1)

,wherenisthenumberofPCMbits.
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SignalVoltage-To-QuantizationNoiseVoltageRatio

Themaximumaquantizationnoiseishalftheresolution.Therefore,theworstpossiblesignal
voltage-to-quantizationnoisevoltageratio(SQR)occurswhentheinputsignalisatits
minimumamplitude.Mathematically,theworst-casevoltageSQRis2.

ForlinearPCMcodes,thesignalpower-to-quantizingnoisepowerratioisdeterminedby
theformula:

=10 | VE/R
SQRw@s) = 101097 22/15y/R

Where, ; is resistance in ohms, v is rms signal voétage in volts, g is quantization interval in

volts,v  /Risaveragesignalpowerinwattsand(q /12)/R is average quantization noise
power in watts.
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Linear versus Nonlinear PCM codes

+ Linearcodes—magnitudechangebetweenanytwosuccessivestepsinuniform
- Resolution/accuracyisthesameforlowerandhigheramplitudesignal
- SQRforlowamplitudesignalislessthantheSQRforhigheramplitudesignal
« Nonlinear—stepsizeincreaseswiththeamplitudeoftheinputsignal
- Morecodesatthebottom
- Distancebetweensuccessivecodesisgreaterforhigheramplitudesignals
- Vmax/Vmin isincreased

Linear PCM codes Nonlinear PCM _fDd"-'-S

:

F & 1 =

Input Level Input Level

Companding

Companding is the process of compressing and expanding and is a means of
increasingthedynamicrangeofacommunicationssystem.Higher-amplitudeanalogsignals
arecompressedpriortotransmissionandthenexpandedinthereceiver.
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Ananaloginputsignalwithadynamicrangeof50dBiscompressedto25dBpriorto
transmissionandthenexpandedbackatthereceiver. WithPCM,compandingmaybe
accomplishedusinganalogordigitaltechniques.

Analog Companding

ol Parallel
PAM e
Serial
Han dpaz Analog Sample and ADC MoSerial | poy
Apalog Filter Coen presmr Held Gt Canverter
Impeat POM
, 1 U1 =ik
b LRV PAM
s Bandps Analog Hald DAC Serial o If
M: T —— Circuit P —— Serial
PM PM
B Purallel
POM

PCMsystemwithanalogcompanding

Inthetransmitter,thedynamicrangeoftheanalogsignaliscompressed,sampled,
andthenconvertedtoalinearPCMcode.Inthereceiver,thePCMcodeisconvertedtoa
PAMsignal filteredandthenexpandedbacktoitsoriginaldynamicrange. Twomethodsof
analogcompandingexist(alsocalledlog-PCMcodes).

u=Lawcompanding:u-lawisacompandingschemeusedintelephonenetworktoget
moredynamicstothe8bitsamplesthatisavailablewithlinearcoding.Compression
characteristicsforu—Lawis

1.0
09
08
0.7
0.6
F(x) 05

Vmax In(1 + "{Vin Nmax})
Vout = 0.1 H

In(1 +p) L 1 1 1 ! L 1 ] L

y 01 02 03 04 05 06 07 08 09 10

u—LawCompressioncharacteristics
Where,
Vmax = maximum uncompressed analog input amplitude (volts)
Vin=amplitudeoftheinputsignalatparticularinstantoftime(volts)
p=parameterusedtodefinetheamountofcompression
(unitless) Vout = compressed output amplitude (volts)

Thegraphshowsthecompressioncurvesforseveralvaluesofy. Thehigherthep,themore
compressionandalsoforpu=0,thegraphislinear.
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A=Law:InEurope,thelTU-ThasestablishedA-lawcompandingtobeusedtoapproximate
truelogarithmiccompanding.CompressioncharacteristicforA-lawcompandingis

A V. 1
Vo m Vo Ao g Ve 1
1+InA Vmax A
1+ In(AV, IV :
Voie™ Vi M wed, 1 Ve g
1+InA AV,

Digital Companding

Digitalcompandinginvolvescompressioninthetransmitteraftertheinputsamplehasbeen
convertedtoalinearPCMcodeandthenexpansioninthereceiverpriortoPCMdecoding.

! bn n J—-_“ Linear Com preamed
» e UL Faralle] Parallel 3
1T - PAM POM POM '-‘-HE:.'_T
—p| Bumdpe Sumple and ADC Dugrtal WwSerial I
Analog Filter Hald Ckt (e pre-sencs Can verter
Eml. POM
- -l i
i/ .
' Ban dps Hald DAC Digital Serial w0 it
Aaleg Filter Careuit Rrpender Canverter Serial
! oM e
e Lamenr Com preamed
Parallel Parallel
PCM P

RecentdigitallycompressedPCMsystemsuseal2-bitlinearPCMcodeandaneight-bit
compressedPCMcode.Thecompressionandexpansioncurvescloselyresembleanalog p-
lawcurveswithap=255.

Thefollowingfigureshows12-toeight-bitdigitalcompressioncurveforpositivevaluesonly.
Fornegativevalues,it'sidenticalbutjustinverse. Though16segmentsarepresent,this
schemeiscalled13-segmentcompressionbecausethecurveforsegments+0,+1,-0and-1 is a
straightline.

Thedigitalcompandingalgorithmforal2-bitlineartoeight-bitcompressedcodeisquite
simpleandthecompressedcodeconsistsofasignbit,athree-bitsegmentidentifier,anda
five-bit magnitude code which specifies the quantization interval within the specified
segment.
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u- 255 encoding and decoding table
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In the encoding table shown above, the bit positions designated with an X are
truncatedduringcompressionandthereafterlost.BitsdesignatedbyA,B,C,Dalongwith
thesignbitaretransmittedasis. Theanalogsignalissampledandconvertedtoalinear12-
bitsign-magnitudecode.Thesignbitistransferreddirectlytoaneight-bitcompressedcode.
Thesegmentnumberintheeight-bitcodeisdeterminedbycountingthenumberofleading
0’sinthe11-bitmagnitudeportionofthelinearcodebeginningwiththemost-significantbit
andthensubtractingthenumberofleadingOsfrom7,whichisthesegmentnumber.The
segmentnumberisconvertedtoathree-bitbinarynumberandinsertedintotheeight-bit
compressedcodeasthesegmentidentifier. Thefourmagnitudebits(A,B,C,D)represent
thequantizationintervalandaresubmittedintotheleast-significantfourbitsoftheeight-  bit

compressedcode.
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Segments2through7aresubdividedintosmallersubsegments.Eachsegment
consistsofl6subsegmentscorrespondingtothel6conditionspossibleforbitsA,B,CandD
(0000-1111).Insegment2,therearetwocodespersubsegmentandinsegment3,there
arefour.Thenumberofcodespersubsegmentdoubleswitheachsubsequentsegment.So,
insegment7,eachsubsegmenthas64codes.Inthedecoder,themostsignificantofthe
truncatedbitsisreinsertedaslogicl.Theremainingtruncatedbitsarereinsertedas0s.This
minimizesthemagnitudeoferrorintroducedbycompressionandexpansionprocess.
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Digital Compression Error

Themagnitudeofthecompressionerrorisnotthesameforallsamples.However,the
maximumpercentageisthesameineachsegment(otherthansegmentsOandl1,where
thereisnocompressionerror),whichiscalculatedusing:

12-bit encoded voltage - 12-bit decoded voltage
% error = X 100

12-bit decoded voltage

EveryfunctionperformedbyaPCMencoderanddecoderisnowaccomplishedwithasingle
integrated-circuitchipcalledcodec.Someofthemostrecentdevelopedcodecsarecalled
combo chips, as they include an antialiasing (band-pass) filter, a sample-and-hold circuit,
andanADCintransactionandaDAC,aholdcircuit,andabandpassfilterinthereceive
section.

PCM Line Speed

LinespeedisthedatarateatwhichserialPCMbitsareclockedoutofthePCMencoderonto
thetransmissionline.Linespeedisdependentonthesamplerateandthenumberofbitsin
thecompressedPCMcode.Mathematically,itis:

| samples bits
ine speed = —__ —
' second sample  yhere

Linespeedisthetransmissionrateinbitspersecond,samples/secondissamplerate(fs)
andbits/sampleisnumberofbitsinthecompressedPCMcode.

Delta Modulation PCM and Differential PCM

DeltamodulationPCMusesasingle-bitPCMcodetoachievedigitaltransmissionof
analogsignals.Here,onlyasinglebitistransmitted,whichsimplyindicateswhetherthe
presentsampleislargerorsmallerinmagnitudethantheprevioussample.lfthecurrent
sampleislargerinmagnitudethanaprevioussample,alogiclistransmittedandifits
smaller,logicOistransmitted.

Differentialpulsecodemodulation(DPCM)takesadvantageofthesample-to-sample
redundanciesintypicalspeechwaveforms.WithDPCM,abinarycodeproportionaltothe
differenceintheamplitudeoftwosuccessivesamplesistransmittedratherthanabinary
codeofanactualsample.Astherangeofsampledifferencesislessthantherangeof
individualsampleamplitudes,fewerbitsarerequiredforDPCMthanforconventionalPCM.
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MULTIPLEXING AND T CARRIERS
Time- Division Multiplexing, T1 Digital Carrier System, North American Digital
Multiplexing Hierarchy, Digital Line Encoding, T Carrier systems, European Time- Division
Multiplexing, Statistical Time — Division Multiplexing, Frame Synchronization, Frequency-
Division Multiplexing, Wavelength- Division Multiplexing, Synchronous OpticalNetwork

Multiplexingisthetransmissionofinformationfrommorethanonesourcetomore
than one destination over the same transmission medium. Multiplexing is accomplishedin
variousdomainssuchasspace,time,phase,frequencyandwavelength.

Time Division Multiplexing

WithTDMsystem,transmissionfrommultiplesourcesoccursonthesametransmission
mediumbutnotatthesametime.Transmissionfromvarioussourcesisinterleavedintime
domain.ThetwobasicformsofTDMare:SynchronousTDM(STDM)andAsynchronous(or)
Statistical TDM(STATDM)

Channel §
Chaunel 4
Channel 3
Channel 2
Channel 1

Channel 5
Channel 4
Channel 3

Channel 1

e,

~

Ol
AT
¥

InsynchronousTDM,timeslot'X'isassignedtousermaloneandcannotbeusedbyany other
user or other device. T-1 and ISDN telephone lines are common examples of
synchronoustimedivisionmultiplexing.AsynchronousTDMnetworksassigntimeslotsonly
whentheyaretobeusedanddeletethemwhentheyareidle.STATDMisusedinhigh
densityandhightrafficapplications.

WithPCM-TDMsystem,twoormorevoicechannelsaresampled,convertedtoPCM
codes,andthentime-divisionmultiplexedontoasinglemetallicoropticalfibercable.
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TheabovefigureshowsablockdiagramforaPCMcarriersystemcomprisedoftwo
DS-Ochannelsthathavebeentime-divisionmultiplexed.Eachchannel’sinputisalternately
sampledatan8-kHzrteandconvertedtoaneight-bitPCMcode.WhilethePCMcodefor
channel-lisbeingtransmitted,channel-2issampledandconvertedtoPCMcode.Whenits
turnforchannel-2’sPCMcodetobetransmitted,thenextsampleistakenfromchannel-1

andconvertedtoPCMcode.Thisisacontinuousprocess.

1 TDM frame

— 125us >

8-bit PCM code

8-bit PCM code {
1 channel 2

channetl 1

Themultiplexerissimplyanelectronicallycontrolleddigitalswitchwithtwoinputs
andoneoutput.Oneeight-bitPCMcodefromeachchanneliscalledaT DMframeandthe
timeittakestotransmitoneTDMframeiscalledframetimeanditisequaltoreciprocalof
samplerate.TheabovefigureshowstheframeallocationforatwochannelPCMsystem.
ThePCMcodeforeachchanneloccupiesafixedtimeslotwithinthetotal TDMframe.

44.376 Mbps
7 1DS-2 or 28 DS-1
or 672 DS-0

24

274.176 Mbps
6 DS-3 or
42 DS-2

DS-hierarchy

T1 Digital CarrierSystem

Adigitalcarriersystemisacommunicationssystemthatusesdigitalpulserather
thananalogsignalstoencodeinformation. Thefollowingfigureshowsablockdiagramoffor
theBellsystemT ldigitalcarriersystem,whichistheNorthAmericantelephonestandard.

Sumpling at 8000 samples/second
using 8 bits per sample

4 Khz G40 bps
_i;:" pon LI BN
= T-1 line 1.544 Mbps
= —\mmmm |7 24 x 64 Kbps
=t PCM + 8 Kbps overhead
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=
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AT lcarriersystemtimedivisionmultiplexesPCMencodedsamplesfrom24voice
bandchannelsfortransmissionoverasinglemetallicwirepairorafiberopticcable.The
multiplexerhas24independentinputsandonetime-divisionmultiplexedoutput. The24
PCMoutputsignalsaresequentiallyselectedandconnectedthroughthemultiplexertothe
transmissionline.TobecomeaT 1carrier,thesystemhastobelineencodedandplacedon
specialconditionedcablescalledT1lines.

AtransmittingportionofaChannelBankdigitallyencodesthe24analogchannels,
addssignallinginformationintoeachchannel,andmultiplexesthedigitalstreamontothe
transmissionmedium.Thereceivingportionreversestheprocess.Eachofthe24channels
containsaneight-bitPCMcodeandissampled8000timesasecond.Eachchannelis
sampledatthesamerate,butmaynotbeatthesametime.Thelinespeediscalculatedas:

24 channels 8 bits 192 bitsframe . 8000 frames
X = 192 bitsframe __

= 1536 Mbps

frame charmel > frame S

Later,anadditionalbitcalledtheframingbitisaddedtoeachframe.Theframingbit
occursonceperframeandisrecoveredatthereceiveranditsmainpurposeistomaintain
frameandsamplesynchronizationbetweenTDMtransmitterandreceiver.

123156?&!21!5&? 123486867 1234 68T
Tirme Slol 1 ‘ Tirne Slot 2 Tirma Slot 3 Tima Siot 24
p—————— 1 Frame = 183 Bix (182 UData Pt 1 Frameng] - 125 utec

Asaresultofthisextrabit,eachframenowcontains193bitsandthelinespeedfor
aTldigitalcarriersystemis1.544Mbps.{193bitsx8000frames=1.544Mbps}
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D-Type Channel Banks

DtypeChannelBankreferstothetermsusedinT1ltechnology.ChannelBank
definesthetypeofformattingthatisrequiredfortransmissiononT1trunk. Thepurposeof
aChannelBankinthetelephonecompanyistoformthefoundationofmultiplexingand
demultiplexingthe24voicechannels(DS0).Dtype ChannelBankisoneofthetypesof
ChannelBankwhichisusedfordigitalsignals. TherearefivekindsofChannelBanksthatare
usedintheSystem:D1,D2,D3,D4,andDCT(DigitalCarrierTrunk).

EarlierT1carriersystemsusedD1digitalchannelbanks(PCMencoders)witha
seven-bitmagnitude-onlyPCMcode,analogcompandingandap=100.Modernversions
usedigitalcompanded,eight-bitsignmagnitude-compressedPCMcodeswithapu=255.

Superframe TDM Format

The8-kbpssignallingrateusedwiththeearlydigitalchannelbankswasexcessivefor
signalingonstandardtelephonevoicecircuits. Therefore,withmodernchannelbanks,a
signaling bit is substituted only into the least-significant bit (LSB) of every sixthframe.
Hence,fiveofeverysixframeshaveeight-bitresolution,whileoneineverysixframes(the
signalingframe)hasonlyseven-bitresolution.

Becauseonlyeverysixthframeincludesasignalingbit,itisnecessarythatallthe
framesbenumberedsothatthereceiverknowswhentoextractthesignalingbit.Also,
becausesignalingisaccomplishedwithatwo-bitbinaryword,itisnecessarytoidentifythe
most- and least-significant bits (MSB and LSB, respectively) of the signaling word. A
Superframeformatwasdevisedasshownbelow.
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Within each super- frame are 12 consecutively numbered frames (1 to12).The
signalingbitsaresubstitutedinframes6and12,theMSBintoframe6,andtheLSBinto
framel2.Frameslto6arecalledtheAhighway,withframe6designatedtheAchannel
signalingframe.Frames7tol2arecalledtheBhighway,withframel2designatedtheB
channelsignalingframe.Therefore,inadditiontoidentifyingthesignalingframes,thesixth  and
twelfth frames must also be positively identified. To identify frames 6 and 12, a
differentframingbitsequenceisusedfortheodd-andeven-numberedframes.Theodd
frames(frames1,3,5,7,9,and11)haveanalternating1/0)pattern,andtheevenframes
(frames2,4,6,8,10,and12)havea001110repetitivepattern.Asaresult,thecombined
framingbitpatternis100011011100.Theoddnumberedframesareusedforframeand
sampleSynchronizationandtheeven-numberedframesareusedtoidentifytheAandB
channelsignalingframes(frames6and12).Frame®6isidentifiedbyaO/ltransitioninthe
framingbitbetweenframes4and6.Framel12isidentifiedbyal/Otransitionintheframing
bitbetweenframes10and12.

D4channelbankstime-divisionmultiplex48voice-bandtelephonechannelsand
operateatatransmissionrateof3.152Mbps,whichisslightlymorethantwicetheline
speedfor24-channelD1,D2,orD3channelbanksbecausewithD4channelbanks,rather  than
transmitting a single framing bit with each frame, a 10-bit frame synchronization
pattern isused.

Linespeediscalculatedas:totalnoofbitsis8bits/channelx48channels=384bits/frame
AnadditionallObitsareaddedforframe:so394bits/frame.Therefore,linespeedofDS-1C
systemis394x8000=3.152Mbps

Extended Superframe Format

In telecommunication, an Extended Super Frame (ESF) is a T1 framing standard,
sometimescalledD5framingbecauseitwasfirstusedintheD5ChannelBank,inventedin
the1980s.ltrequireslessfrequentsynchronizationthantheearliersuperframeorD-4
format,andprovideson-line,real-timetestingofcircuitcapabilityandoperatingcondition.

INESF,asuperframeis24frameslong,andthe193rdbitofeachframeisusedasframing
bit.Only6ofthe24framingbitsareusedforframesynchronization.Framesynchronization
bitsoccurinframes4,8,12,16,20and24andhaveabitsequenceof001011.Sixadditional
framingbitsinframes1,5,9,13,17,and21areusedforanerror-detectioncodecalled CRC-6
(cyclic redundancy checking). The 12 remaining framing bits provide for a
managementchannelcalledthefacilitiesdatalink(FDL).FDLbitsoccurinframes2,3,6,7,
10,11,14,15,18,19,22,and23.

Theextendedsuperframeformatsupportsafour-bitsignalingwordwithsignaling
bitsprovidedinthesecondleast-significantbitofeachchannelduringeverysixthframe.
Thesignalingbitinframe6iscalledtheAbit,inframel12iscalledtheBbit,inframe18isC
bitandinframe24iscalledDbit. ThesesignalingstreamsaresometimescalledtheA,B,C
andDsignalingchannels(orsignalinghighways).
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Fractional T Carrier Service

FractionalTcarrieremergedbecausestandardT1earnersprovideahighercapacity
(i.e.,higherbitrate)thanmostusersrequire.Fractional T 1systemsdistributethechannels
(i.e.,bits)inastandardT1systemamongmorethanoneuser,allowingseveralsubscribers to
share one T1lline. Bit rates offered with fractional T1 carrier systems are 64kbps (1
channel),128kbps(2channels),256kbps(4channels),384kbps(6channels),512kbps(8
channels),and768kbps(12channels),with384kbps(1/4T1)and768kbps(1/2T1)being
themostcommon.Theminimumdataratenecessarytopropagatevideoinformationis384 kbps.
Theabovefigureshowsfoursubscriberscombiningtheirtransmissionsinaspecialunit

M
User 1

User?2 4
!
=~ 44 Mbps T1 fine
psu/csy | 5 e
v (Users 1,2 and 4
: A
User 3 K L : i
.
3 kb framing t
768 K
Userd |

ractional T1 carmer serace

calledadataserviceunit/channelserviceunit(DSU/CSU).ADSU/CSUisadigitalinterface
thatprovidesthephysicalconnectiontoadigitalcarriernetwork.Userlisallocated128
kbps,user2-256kbps,user3-384kbps,anduser4-768kbpsforatotalofl.536kbps(8
kbpsisreservedfortheframingbit).
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North American Digital Multiplexing hierarchy
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TheabovefigureshowstheAmericanTelephoneandTelegraphCompany’s(AT&T’s)
North American Digital Hierarchy for multiplexing digital signals into a single higher-speed
pulsestreamsuitablefortransmissiononthenexthigherlevelofthehierarchy.Aspecial
devicecalledmuldem (multiplexers/demultiplexer)isusedtoupgradefromonelevelinthe
hierarchytothenext-higherlevel. Theyhandlebit-rateconversionsinbothdirectionsand
aredesignatedasM12,M23etc.whichidentifiestherespectiveinputandoutputdigital
signals.Asshown,anM12muldeminterfacesDS-1andDS-2digitalsignals.AlsoDS-1signals
canbefurthermultiplexedorlineencodedandplacedonspeciallyconditionedcablescalled

Illines.
Digitalsignalsareroutedatcentrallocationscalleddigitalcross-connects(DSX),

whichareconvenientformakingpatchableinterconnectionsandroutinemaintenanceand
troubleshooting.Eachdigitalsignal(i.e.DS-1,DS-2,etc)hasitsowndigitalswitch(DSX-1, DSX-
2...).

Digital Line Encoding

It involves converting standard logic levels to a form more suitable for telephone line
transmission. Six factors must be considered

TransmissionvoltagesandDCcomponent:Transmissionvoltagesorlevelscanbe
categorizedasbeingeitherunipolar(UP)orbipolar(BP).Unipolartransmissioninvolvesthe
transmissionofonlyasinglenonzerovoltagelevel(either+veor—veforlogiclandaOVfor
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logic0).Inbipolartransmission,twononzerovoltagesareinvolved(+vevoltageforlogicl
andequal—-vevoltageforlogicO).

Duty cycle: The duty cycle of a binary pulse can be used to categorize the type of
transmission.lfthebinarypulseismaintainedfortheentirebittime,thisiscallednonreturntoz
ero(NRZ).Iftheactivetimeofthebinarypulseislessthan100%ofthebittime,it’s
calledreturntozero(RZ).UnipolarandBipolartransmissionvoltagescanbecombinedwith
eitherRZorNRZinseveralwaystoachieveaparticularline-
encodingscheme.Alternatemarkinversion(AMI)schemeinvolvestwononzerovoltagelev
els(-Vand+V)butboth polaritiesrepresentlogiclsand0OVrepresentslogicO

- - Unipolar INRL
Llne COdlng Summary 1 represented by a +ve voltage for a
_ duration of T sec;

° : : ¢ ) : 0 represented by a zero voltage for T sec

LIPNRZ l l | l Unipolar RZ
v 13 1— : i i 1 represented by a +ve voltage for T/2 sec,
followed by zero voltage for T/2 sec,
UPRZ I l ] ] ' 0 represented by a zero voltage for T sec
| 1 | Bipolar NRZ
1 represented by a +ve voltage for T sec;
DPNRZ - IY 0 represented by a -ve voltage for T sec
t Bipolar RZ
1 represented by a +ve voltage for T/2 sec,
- 1 M followed by zero voitage for T/2 sec;
BPRY : [ [ = - 0 is represented by a -ve voltage for T/2
[_ [__ _J sec. followed by a zero voltage for T/2 sec
Bipolar NRZ-AMI
—j 1 1 represented by alternating +ve and -ve
BPNRZ-AMI 4 : | . voltages for T sec;
[ J | | O represented by a zero voltage for T sec
T ]” ) Bipolar RZ-AMI
BPRZ-AMI 1 L1 | B 1 represented by alternating +ve and -ve
L voltages for T/2 sec;

0 represented by a zero voltage for T sec

WithNRZencoding,alongstringofeitherlogic1orlogicO’sproducesaconditioninwhicha
receivermayloseitsamplitudereferencefordiscriminationbetweenreceived1’sand0’s.
Thisconditioniscalleddcwandering.

BandwidthRequirements:Theminimumbandwidthrequiredtopropagatealine-encoded
digital signal is determined by the highest fundamental frequency, which is in turn
determinedbytheworst-case(fastesttransition)binarysequence.For,UPNRZandBPNRZ
theworst-caseisalternating1/0sequencemakingthehighestfundamentalfrequencyone-
halfofthebitrate (f,/2).WithBPRZ ,itoccursforsuccessivelogic1’sand0’smakingthe
minimumbandwidthequaltobitratef,. WithBPRZ-AMI,theworst-caseconditionistwoor
moreconsecutivelogic1’s,andminimumbandwidthisone-halfofbitrate (fu/2).
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Clockandframingbitrecovery:Tomaintainclockandframingbitsynchronization,there
mustbesufficienttransitionsinthedatawaveform.Amongall,BPRZisthebestencoding
schemeforclockrecoveryasatransitionoccursineachpositionregardlessofwhetherthe
bitisalorO.

Errordetection:WithUPNRZ,BPNRZ,UPRZ,andBPRZencoding,thereisnowayto
determineifthereceiveddatahaveerrors.However,withBPRZ-AMJencoding,anerrorin
anybitwillcauseabipolarviolation(BPV—thereceptionoftwoormoreconsecutivelogicis ~ with
the same polarity). Therefore, BPRZ-AMI has a built-in error-detection mechanism. T
carriersuseBPRZ-AMI,with+3Vand—3Vrepresentinglogicland0Vrepresentingalogic O.

Digital Biphase: Digital biphase(sometimes called the Manchester code or diphase) is a
populartypeoflineencodingthatproducesastrongtimingcomponentforclockrecovery
anddoesnotdcwandering.BiphaseisaformofBPRZencodingthatusesonecycleofa
squarewaveatO phasetorepresentalogiclandonecycleofasquarewaveat1800

phase to represent a logic 0.
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Manchestercodesalwayshaveatransitionatthemiddleofeachbitperiod,and
dependingonthestateofthesignal,mayhaveatransitionatthebeginningoftheperiodas
well.Inaddition,assumingequalprobabilityoflsandOs,theaveragedcvoltageisOV.and
thereisnodcwandering.Adisadvantageofbiphaseisthatitcontainsnomeansoferror
detection.

T Carrier Systems

TcarriersareusedforthetransmissionofPCM-encodedtime-divisionmultiplexeddigital
signals. Digital signals deteriorate as they propagate along a cable and regenerative
repeaters are placed at periodic intervals. It has three functional blocks: an
amplifier/equalizer, a timing clock recovery circuit, and the regenerator itself. The
amplifier/equalizerfiltersandshapestheincomingdigitalsignalandraisesitspowerlevelso
thattheregeneratorcircuitcanmakeapulse-nopulsedecision.

L

[ e ] Mﬂ
L PU’\J
1
_.il_q.
i |
1

e

bt e ] ||

From projredics [— | —  aRPCM

LA Pag vy _——— wsd | b WAE il [—
i s atrEr | J an wnaroted date

L ]

1 TELE

[ |
'ﬂ.r‘ -EI|||1|1
Chach

e 23




DataCUnit-2 DigitalTransmission
Multiplexing and T carriers

The timing clock recovery circuit reproduces the clocking information from the
received data and provides the proper timing information to the regenerator so that
samplescanbemadeattheoptimumtime, minimizingthechanceofanerroroccurring.A
regenerativerepeaterissimplyathresholddetectorthatcomparesthesampledvoltage
receivedtoareferencelevelanddetermineswhetherthebitislogiclorlogicO.Spacingof
repeaters is designed to maintain an adequate signal-to-noise ratio for error-free
performance.

I1 Carrier System

T1carriersystemsweredesignedtocombinePCMandTDMtechniquesforthe
transmissionof2464-kbpschannelswitheachchannelcapableofcarryingdigitallyencoded
voicebandtelephonesignalsordata. Thetransmissionbitrate(linespeed)foraT 1carrieris
1.544 Mbps. Using TDM, T1 divides this bandwidth into 24 individual DS-0 channels,
samplingeachchannel8000timespersecond. Thus8x8000samplespersecondgiveeach
ofthe24DS-0channelsadatarateof64kbps.All24DS-0channelscombinedhasadata
rateofl.544Mbps;thisdigitalsignalleveliscalledDS-1.ThereforeT1linesaresometimes
referredtoasDS-1lines.

Alternate mark inversion (AMI) is the type of line coding used for T1 lines.
Electrically,thesignaltransmittedonaT 1lineisabipolar,return-to-zero(RZ)signal. This
simplymeansthateachlogicallbitistransmittedasapositiveoranegativepulse,after
whichthelinevoltagealwaysreturnstozero.AlogicalObitistransmittedasazerovoltage
ontheline.ThisformatisknownasAMIlbecauseeachlogicallbit(pulseormark)isof
oppositepolarityfromthepreviousone.

Alternate mark inversion (AMI)

Data 0oj0|1 |10 |1 (001

e | LI LT
T [

OneadditionalbenefitoftheAMIbipolarformatisthatitpermitsdetectionoflineerrors.If
alineproblemcausesapulsetobedeletedoranunintendedpulsetobetransmitted,two
consecutivepulseswiththesamepolarityonthelinewillresult,calledabipolarviolation
(BPV).

WithmodernT 1carriers,atechniquecalledbinaryeightzerosubstitution(B8ZS)is used
to ensure that sufficient transitions occur in the data to maintain clock
synchronization.Here,whenevereightconsecutiveOsareencountered,oneoftwospecial
patternsissubstitutedfortheeightOs,either+-0-+0000r-+0+-000.The+and—represent
bipolarlogiclconditionsandaOindicatesalogicOcondition.
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T1 frame—24 timeslots per frame,
8000 frames per second

Bipolar 8-zero substitution (BBZS)}—ones
density enforcement on T1 lines
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Theeight-bitpatternsubstitutedfortheeightconsecutiveOsistheonethatpurposely
induces bipolar violations in the fourth and seventh bit positions. This code is then
interpretedattheremoteendoftheconnection.Afull1.544MbpsT 1llinecontains24
fractionalT1lines(abbreviatedasFT1),eachwithabandwidthof64kbps.

Wiailwbion

Someofthelimitationsof T 1servicesare: Theyareveryexpensive,installationcostisalso
veryhighandsomecaseimproperutilizationofbandwidth.

T2 Carrier System

T2carrierstime-divisionmultiplex9664-kbpsvoiceordatachannelsintoasingle6.312
Mbpsdatasignalfortransmissionovertwisted-paircopperwireupto500milesovera
specialLOCAP(lowcapacitance)metalliccable.Highertransmissionratesmakeclock
synchronization even more critical. So, an alternative method called binary six zero

B&6ZS Example
Unginal data: g - 0 0 0 0 0 0 0 + 0 - <+
After substimtion: ©0 - 0 _ - + 0 + - 0 + 0 - +
Original data: 0 + 0 0 0 O 0 O 0 - 0 +
After substitution:. 0 + 0_+ - 0 - + 0 - 0 +

WheneversixconsecutivelogicOsoccur,either0-+0+-or0+-0-+issubstituted,and this
code is selected to create a bipolar violations in the second and fourth bits of the
substitutedpatterns.
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I3 Carrier System

T3carrierstime-divisionmultiplex67264-kbpsvoiceordatachannelsfortransmissionover a
single 3A-RDS coaxial cable. The transmission bit rate is 44.736 Mbps and coding

T4M Carrier System
T4Mcarrierstimedivisionmultiplex403264-kbpsvoiceordatachannelsfortransmitting
overasingleT4Mcoaxialcableupto500miles.Thetransmissionrateisveryhigh(274.16
kbps)makingsubstitutingpatternsimpractical. TheytransmitscrambledunipolarNRZ

digitalsignals.

I5 Carrier System

T5carrierstime-divisionmultiplex806464-kbpsvoiceordatachannelsandtransmitsthem
at560.16Mbpsoverasinglecoaxialcable.

European Time-DivisionMultiplexing

InEurope,adifferentversionofTcarrierlinesisusedcalledElines.Withthebasic
Elsystem,al25usframeisdividedinto32equaltimeslots. TimeslotOisusedforaframe
alignmentpatternandforanalarmchannel. Timeslot1l7isusedforacommonsignallingchan
nel(CSC).Thesignallingforall30voice-bandchannelsisaccomplishedonthecommon
signallingchannel.Consequently,30voice-bandchannelsaretime-divisionmultiplexedinto
eachE1lframe.Everyslothaseightbits.Sothenumberofbitsperframeisgivenas:

8 bits 32 time slots

time slot frame

= 256 bits/frame

And the line speed can be given as 256 bits/frame x 8000 frames/second = 2.408 Mbps

Statistical Time Division Multiplexing

Statisticaltimedivisionmultiplexing,isonemethodfortransmittingseveraltypesofdata
simultaneously across a single transmission cable or line. STA-TDM is often used for
managingdatabeingtransmittedviaalocalareanetwork(LAN)orawideareanetwork
(WAN). A statistical TDM multiplexer exploits the natural breaks in transmissions by
dynamicallyallocatingtimeslotsonademandbasis.AslikesynchronousTDMsystem,a
statistical mux has a finite number of low-speed data input lines with one high-speed
multiplexeddataoutputline,andeachinputlinehasitsowndigitalencoderandbuffer.  With
the statistical mux, there are ninput lines and k time slots available (k >n). The
multiplexerscanstheinputbuffers,collectingdatauntilaframeisfilled,atwhichtimethe
frameistransmitted.Onthereceivingend,thedemultiplexerremovesthedatafromthe
timeslotsanddistributestotheirappropriateoutputbuffers. Statisticalmultiplexersrequire
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lowdataratethansynchronousmultiplexers.Also,theycansupportmoreusersoperating
atthesametransmissionrate.
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With Statistical multiplexing, control bits must be included in the frame. The
following figure shows the overall frame format for a statistical TDM multiplexer.

Ststistical VMW sabdfirasms

ICTR A LU T

Theframeincludesabeginningflagandendingflagtoindicatethestartandendofframe,
anaddressfieldthatindicatesthetransmittingdevice,acontrolfield,astatisticalTDM
subframe,andaframechecksequencefield(FCS),whichprovideserrordetection.

I Address | Data I

(b) Subframe with one source per frame
The above figure shows the frame when only one data source is transmitting. The
transmitting devise is identified in the address field. The data field is variable and this
scheme works well in times of light loads, but inefficient for heavy loads.
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Theabovefigureshowsawaytoimproveefficiencybyallowingmorethanonedatasource
tobeincludedwithinasingleframe.
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Frame Synchronization

WithTDMsystems, itisimportantnotonlythataframehastobeidentified,butalso
individual timeslots within the frame be identified. There are several methods used to
establish frame synchronization, including added digit, robbed digit, added channel,
statisticalanduniquecoding.Considerableamountofoverheadisaddedtotransmissionto
achieve framesynchronization

d|g|tfram|ng AspeC|aIfram|ngdlglt(framlngpulse)|saddedtoeachframe The
maximum average synchronization time izs given by

Synchronization time = 2NT = 2N tp
Where N is number of bits per frame and T is frame period of Ntp and tp is bit time.
2. Robbed-BigitFraming:-Added-digitframingisinefficientwhenashortframeis

usedmthecaseofsmgle channelPCMsystems.Asanalternative,theleastsignificant

bltofeveryn framelsreplacedW|thafram|ngblt Thisprocessiscalledrobbed-digit
framing and it does not interrupt transmission, but instead periodically replaces
information bits with forced data errors to maintain frame synchronization.

3. Added-ChannelFraming:-ltisessentiallysameasadded-digitframingexceptthat
digitsareaddedingroupsorwordsinsteadofasindividualbits. Theaveragenumberof

bitstoacquireframesynchronizationusingadded-channelframingisN /2(2 —1)

where N is number of bits per frame and K is number of bits in the synchronizing word.

4. StatisticalFraming:-Herenorobbingoraddingdigitsisdone.Asasignalthathasa
centrallypeakedamplitudedistributiongeneratesahighprobabilityoflogiclinthe
seconddigit,theseconddigitofagivenchannelcanbeusedfortheframingbit.

5. Unique-LineCodeEraming:-Somepropertyoftheframingbitisdifferentfromthe
databits. Theframingbitiseithermadehigherorlowerinamplitudeorwithadifferent
timeduration.Theadvantageisthatsynchronizationisimmediateandautomatic.The
disadvantageisadditionalprocessingrequirementsnecessarytogenerateandrecognize
the uniquebit.

Frequency Division Multiplexing

Assignment of non-overlapping frequency ranges to each “user” or signal on a
medium, such that all signals are transmitted at the same time, each using different
frequencies.FDMisusedforcombiningmanyrelativenarrowbandsourcesintoasingle
widebandchannel,suchasinpublictelephonesystems.EssentiallyFDMistakingagiven
bandwidthandsubdividingitintonarrowsegmentswitheachsegmentcarryingdifferent
information.FDMisananalogmultiplexingscheme.
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Intheabovefigure-b,fivesignalsourcesarefedintoamultiplexerthatmodulates

each signal onto a different frequency (f1, f2, 3, f4, f5). To prevent interference, the
channelsareseparatedbyguardbands,whichareunusedportionsofthespectrum.With
FDM, each user has its own modulating circuitry, a transmitter, a receiver and a
demodulator.Thechanneliscommontoallusers.Sinceeachtransmitterisusingacarrierof a
different frequency, there is no interference unless the sidebands or carriers are
incorrectlyassignedandthereforeoverlap.AM,FMandcableTVbroadcastingaremost
commonexamplesofFDMwhereeachstationusesadifferentfrequencyband.

Advantages of FDM:
1. InFDMsystem,userscanbeaddedtothesystembysimplyaddinganotherpairof
transmittermodulatorandreceiverdemodulators.
2. FDMsystemsupportfullduplexinformationflowwhichisrequiredbymostofthe
applications
3. Noiseproblemforanalogcommunicationhaslesseffect.

Disadvantages of FDM:
1. Theinitialcostishigh,whichincludesthecablebetweenthetwoendsand
associatedconnectorsforthecable.
2. Oneusersproblemcansometimesaffectothers
3. Eachuserrequiresaprecisecarrierfrequency.

Wavelength-Division Multiplexing

WDMinvolvestransmissionofmultipledigitalsignalsusingseveralwavelengths
withouttheirinterferingwithoneanother.Thistechnologyenablesmanyopticalsignalsto
betransmittedsimultaneouslybyasinglefibercable.ltisalsoreferredtoaswave-division
multiplexing.

WDMisaccomplishedbymodulatinginjectionlaserdiodes,whicharetransmitting
highly concentrated light waves at different wavelengths (i.e. at different optical
frequencies).ThereforeWDMiscouplinglightattwoormorediscretewavelengthsintoand
outofanopticalfiber.Eachwavelengthiscapableofcarryingvastamountsofinformation
ineitheranalogordigitalform,andtheinformationcanalreadybetime-orfrequency-
divisionmultiplexed.
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WAVELENGTH DIVISION MULTIPLEXING
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Advantages of WDM:
1. Enhancedcapacityasfull-duplextransmissionisalsopossiblewithasinglefiber.
2. WDMisinherentlyeasiertoreconfigure(i.e.addingofremovingchannels)

3. Usageofopticalcomponentsmakesitsimpler,morereliableandoftenless
costly Disadvantages ofWDM:

1. Signalscannotbeplacedsocloseinthewavelengthspectrumthattheyinterfere with
eachother.

2. Theoverallsignalstrengthshouldbeapproximatelythesameforeachwavelength
whichmaynotbepossible.

3. LightwavescarryingWWDMarelimitedtoatwo-pointcircuitoracombinationof
manytwo-pointcircuitsthatcangoonlywherethecablegoes.

Dense wavelength division multiplexing (DWDM) is a fiber-optic transmission technique
that employs light wavelengths to transmit data parallel-by-bit or serial-by-character.
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Advantages:

» Protocol & Bit Rateindependence
» Increased overall capacity at much lowercost

Current fiber plant investment can be optimized by a factor of at least32

» Transparency

Physical layer architecture

>

Gigabit Ethernet, etc.

» Scalability

DigitalTransmission
Multiplexing and T carriers

supports both TDM and data formats such as ATM,

Utilize abundance of dark fibers in metropolitan areas and enterprise networks

Disadvantages:
> DisQersion

Chromaticdispersion

Polarization modedispersion

» Attenuation

Intrinsic: Scattering, Absorption,etc.

Extrinsic: Manufacturing Stress, Environment,etc.

» Four wavemixing

Non-linear nature of refractive index of opticalfiber

Limits channel capacity of the DWDMSystem

Advamtages and disadvantages of multiplexing techniques

Multiplexing Technique Advantages Disadvantages
Frequency Division  Simple Analog signals only
Multiplexing
Popular with radio, TV, cable TV Limited by frequency ranges
Relatively inexpensive
All the receivers, such as cellular
telephones, do not need to be at
the same location
Synchronous Time Digital signals Wastes bandwidth
Division Relatively simple
Multiplexing Commonly used with T-1

Statistical Time
Division
Multiplexing

Dense Wavelength
Division
Multiplexing

Code Division
Multiplexing

and 151N

More efficient use of bandwidth
Packets can be various sizes
Frame can contain control

and error information

Very high capacities over fiber
Scalable
Signals can have varying speeds

Large capacities
Scalable

More complex than
synchronous time division
multiplexing

Cost
Complexity

Complexity

31




DataCUnit-2 DigitalTransmission
Multiplexing and T carriers

Synchronous Optical Network (SONET)

Thesynchronousopticalnetworkisamultiplexingsystemsimilartoconventional
time-divisionmultiplexingexceptSONETwasdevelopedtobeusedwithopticalfibers.
SONETisthenameforastandardfamilyofinterfacesforhighspeedopticallinks. These
startat51.84Mbps,whichisreferredtoassynchronoustransportlevel1(STS-1).ltis
comprisedof28DS-1signals.EachDS-1signalisequivalenttoasingle24-channelT 1digital
carriersystem.WithSTS-1,itispossibletoextractoraddindividualDS-1signalswith
completelydisassemblingtheentireframe.OC-48isthesecondlevelof SONETmultiplexing.
Ithasatransmissionbitrateof2.48Gbps.

SONET Applications:
1. High speed backbonenetworks
2. Basic architecture forB-ISDN
3. Basic architecture forATM
4. Highspeedopticalnetworksfordatacommunications.
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Questions

1. a) What is a T carrier system? What is a fractional T carrier system? Describein
detail, the various T carriersystems.
b) Compare WDM and DWDM and also list the advantages and disadvantages of
WDM.

2. a) What do you understand by companding?? Compare analog and digitalcompanding
b) What is SQR and give its relationship to resolution, dynamic range and maximum
no of bits in a PCM code.

3. a) What is the difference between FDMA, TDMA andCDMA
b) What is line speed and how is it determined?

4. a) What is superframe and extended superframe TDM format? Explain withan

example.
b) What is frame synchronization and how it is achieved in PCM-TDM system.
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WIRELESS COMMUNICATIONS SYSTEMS
Electromagnetic Polarization, Rays and Wavefronts, Electromagnetic Radiation, Spherical
Wavefront and the Inverse Square Law, wave Attenuation and Absorption, Optical Properties
of Radio Waves, Terrestrial Propagation of Electromagnetic Waves, Skip Distance, Free-
Space Path Loss, Microwave Communications Systems, Satellite Communications Systems

WithwirelEsscommunicationsystems,electromagneticsignalsareemittedfrom
anantenna,propagatethroughtheearth’satmosphere(air)orfreespace(avacuum),and
arethenreceived(captured)byanotherantenna.Sometimes,itisimpracticalto
interconnecttwopiecesofequipmentphysically.So,freespaceorearth’satmosphereis
oftenusedasthetransmissionmedium.Freespacepropagationofelectromagneticwavesis
oftencalledradio-frequency(RF)propagationorsimplyradiopropagation.Wireless
communicationsincludeterrestrialandsatellitemicrowaveradiosystems,broadcastradio
systems,two-waymobileradioandcellulartelephone.

Electromagnetic Polarization

¥ direction of

/ Circular Polarized — zar"

direction of
propagation

z
- Fizld ! ¥
R Hote the 90°
phase difference

If this wine were approaching
an observer, 1ts electric
wector would appear to be
rotating clockwise

Thiz i3 called right-

circular polarization.

Linear Polarized

Electromagnetic waves are comprised of an electric and a magnetic field at 90
degrees to each other. The polarization of a plane electromagnetic wave is simplythe
orientation of the electric field vector in respect to earth’s surface. If the polarization
remainsconstant,itisdescribedaslinearpolarization.Horizontalandverticalpolarizations  are
two forms of linear polarization. A wave is horizontally polarized if the electricfield
propagatesparalleltotheearth’ssurface,andthewaveisverticallypolarizediftheelectric
fieldpropagatesperpendiculartotheearth’ssurface. Thewaveisdescribedashaving
circularpolarizationifthepolarizationvectorrotates360degrees,asthewavemovesone
wavelengththroughspaceandthefieldstrengthisequalatallanglesofpolarization.When
the field strength varies with changes in polarization, this is described as elliptical
polarization.Arotatingwavecanturnineitherdirection.lfthevectorrotatesinaclockwise
direction,itisrighthanded,andifthevectorrotatesinacounter-clockwisedirection,itis
considered lefthanded.




Data C Unit-3 Wireless Communication Systems

Rays and Wavefronts

Raysandwavefrontsareusedforanalysingelectromagneticwaves.Arayisaline
drawnalongthedirectionofpropagationofanelectromagneticwave.Raysareusedto
showtherelativedirectionofpropagation.

~ Equal phase rays
form wavefront ABCD

R, S -; 4R,
FILI - - - - { ...... . :.-...-._... j o ﬁ‘b
Source of ———-
TEM waves P Direction of
A; > e - ™ R. propagation
D
H - " A /’ e B Hd

a

Plane wave comprised of rays A, R, A and A, forming wavefront ABCD

A wavefront shows a surface of constant phase of electromagnetic waves. A
wavefrontisformedwhenpointsofequalphaseonrayspropagatingfromthesamesource  are
joined together. The above figure shows a wavefront with a surface that is
perpendiculartothedirectionofpropagation(rectangleABCD).Whenasurfaceisplane,its
wavefront is perpendicular to the direction of propagation. A point source is a single
location from which rays propagate equally in all directions (i.e. isotropic source).The
wavefrontgeneratedfromapointsourceissimplyaspherewithradiusRanditscenter
locatedatthepointoforiginofthewaves.

Electromagnetic Radiation

Theflowofelectromagneticwaves(energy)inthedirectionofpropagationiscalled
electromagneticradiation. Therateatwhichenergypassesthroughagivensurfaceareain
freespaceiscalledpowerdensity,usuallygiveninwattspersquaremeter.Mathematically,

PowerdensityP=EH,wherePispowerdensity(watt/m~),Erepresentsrmselectricfield
intensity(volts/meter)andHrepresentsrmsmagneticfieldintensity(ampereturns/meter).

Spherical Wavefront and Inverse Square Law

A spherical wavefrontis obtained by an isotopic radiator. All points at distance
R(radius)fromthesourcelieonthesurfaceofthesphereandhaveequalpowerdensities.
Ataninstanceoftime,thetotalpowerradiatedPradisuniformlydistributedoverthetotal
surfaceofthesphere.Therefore,thepowerdensityatanypointonthesphereisthetotal
radiatedpowerdividedbythetotalareaofthesphereandc?nbegivenas,

P = Prad / (41TR)
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Thepowerdensitybecomessmallerasthedistancefromisotropicsourceincreases. The
total radiated power is same. But as the area of the sphere increases in direct
proportion to the square of distance from source, the power density is inversely
proportionaltothesquareofthedistancefromthesource. Thisrelationshipiscalledinversesquar
elaw.

Wave Attenuation andAbsorption

Whenwavespropagatethroughfreespace,theyspreadout,resultinginreduction
ofpowerdensity.Thisiscalledattenuationlossanditoccursinfreespaceaswellasearth’s
atmosphere.Earth’satmospherecontainsdifferentparticleswhichabsorbelectromagnetic
energy,causingreductioninpower,calledasabsorptionloss.Thereductioninpower
density with increase in distance is equivalent to a power loss and is called wave
attenuation.Becauseit’'sduetosphericalspreadingofwaveinspace,itissometimescalled
spaceattenuation.Mathematically,waveattenuationis
va= 10 log (P1/P2), where yarepresent wave attenuation in dB, P1 is power density at
point 1 and P2 is power density at point 2.

Earth’satmosphereisnotavacuumanditconsistsofatoms, moleculesofvarious
substancessuchasgases,liquidsandsolids,whicharequitecapableofabsorbingEM
waves.Asthewavepropagates,energyistransferredfromthewavetotheatomsand
moleculesandthistransferisknownaswaveabsorptionandisanalogoustol2Rpowerloss.
Onceabsorbed,energyislostforeverandcausesreductioninthepowerdensity.

Optical Properties of Radio Waves

The free space behaviour of propagation is altered by optical effects such as
refraction, reflection, diffraction and interference.

Refraction:Electromagneticrefractionisthechangeindirectionofanelectromagnetic
waveasitpassesobliquelyfromonemediumtoanothermediumwithadifferentdensity
(refractiveindex).
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Wheneveraraypassesfromalessdensetoamoredensemedium,itiseffectively
benttowardthenormal(imaginarylinedrawnperpendiculartotheinterfaceatthepointof
incidence).Conversely,wheneveraraypassesfromamoredensetoalessdensemedium,it  is
effectively bent away from the normal. The angle of incidence is the angle formed
betweentheincidentwaveandthenormal,andtheangleofrefractionistheangleformed
betweentherefractedwaveandthenormal.Snell’slawstatesthat,

. ny ]
sind; |—) = sinf,
na , Where 81 and 62 are angles of incidence and
refraction and n1 and n2 are refractive indexes of materiall and material2.

Refractionalsooccurswhenawavefrontpropagatesinamediumthathasadensity
gradientthatisperpendiculartothedirectionofpropagation.Thefollowingfigureshows
wavefrontrefractioninearth’satmosphere(whichhasgradientrefractiveindex).

QOnginal

wavaefront Refracted Unrefracted
wavefronts wavefront

Wavefrontrefractioninagradientmebium
Themediumismoredensenearthebottomandlessdensenearthetop(upper
atmosphere).Therefore,raystravellingintheupperlayersoftheatmospheretravelfaster
thanraystravellingnearearth’ssurfaceand,consequently,thewavefronttiltsdownward.
Thetiltingoccursinagradualfashionasthewaveprogresses.

Reflection: Electromagnetic wave reflection occurs when an incident wave strikes a
boundaryoftwomediaandsomeoralloftheincidentpowerdoesnotenterthesecond
material (i.e., they are reflected). The following figure shows electromagnetic wave
reflectionataplaneboundarybetweentwomedia.

Incident | Reflected
wavefront | wavefront

Medium 1

Medium 2




Data C Unit-3 Wireless Communication Systems

Becauseallthereflectedwavesremaininmediuml,angleofreflectionequals
theangleofincidence(8i=6r). TheratioofreflectedtoincidentpowerisI',expressedas

I'=P¢/PjwhererisreflectioncoefficientandPrandPiarereflectedandincidentpower.

Forperfectconductors,I' =1  andallincidentpowerisreflected.Reflectionalso
occurs when the reflective surface is irregular. When an incident wavefront strikes an
irregularsurface,itisrandomlyscatteredinmanydirections.Suchaconditioniscalled
diffusereflection,whereasreflectionfromaperfectlysmoothsurfaceiscalledspecular
(mirror like)reflection.

Diffraction:Diffractionisdefinedasthemodulationorredistributionofenergywithina
wavefrontwhenadensityitpassesneartheedgeofanopaqueobject.Diffractionisthe
phenomenonthatallowslightorradiowavestopropagate(peek)aroundcorners.Huygen’sprinci
plestatesthateverypointonagivensphericalwavefrontcanbeconsideredasa secondary
point source of electromagnetic waves from which other secondary waves
(wavelets)areradiatedoutward.Huygen’sprincipleisillustratedbelow.

Thefirstfigureshowsnormalwavepropagationconsideringaninfiniteplane.Each
secondarypointsource(P1,P2andsoon)radiatesenergyoutwardinalldirections.But,the
wavefrontcontinuesinitsoriginaldirectionratherthanspreadingoutbecausecancellation
ofthesecondarywaveletsoccursinalldirectionsexceptstraightforward. Therefore,the
wavefrontremainsplane.Whenafiniteplanewavefrontisconsidered,asinsecondfigure,
cancellationinrandomdirectionsisincomplete.So,thewavefrontspreadsoutorscatters.
Thisscatteringeffectiscalleddiffraction.

Thethirdfigureshowsdiffractionaroundtheedgeofanobstacle.ltcanbeseenthat
wavelet cancellation occurs only partially. Diffraction occurs around the edge of the
obstacle,whichallowssecondarywavesto“sneak”aroundthecorneroftheobstacleinto
whatiscalledtheshadowzone.

Interference:Radiowaveinterferenceoccurswhentwoormoreelectromagneticwaves
combineinsuchawaythatsystemperformanceisdegraded.Interference,ontheother
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hand,issubjecttotheprincipleoflinearsuperpositionofelectromagneticwavesandoccurs
whenevertwoormorewavessimultaneouslyoccupythesamepointinspace.

Source
Wave A %

=

Raflection, refraction, or
ditfraction changes the
direction of wave 5

Wave B

[ Eafﬂ'l‘l\bf:um

Electromagnetic wave intarferance

Intheabovefigure,itcanbeseenthat,atpointXthetwowavesoccupythesame
areainspace.However,waveBhastravelledadifferentpaththanwaveAand,therefore,
theirrelativephaseanglesmaybedifferent.lfthedifferenceindistancetravelledisanodd-
integralmultipleofone-halfwavelength,reinforcementtakesplace.lfthedifferenceisan
even-integralmultipleofone-halfwavelength,totalcancellationoccurs.

Terrestrial Propagation of Electromagnetic Waves

Electromagneticwavestravellingwithinearth’satmospherearecalledterrestrial
wavesandcommunicationsbetweentwoormorepointsonearthiscalledterrestrialradio
communications. There are three modes of propagating EM wave within earth’s
atmosphere:groundwavepropagation,spacewavepropagationandskywavepropagation.

Earth's upper stmosphare

Teanamit - Direct LOS wave [space wave) L

Antanna 1

Recaive

i_ antanna

-\:}
o
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Earth's surface
Normalmodesorwavepropagation

Ground Waye Propagation; Ground waves are the electromagnetic waves that
travelalongthesurfaceofearthandarealsocalledassurfacewaves.Groundwavesmust
beverticallypolarizedandthechangingelectricfieldinducesvoltagesinearth’ssurface,
whichcausecurrentstoflowthatareverysimilartothoseinatransmissionline.Ground
waves are attenuated as they propagate because of the presence of resistance and
dielectriclossesintheearth’ssurface.Groundwavespropagatebestoverasurfacethatisa
goodconductor,suchassaltwaterandpoorlyoverdrydesertareas.Alsolossesinground
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wavesincreaserapidlywithfrequency,groundwavepropagationislimitedtofrequencies
below 2MHz

Thefollowingfigureshowsgroundwavepropagation.Becauseofearth’sgradient
density,groundwavepropagatesaroundtheearth,remainingclosetoitssurface.

Wavafront propagation

Increasing
angle of tilt

1 a1l '-."‘

te Earth's surface of Earth
Surface(ground)wavepropagation

The frequency and terrain over which the ground wave propagates has to be
selectedcarefullytoensurethatthewavefrontdoesnottiltexcessivelyandsimplyturn over,
lie flat on the ground and cease to propagate. Ground wave communication is
commonlyusedforship-to-shipandship-to-shorecommunications,forradionavigationand for
maritime mobilecommunications.

Space Wave Propagation: It includes radiated energy that travels in the lower few
milesofearth’satmosphere.Spacewaveincludebothdirectandgroundreflectedwaves.

Transmitter Receiver
Direct wave
r

R
ef;ecf(;'d o .&\'6

Earth

Direct waves travels essentially in a straight line between transmit and receive
antennas.Andthispropagationwithdirectwavesiscommonlycalledline-of-sight(LOS)
transmission. Direct space wave propagation is limited by the curvature of the earth.
Ground-reflectedwavesarewavesreflectedbyearth’ssurfaceastheypropagatebetween
transmitandreceiveantennas.Thefieldintensityatthereceiveantennadependsonthe
distancebetweenthetwoantennas(attenuationandabsorption)andwhetherthedirect
andground-reflectedwavesareinphase(interference).Thecurvatureofearthpresentsa
horizon to space wave propagation commonly called the radio horizon. Because the
conditionsinearth’sloweratmospherearesubjecttochange,thedegreeofrefractioncan
varywithtime.Aspecialconditioncalledductpropagationoccurswhenthedensityofthe
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loweratmosphereissuchthatelectromagneticwavescanpropagatewithintheductfor
greatdistances,causingthemtopropagatearoundearthfollowingitsnaturalcurvature.

Sky Wave Propagation: Electromagnetic waves that are directed above the horizon
levelarecalledskywaves.Skywavesareradiatedtowardthesky,wheretheyareeither
reflected or refracted back to earth by the ionosphere. Because of this, sky wave
propagationissometimescalledionosphericpropagation. Theionosphereistheupper
portionofearth’satmosphereandislocatedapproximately50kmto400km(31mito248
mi)aboveearth’ssurface.Becauseoftheionosphere’snonuniformcompositionandits
temperatureanddensityvariations,itisstratified.Essentially,threelayersmakeupthe
ionosphere(theD,E,andFlayers)andareshownbelow:
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loNosphericLayers
Allthreelayersoftheionospherevaryinlocationandinionizationdensitywiththe
timeofday. Theionosphereismostdenseduringtimesofmaximumsunlight.Becausethe
densityandlocationoftheionospherevaryovertime,theeffectsithasonelectromagnetic
radiowavepropagationalsovary.

Skip Distance

Theskipdistanceisthedistancefromthetransmittertothepointwherethesky
wavefirstreturnstotheearth.Theskipdistancedependsonthewave’sfrequencyand
angleofincidence,andthedegreeofionization.

IONOSPHERE —*

5
e
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TheSKIPZONEisazoneofsilencebetweenthepointwherethegroundwave
becomestooweakforreceptionandthepointwheretheskywaveisfirstreturnedtoEarth.
Thesizeoftheskipzonedependsontheextentofthegroundwavecoverageandtheskip
distance.Whenthegroundwavecoverageisgreatenoughortheskipdistanceisshort
enoughthatnozoneofsilenceoccurs,thereisnoskipzone.

Free-Space Path Loss

Intelecommunication,free-spacepathloss(FSPL)isthelossinsignalstrengthofan
electromagneticwavethatwouldresultfromaline-of-sightpaththroughfreespace,with no
obstacles nearby to cause reflection or diffraction. With free-space path loss, no
electromagneticenergyisactuallylost—itmerelyspreadsoutasitpropagatesawayfrom
thesourceresultinginalowerpowerdensity.lt'salsoreferredasspreadingloss,which
occurssimplybecauseoftheinversesquarelaw.Spreadinglossisafunctionofdistance
from the source and the wavelength (frequency) of the electromagnetic wave.
Mathematically,free-spacepathlossisproportionaltothesquareofthedistancebetween
thetransmitterandreceiver,andalsoproportionaltothesquareofthefrequencyofthe

radiosignal.
drd\
FSPL = —
v (%)
B (4mﬁf)2
N &
Where:

A is the signal wavelength (in metres),

f is the signal frequency (in hertz),
¢ is the distance from the transmitter (in metres),

¢ is the speed of light in a vacuum, 2.99792458 x 10® metres per second

Fortypicalradioapplications,itiscommontofind  fmeasuredinunitsofMHzand ¢
inkm,inwhichcasetheFSPLequationbecomes

FSPL(dB) = 20logyo(d) + 20logyo(f) + 32.45

Microwave CommunicationSystems

Microwavesaregenerallydescribedaselectromagneticwaveswithfrequenciesthat
range from approximately 500 MHz to 300 GHz. Because of their high frequencies,
microwaveshaverelativelyshortwavelengths.Microwavesystemsareusedforcarrying
long-distancevoicetelephoneservice,metropolitanareanetworks,wideareanetworksand
thelnternet.Therearedifferenttypesofmicrowavesystemsoperatingoverdistancesthat
varyfroml5milesto4000milesinlength.Intrastateorfeederservicemicrowavesystems
are generally classified as short haul because they are used to carry information for
relatively short distances, such as between cities within the same state. Long-haul
microwavesystemsarethoseusedtocarryinformationforrelativelylong-distances,suchas
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interstateandbackbonerouteapplications.Microwaveradiosystemcapacitiesrangefrom
lessthan12voicegradetelephonecircuitstomorethan22,000voiceanddatachannels.

Advantages of Microwave Radio Communication:

1. Radiosystemsdonotrequirearight-of-wayacquisitionbetweenstations.

2. Eachstationrequiresthepurchaseorleaseofonlyasmallareaofland.

3. Becauseoftheirhighoperatingfrequencies,microwaveradiosystemscancarrylarge
guantities ofinformation.
Highfrequenciesmeanshortwavelengths,whichrequirerelativelysmallantennas
Radiosignalsaremoreeasilypropagatedaroundphysicalobstacles,suchaswaterand
highmountains.

MicrowaveSystemsrequirefewerrepeatersforamplification.
Distancesbetweenswitchingcentersareless.
Undergroundfacilitiesareminimized.

Minimumdelaytimesareintroduced.

10 Minimalcrosstalkexistsbetweenvoicechannels.

oA~
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Disadvantages of Microwave radio systems:

1. Theelectroniccircuitsusedwithmicrowavefrequenciesaremoredifficulttoanalyze.

2. Conventionalcomponents,suchasresistors,inductors,andcapacitors,aremoredifficult
tomanufactureandimplementatmicrowavefrequencies.

3. Microwavecomponentsaremoreexpensive.

4. Transistortransittimeisaproblemwithmicrowavedevices.

5. Signalamplificationismoredifficultwithmicrowavefrequencies.

Microwave Radio Link

The following figure shows a simplex microwave radio link. The transmitter
includesamodulator,mixer,andmicrowavegeneratorandseveralstagesofamplification
andfiltering.

IF = 4 RE sact
Frequency up- ;.:I..E:
comvarter b 1‘
&
RF
' — Modulator B Mixer ol Amplifgr —
ation) and filter
+.

Transmitter ISR
generator

Themodulatormayperformfrequencymodulationorsomeformofdigitalmodulationsuch
asPSKorQAM.Theoutputofmodulatorisanintermediatefrequency(IF)carrierthathas
beenmodulatedorencodedbythebasebandinputsignal. Thebasebandsignalissimplythe

Wireless Communication Systems

10




Data C Unit-3 Wireless Communication Systems

information. Themixerandmicrowavegenerator(oscillator)combinetoperformfrequency up-
conversionthroughnonlinearmixing.Theup-converteristotranslatel Ffrequenciesto RF
microwavefrequencies.

RF section IF saction
e — ——
¥ :‘."". JENE
Antenna Frequency down- 1 .
\ AT Baseband sect
.—-'*“-—
RF
s Ampiiier —B AR sl Demodulator Ry,
and filter Baseband
output
T {information
’ Microwave
Receiver generator

L Bl

Thereceiverconsistsofaradio-frequency(RF)amplifier,afrequencydown-converteranda
demodulator.TheRFamplifierandfilterincreasethereceivedsignallevelsothatthedown-
convertercanconverttheRFsignalstolFsignals. ThedemodulatorcanbeforFM,PSKor
QAM.Theoutputofdemodulatoristheoriginalbaseband(information)signals.

Microwave Radio Repeaters
Withsystemslongerthan40milesorwhengeographicalobstructionsblockthe
transmission path, repeaters are needed. A microwave repeater is a receiver and

transmitterplacedbacktobackinthesystem.

15 to 40 miles

15 to 40 milas

Therepeaterstationreceivesasignal,amplifiesandreshapesit,andthenretransmitsitto
thenextrepeaterorterminalstationdownlinefromit. Aterminalstationissimplyastation
attheendofamicrowavesystemwhereinformationsignalsoriginateandterminate.

Satellite CommunicationSystems

Asatelliteisacelestialbodythatorbitsaroundaplanet.Inotherterms,asatelliteis  a
space vehicle launched by humans that orbits earth or another celestial body.
Communicationsatellitesaremanmadesatellitesthatorbitearth,providingamultitudeof
communicationsservicestoawidevarietyofconsumers,includingmilitary,governmental,
privateandcommercialsubscribers. Themainpurposeofcommunicationssatelliteisto

11
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relay signals between two or more earth stations. A satellite repeater is called a
transponder,andasatellitemayhavemanytransponders.Transmissionstoandfrom
satellitesarecategorizedaseitherbusorpayload.Thebusincludescontrolmechanisms
thatsupportthepayloadoperation.Thepayloadistheactualuserinformation.Satellites
utilizemanyofthesamefrequencybandsasterrestrialmicrowaveradiosystems.

Satellite Elevation Categories

Satellitesaregenerallyclassifiedashavingalowearthorbit(LEO),mediumearthorbit
(MEO),orgeosynchronousearthorbit(GEO).

e LEOsatellitesoperateinthel.0GHzto2.5GHzfrequencyrange.Mainadvantageis
thatthepathlossbetweenearthstationsandspacevehiclesismuchlowerthereby
resultinginlowertransmitpowers,smallerantennasandlessweight.Exampleis
Motorola’ssatellite-basedmobiletelephonesystem,lridium.

e MEOsatellitesoperateinthel.2GHzto1.67GHzfrequencybandandorbitbetween
6000milesand12,000milesaboveearth.ExampleisDOD’ssatellitebasedglobal
positioning system,NAVSTAR.

e Geosynchronousorgeostationarysatellitesoperateprimarilyinthe2GHzto18GHz
frequencyspectrumwithorbits22,300milesabovetheearth’ssurface. Theyorbitin
acircularpatternwithanangularvelocityequaltothatofearthandhaveanorbital
timeofapprox24hours(i.e.sameasearth).

Satellite Orbits and Orbital Patterns

Satellites are classified as either synchronous or nonsynchronous. Synchronous
satellites orbit earth above the equator with the same angular velocity as earth and
thereforeappeartobestationaryandremaininthesamelocationwithrespecttoagiven
pointonearth.Nonsynchronoussatellitesrotatearoundearthincircularorellipticalpattern ~ as
shownbelow.

Elliptical
griit

Ellipse focal
Geocentre point

Incircularorbit,thespeedorrotationisconstant.Withellipticalorbits,thevelocity
ofasatelliteisgreatestwhensatelliteisclosesttoearth. Thepointinanellipticalorbit
farthestfromearthiscalledtheapogee,andthepointontheorbitclosesttoearthiscalled
perigee.lfsatelliterotationisinthesamedirectionasearth’srotationwithangularvelocity
greater than that of earth, the orbit is called prograde or posigrade orbit. If it's in
oppositedirectionwithangularvelocitylessthanthatofearth,thenit'scalledaretrograde
orbit.Nonsynchronoussatellitesrevolvearoundinaprogradeorbit,resultinginchangeof
positioncontinuouslyinrespecttoafixedpositiononearth.Soexpensiveand complicated
trackingequipmentisneededtolocateandlocktheantennasontothesatellitetrack.

12
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Out of infinite number of orbital paths possible, only three are used for
communicationsatellites:inclined,equatorial,orpolar.WhensatellitesorbittheEarth,
eitherinacircularorellipticalorbit,thesatelliteorbitformsaplanethatpassesthroughthe
centreofgravitycalledgeocentreoftheEarth.

Palar

Inclined

Equatarial

Inclinedorbitsarevirtuallyallorbitsexceptthosethattraveldirectlyabovetheequatoror
directlyabovetheNorthandSouthPoles.

p descending node

HORTH POLE

EARTHS
AOTATION
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ACTUAL ORBIT oM .
SATELLITE
HOTION

SOUTH POLE

Theangleofinclinationistheanglebetweentheearth’sequatorialplaneandthe
orbitalplaneofasatellitemeasuredcounterclockwiseatthepointintheorbitwhereit
crossestheequatorialplanefromsouthtonorthandthispointiscalledascendingnode.If
it'spassingfromnorthtosouth,itiscalleddescendingnode.Anglesofinclinationvary
betweenOdegreesand90degrees.Thelinejoiningboththesenodesthroughthecenterof earth
is called line ofnodes.

An equatorial orbit is when the satellite rotates in an orbit directly above the
equator,usuallyinacircularpath.Withanequatorialorbit,theangleofinclinationisO
degrees.Allgeosynchronoussatellitesareinequatorialorbits.Apolarorbitiswhenthe
satelliterotatesinapaththattakesitovertheNorthandSouthPolesinanorbitalpattern
thatisperpendiculartotheequatorialplane.Theangleofinclinationofasatelliteinapolar
orbitisnearly90degrees.100%ofearth’ssurfacecanbecoveredwithasinglesatelliteina
polarorbit.Satellitesinpolarorbitsrotatearoundearthinalongitudinalorbitwhileearthis
rotatingonitsaxisinalatitudinalrotation.

13
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Geosynchronous Satellites

Also referred to as geostationary, it refers to the movement of communications
satellites where the satellite circles the globe over the equator, in a movement that is
synchronizedwiththeearth'srotation.Becauseofthissynchronization,thesatelliteappears  to
be stationary, and they also offer continuous operation in the area of visibility.
Geosynchronousorbitsarecircular. Thereisonlyonegeosynchronousearthorbit,whichis
occupiedbyalargenumberofsatellites.

Geosynchronousorbit _requirements: The most important requirement is that the
orbitmusthaveaO-degreeangleofelevation.Theyalsomustorbitinthesamedirectionas
earth’srotationwiththesameangularvelocity.UsingKepler'sthirdlaw,itcanbeshown
thatgeosynchronoussatellitesmustrevolvearoundearthinacircularpattern42,164km
fromthecenteroftheearth. Thecircumferenceofageosynchronoussatelliteorbitis
C=2m(42,164km)=264,790km,andthevelocity(v)isv=264,790km/24hr=6840mph

Clarkeorbit:Synonymouswithgeostationaryorbit.ltisso-namedbecausenotedauthor
Arthur C. Clarke was the first person to realize that this orbit would be useful for
communication satellites. The Clarke orbit meets the concise setoff specifications for
geosynchronoussatelliteorbits:(1)belocateddirectlyabovetheequator,(2)travelinthe
same direction as earth’s rotation with a velocity of 6840 mph, (3) have an altitude of
22,300milesaboveearthand(4)completeonerevolutionin24hours

Geosynchror)%ssatelli_te advantaqe_:s and disadvantaq_es: Some of the
advantages are,

1. Geosynchronous satellites remain almost stationary in respect to a givenearth
station; therefore, expensive tracking equipment is not required at the earth
stations.

2. Geosynchronoussatellitesareavailabletoallearthstationswithintheirshadow
100%ofthetime.Theshadowofasatelliteincludesalltheearthstationsthathavea
line-of-sightpathtothesatellite.

3. Switchingfromonegeosynchronoussatellitetoanotherastheyorbitoverheadis
notnecessary.Consequently,therearenotransmissionbreaksduetoswitching
times

Disadvantages are;

1. Anobviousdisadvantageofgeosynchronoussatellitesistheyrequiresophisticated
andheavypropulsiondevicesonboardtokeeptheminafixedorbit.

2. High-altitude geosynchronous satellites introduce much longer propagation delays.
The roundtrip propagation delay between two earth stations through a
geosynchronoussatelliteistypicallybetween500msand600ms.

3. Geosynchronoussatellitesrequirehighertransmitpowerlevelsandmoresensitive
receiversbecauseofthelongerdistancesandgreaterpathlosses.

4. Highprecisionspacemanshipisrequiredtoplaceageosynchronoussatelliteintoorbit
andtokeepitthere.

14
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Satellite Look Angles

Twoangleshavetobedeterminedtoensuretheearthstationantennaispointed
directly at the satellite: the azimuth and the elevation angle. Both of them togetherare
referredtoaslookangles.Withgeosynchronoussatellites,thelookanglesofearthstation
antennasneedtobeadjustedonlyonce,asthesatellitewillremaininagivenposition
permanentlyexceptforminorvariations.Thepintonthesurfaceofearthdirectlybelowthe
satellite is used to identify its location is called the subsatellite point (SSP) and for
geosynchronoussatellites,SSPmustfallontheequator.

Satellite Antenna Radiation Patterns: Footprints

Thegeographicalrepresentationoftheareaonearthilluminatedbytheradiation
fromasatellite’santennaiscalledafootprintorsometimesafootprintmap.Ilnessence,a
footprintofasatelliteistheareaonearth’ssurfacethatthesatellitecanreceivefromor
transmit to. The shape of a satellite’s footprint depends on the satellite’s orbital path,
height, and the type of antenna used. The higher the satellite, the more of the earth’s
surface it cancover.

Theradiationpatternfromasatellite’santennaissometimescalledabeam.The
smallest and most directive beam is called a spot beam, followed by zonal beams,
hemisphericalbeams,andearth(global)beams.

Satellite Multiple-Accessing Arrangements

Satellitemultipleaccessingimpliesthatmorethanoneuserhasaccesstooneor
moretransponderswithinasatellite’sbandwidthallocation. Thethreemostcommonlyused
multipleaccessingarrangementsarefrequencydivisionmultipleaccessing(FDMA), time-
divisionmultipleaccessing(TDMA)andcode-divisionmultipleaccessing(CDMA).

Frequency

TDMA: Time CMDA: Code
Division Multiple Division Multiple

Access Access

FDMA: Frequency
Division Multiple
Access

Cpdes

Time
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Frequency division multiple accessing: FDMA is a method of multiple accessing

FDMA transmissions are separated in the frequency domain and must share thetotal
availabletransponderbandwidthaswellastotaltransponderpower.Acontrolmechanism
isusedtoensurethattwoormoreearthstationsdonottransmitinthesamesubdivisionat
thesametime.Essentially,thecontrolmechanismdesignatesareceivestationforeachof
thesubdivisions.Thus,withFDMAtransmissioncanoccurfrommorethanonestationat
thesametime,butthetransmittingstationsmustsharetheallocatedpower,andnotwo
stationscanutilizethesamebandwidth.

Time-divisionmultipleaccessingl DMAisthepredominantmultiple-accessingmethod
usedtoday.TDMAisanmethodoftime-divisionmultiplexingdigitallymodulatedcarriers
betweenparticipatingearthstationswithinasatellitenetworkusingacommonsatellite
transponder.WithTDMA, eachearthstationtransmitsashortburstofinformationduringa
specifictimeslotwithinaTDMAframe.Theburstsmustbesynchronizedsothateach
station’s burst arrives at the satellite at a different time, thus avoiding a collision with
anotherstation’scarrier. TDMAtransmissionsareseparatedinthetunedomain,andwith
TDMA theentiretransponderbandwidthandpowerareusedforeachtransmissionbutfor
onlyaprescribedintervaloftime.Thus,withTDMA,transmissioncannotoccurfrommore
than one station at the same time. However, the transmitting station can use all the
allocatedpowerandtheentirebandwidthduringitsassignedtimeslot.

Code-divisionmultipleaccessing: CDMAisbasedontheuseofmodulationtechnique
knownasspreadspectrum.Usersareseparatedbothbyfrequencyandtime.

FREQUEN

FREQUENCY

TIME

Becausetherearenolimitationsonbandwidth, CDMAissometimesreferredtoas spread-
spectrummultipleaccessing(SSMA).WithCDMA, allearthstationstransmitwithinthesame
frequency band and, for all practical purposes, have no limitations on when they may
transmitoronwhichcarrierfrequency.Thus,withCDMA theentiresatellitetransponder
bandwidthisusedbyallstationsonacontinuousbasis.Signalseparationisaccomplished  with
envelope encryption/decryptiontechniques

16
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Multiple-accessing arrangements: (a) FOMA; (b) TDMA; (c) COMA

Comparison:IinbothFDMAandTDMA,onlyonesubscriberatatimeisassignedtoa
channel.Nootherconversioncanaccessthischanneluntilthesubscriber’scallisfinishedor
untilthatoriginalcalltobehandedofftoadifferentchannelbythesystem.Voicedata
tendstobeburstinnature. Somuchofthetime,nodataisbeingsentoverthechannel. This
inefficiency tends to limit the capacity of the system. The above drawbacks are
overcomeinthisthirdtechniqueinwhichtheusersarespreadacrossbothfrequencyand
timeinthesamechannel.ThisisahybridcombinationofFDMAandTDMA.Forexample,
frequency hopping may be employed to ensure during each successive time slot, the
frequencybandsassignedtotheusersarerecordedinrandommanner.Animportant
advantageofCDMAoverFDMAandTDMAisthatitcanprovideforsecurecommunication.
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Questions

1. What is a radio wave? What are the optical properties of radio waves? Explain all the
details of how they relate to radio wavepropagation?

2. What is meant by a free space path loss of an electromagnetic wave? Give the
mathematical equation in decibel form. Determine, in dB, the free space path loss for a
frequency of 6 GHz travelling a distance of 50km.

3. What are the three modes of terrestrial propagation of electromagnetic waves?Explain.

4. What is a satellite multiple accessing arrangement? List and describe, in detail withneat
diagrams, the three forms of satellite multiple accessingarrangements.

5. Explain the term skip distance, satellite footprint and give the advantagesof
geosynchronoussatellites

6. List the advantages and disadvantages of microwave communications overcable
transmissionfacilities.

7. CompareFDMA, TDMAandCDMA
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CELLULAR TELEPHONE SYSTEMS
First- Generation Analog Cellular Telephone, Personal Communications system, Second-
Generation Cellular Telephone Systems, N-AMPS, Digital Cellular Telephone, Interim
Standard, North American Cellular and PCS Summary, Global system for Mobile
Communications, Personal Communications Satellite System

Introduction

Cellularsystemwasdevelopedtoprovidemobiletelephony:telephoneaccess“anytime,
anywhere.”Cellulartelephonyisasystem-levelconcept,whichreplacesasinglehighpower
transmitterwithalargenumberoflow-powertransmittersforcommunicationbetweenany
twodevicesoveralargegeographicarea.Primarygoalofthecellulartelephonenetworkis to
provide wireless communication between two moving devices, called mobile stations or
betweenonemobileunitandastationaryunit,commonlyreferredtoasland-lineunit.To
accommodatealargenumberofusersoveralargegeographicarea,thecellulartelephone
systemusesalargenumberoflow-powerwirelesstransmitterstocreatecells.Variable
powerlevelsallowcellstobesizedaccordingtosubscriberdensityanddemandwithina
particularregion.

Acellisabasicgeographicunitofacellularsystem.Thetermcellularcomesfrom
thehoneycombshapeoftheareasintowhichacoverageregionisdivided.Cellsarebase
stationstransmittingoversmallgeographicareasthatarerepresentedashexagons.As
mobile users travel from cell to cell, their conversations are handed off between cells.
Channels(frequencies)usedinonecellcanbereusedinanothercellsomedistanceaway,
whichallowscommunicationbyalargenumberstationsusingalimitednumberofradio
frequencies.Tosummarize,thebasicconceptofreuseallowsafixednumberofchannelsto
serveanarbitrarilylargenumberofusers.Aclusterisagroupofcellsandnochannelsare
reused within acluster.

Mobile Switching
center
(MSC)

Public Switched
Telephone Network
(PSTN)

Stationary
phonea
Schematicdiagramofacellulartelephonesystem
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As shown above, a cellular system comprises of the following basic components:

e MobileStations(MS):Mobilehandsets,whichisusedbyanusertocommunicatewith
anotheruser

e Cell:Eachcellularserviceareaisdividedintosmallregionscalledcell(5t020Km)

e BaseStations(BS):Eachcellcontainsanantenna,whichiscontrolledbyasmalloffice.

e MobileSwitchingCenter(MSC):Eachbasestationiscontrolledbyaswitchingoffice,
called mobile switchingcenter

Ereguencyreuseistheprocessinwhichthesamesetoffrequencies(channels)canbe
allocatedtomorethanonecell,providedthecellsareseparatedbysufficientdistance.The
figureshowsageographiccellularradiocoverageareacontainingthreegroupsofcells
calledclusters.Eachclusterhassevencellsinit,andallcellsareassignedthesamenumber offull-
duplexcellulartelephonechannels.Cellswiththesameletterusethesamesetof
channelfrequencies.A,B,C,D,E,FandGdenotethesevensetsoffrequencies.

Cluster 1

Cluster2 Cluster

Handoff:Atanyinstant,eachmobilestationislogicallyinacellandunderthecontrolofthe
cell’sbasestation.Whenamobilestationmovesoutofacell,thebasestationnoticesthe
MS’ssignalfadingawayandrequestsalltheneighbouringBSstoreportthestrengththey
arereceiving.TheBSthentransfersownershiptothecellgettingthestrongestsignaland
theMSCchangesthechannelcarryingthecall. Theprocessiscalledhandoff. Therearetwo
typesofhandoff;HardHandoffandSoftHandoff.Inahardhandoff,whichwasusedinthe
earlysystems,aMScommunicateswithoneBS.AsaMSmovesfromcellAtocellB,the
communication between the MS and base station of cell A is first broken before
communicationisstartedbetweentheMSandthebasestationofB.Asaconsequence,the
transitionisnotsmooth.Hardhandoffisoftencalledasbreakbefore-make.Hardhandoffs
areintendedtobeinstantaneousinordertominimizethedisruptiontothecall.Ahard
handoffisperceivedbynetworkengineersasaneventduringthecall.Forsmoothtransition
fromonecell(sayA)toanother(sayB),anMScontinuestotalktobothAandB.AstheMS
movesfromcellAtocellB,atsomepointthecommunicationisbrokenwiththeoldbase
stationofcellA. Thisisknownassofthandoff(alsocalledasmakebeforebreak).Asoft
handoffmayinvolveusingconnectionstomorethantwocells,e.g.connectionstothree,
fourormorecellscanbemaintainedbyonephoneatthesametime.Softerhandoffsare
possiblewhenthecellsinvolvedinthehandoffhaveasinglecellsite.
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FirstGenerationAnalogCellularTelephone

AMPS(AdvancedMobileTelephoneSystem)wasinventedatBellLabsandinitiallydeployed in
the U.S. in the early 1980's. The frequencies allocated to AMPS by the Federal
Communications Commission (FCC) range between 824 to 849 MHz in reverse channels
(mobiletobase)and869to894MHzinforwardchannels(basetomobile).Simultaneous
transmissioninbothdirectionsinatransmissionmodeiscalledfullduplex(FDX)orsimply
duplexing. Frequency-division duplexing (FDD) is used with AMPS and occurs when two
distinctfrequencybandsareprovidedtoeachuser.Aspecialdevicecalledduplexerisused
ineachmobileunitandbasestationtoallowsimultaneoustransmissionandreceptionon
duplexchannels.Transmissionsfrombasestationstomobileunitsarecalledforwardlinks,
whereastransmissionsfrommobileunitstobasestationsarecalledreverselinks.In1989,
theFCCaddedanadditional10-MHzfrequencyspectrumtotheoriginal40-MHzband,
whichincreasedthesimplexchannelstoatotalof832(416fullduplex).

1 &
heverse Channel Forward O} :
- L innnel

Hoverse Channel W'l

Forward Channel I g’
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(Channels 800 - 989 are nused

CompleteAMPSFrequencySsPECtrum
The 832 channels are divided into four categories:

Control(basetomobile)tomanagethesystem.
Paging(basetomobile)toalertmobileuserstocallsforthem.
Access(bidirectional)forcallsetupandchannelassignment.
Data(bidirectional)forvoice,fax,ordata.

> owbdhe

Eachphysicalchannelis30kHzwideandisdedicatedtoasinglemobilestationfor
thedurationofthecallwhilethemobileisinthecurrentcell.Eachcallusesadedicated
forwardchannelpairedwithadedicatedreversechannelata4d5MHzoffset. Someofthe
channelpairs(21ofthem)areusedforcontrolpurposesintheAMPSenvironment.Analog
frequencymodulation(FM)with8kHzdeviationisusedinthetrafficchannels,whichconvey
voiceconversations.Binaryfrequencyshiftkeying(FSK)at10kbps-adigitalmodulation
technique-isusedinthecontrolchannelsusedforsignalling.
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AMPSIdentificationCodes: TheAMPSsystemusesseveralidentificationcodesfor
eachmobileunit. Themabileidentificationnumber(MIN)isa34-bitbinarycode,which
istheprogrammedhandsetphonenumberusedtocallthesubscriber. Thisprogrammed
identifierisassociatedwiththesubscriberandisstoredinerasablenon-volatiliememoryin
the handset. The second identifier is the electronic serial number (ESN), which is a
manufacturedcharacteristicofthemobileunit. Thisidentifierispermanentandassociated

with the physical equipment. It is 32 bits in length, with the first 8 bits identifying the

codeissuedbytheFCCtoanoperatingcompanywhenitissuesalicensetoprovideAMPS
cellularservicetoanarea.Localoperatingcompaniesassignatow-bitdigitalcolorcode
(DCC) and asupervisory audio tong®A)to each of their base stations to help the
mobileunitsdistinguishonebasestationfromaneighbouringbasestation.

énablemobiIeunitstocommunicatewiththecellularnetworkthroughbasestationsand
areusedforcallorigination,calltermination,andtoobtainsysteminformation.WithAMPS
system,voicechannelsareanalogFM,whilecontrolchannelsaredigitalandemployFSK.
Basestationsbroadcastontheforwardcontrolchannel(FCC)andlistenonthereverse
controlchannel(RCC).AllAMPSbasestationscontinuouslytransmitFSKdataontheFCCso
thatidlecellulartelephonescanmaintainalockonthestrongestFCCregardlessoftheir
location.Asubscriber’'sunitmustbelockedonanFCCbeforeitcanoriginateorreceive calls.

Personal CommunicationsSystem

TheFCCdefinesPCSmobiletetephoneas“afamilyofmobiteorportableradio
communications services, which provides services to individuals and business and is
integratedwithavarietyofcompetingnetworks”.PCSisNorthAmericanimplementationof
theEuropeanGSMstandard.DifferencesbetweenPCSsystemsandstandardcellular
telephonesystemsgenerallyincludebutarecertainlynotlimitedtothefollowing:

(1) smallercellsize,(2)alldigitaland(3)additionalfeatures.Cellularsystemsgenerally
classifiedasPCSincludelS-136 TDMA,GSMandIS-95CDMA.

ThefundamentalconceptofPCSistoassigneachmobileunitaPTNthatisstoredin
adatabaseontheSS7commonsignallingnetwork.Thedatabasekeepstrackofwhere
mobile units are. When a call is placed for a mobile unit, the SS7 artificial intelligence
networkdetermineswherethecallshouldbedirected. ThePCSnetworkissimilarto
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D-AMPSsysteminthattheMTSOstoresthreeessential-databases:homelocationregister,
visitorlocationregister,andequipmentidentificationregistry.

The HLR is a database that stores information about the user, including home
subscriptioninformationandalsothesupplementaryserviceslikecallwaiting,callhold,call
forwardingetcsubscribedbytheuser. TheVLRstoresinformationaboutsubscribersina
particularMTSOservingarea,suchaswhethertheunitisonoroffandwhetheranyofthe
supplementaryservicesareactivatedordeactivated. TheEIRstoresinformationpertaining
totheidentificationandtypeofequipmentthatexistsinthemobileunit. TheEIRalsohelps
thenetworkidentifystolenorfraudulentmobileunits.

Some of the services offered by PCS systems are:

>

Availablemode:Itallowsallcallstopassthroughthenetworktothesubscriberexceptfora
minimalnumberoftelephonenumbersthatcanbeblocked.
>

Screenmode:ltisPCSequivalenttocaller|D.Thecallingparty’snameappearsonthe
mobileunitsdisplayallowinguserstoscreencalls.Unansweredcallsareautomatically
forwardedtoaforwardingdestinationspecifiedbythesubscriber.

Privatemode:Here,allcallsexceptthosespecifiedbythesubscriberareautomatically
forwardedtoaforwardingdestinationwithoutringingthesubscriber'shandset.

Unavailablemode:nocallsareallowedtopassthroughtothesubscriber.So,allcallsare
automaticallyforwardedtoaforwardingdestination.

TheprimarydisadvantageofPCSisnetworkcost.Employingsmallcellsrequiresusingmore
base stations, which equates to more transceivers, antennas, and trunk circuits. PCS
networks rely extensively on the SS7 signalling network for interconnecting to other
telephone networks anddatabases.

N-AMPS

Narrowband Advanced Mobile Phone Service (NAMPS) is an improved version of
AMPS systems. NAMPS is a cellular call-handling system that uses digital signalling
techniques to split the existing 30 kHz wideband voice channels into three 10 kHz
narrowbandvoicechannels.Each10-KHzsubchanneliscapableofhandlingitsowncalls.
Theresultisthreetimesmorevoicechannelcapacitythanthetraditional AMPSsystem
provides.

Withnarrowbandwidths,voicechannelsaremorevulnerabletointerferencethan
standard AMPS channels and would require a higher frequency reuse factor. This is
compensatedfor,withtheadditionofaninterferenceavoidanceschemecalledMobile
Reportedinterference(MRI),whichusesvoicecompandingtoprovidesyntheticvoice
channel quieting. NAMPS cellular phones are manufactured for dual mode operation, and
theyarecompatiblewithtraditional AMPSsystems.N-AMPSsystemsusestandardAMPS
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controlchannelsforcallsetupandtermination.N-AMPSmobileunitsarecapableofutilizing four
types of handoffs: wide channeltowidechannel (30 kHz to 30 kHz), wide channeltonarrow
channel (30 kHz to 10 _kHz), narrow_channe| to_narrow channel (10 kHz to_10 kHz)and
narrow_channel to widechannel(10 _kHzto30kHz).To conclude, with N-AMPS, user
capacitycanbeexpandedbysubdividingexistingchannels(bandsplitting), partitioningcells
intosmallersubcells(cellsplitting),andmodifyingantennaradiationpatterns(sectoring).

Digital Cellular Telephone

With the rapidly expanding customer base while working with unchanged allocated
frequencyspectrum,itwasagrowingproblemforthecellularcompanies.Digitalcellular
telephone systems have several inherent advantages over analog cellular telephone
systems,includingbetterutilizationofbandwidth,moreprivacyandincorporationoferror
detectionandcorrection.Consequently,theUnitedStatesDigitalCellular(USDC)system
wasdesignedanddevelopedwiththeintentofsupportingahigheruserdensitywithina fixed-
bandwidth frequency spectrum. Cellular telephone systems that use digital
modulation,suchasUSDC,arecalleddigitalcellular. USDCcellularsystemscomplywithlS- 54,
which specifies dual-mode operation and backward compatibility with standard AMPS
andbecauseofthisreason,theyarealsoknownasDigital AMPS(D-AMPSorDAMPS).
TheUSDCsystemhasanadditionalfrequencybandinthe1l.9GHzthatisnotcompatible with
AMPS frequencyallocation.

Time-Division Multiple Accessing

USDCusestime-divisionmultipleaccessing(TDMA)aswellasFDMA.However, TDMAallows more
than one mobile unit to use a channel at the same time by further dividing
transmissionswithineachcellularchannelintotimeslots,oneforeachmobileunitusing that
channel. Unlike AMPS FDMA systems, with USDC TDMA systems, mobile-unit
subscriberscanonlyholdachannelwhiletheyareactuallytalkingonit.Duringpausesor
othernormalbreaksinaconversation,usersmustrelinquishtheirchannelsothatother
mobileunitscanuseit. Thistimesharingtechniquesignificantlyincreasesthecapacityofa
system,allowingmoremobile-unitsubscriberstouseasystematvirtuallythesametime
within a geographicalarea.

AUSDCTDMAtransmissionframeconsistofsixequal-durationtimeslotsenabling
each30-kHzAMPSchanneltosupportthreefull-rateorsixhalf-rateusers.HenceUSDC
offersasmuchassixtimesthechannelcapacityasAMPS.Theadvantagesofdigital TDMA
multiple-accessingsystemsoveranalogAMPSFDMAsystemsaregivenbelow:

1. Time domain multiple accessing allows for a threefold to sixfold increase in thenumber
of mobile subscribers using a single cellularchannel.
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2. Digital signals are much easier to process than analog signals as most of the modern
modulation techniques are developed to be used in a digitalenvironment.

3. Digital signals (bits) can be easily encrypted and decrypted, safeguardingagainst
eavesdropping.

4. The entire telephone system is compatible with other digital formats, such as those used
in computers and computernetworks.

5. Digital systems inherently provide a quieter (less noisy) environment than theiranalog
counterparts.

EIA/TIA Interim Standard 54

In1990,theElectronicsindustriesAssociationandTelecommunicationsindustryAssociation
(EIA/TIA)standardizedthedual-modeUSDC/AMP SsystemasinterimStandard54(1S-54),
Cellular Dual Mode Subscriber Equipment. Using 1S-54, a cellular telephone carrier could
convertanyorallofitsexistinganalogchannelstodigital. Toachievedual-modeoperation, IS-
54providesdigitalcontrolchannelsandbothanaloganddigitalvoicechannels.Dual -
modemobileunitscanoperateineitherthedigitalortheanalogmodeforvoiceandaccess
thesystemwiththestandard AMP Sdigitalcontrolchannel.IS-54specifiesa48.6kbpsrate per30-
kHzvoicechanneldividedamongthreesimultaneoususers.Eachuserisallocated13
kbps,andtheremaining9.6kbpsisusedfortimingandcontroloverhead.

USDC Control Channels and 1S-136.2

ThelS-54USDCstandardspecifiesthesame42primarycontrolchannelsasAMPSand42
additionalcontrolchannelscalledsecondarycontrolchannels.SoUSD Cofferstwiceasmany
controlchannelsasAMP Sandisthereforecapableofprovidingtwicethecapacityofcontrol
trafficwithinagivenmarketarea. TomaintaincompatibilitywithexistingAMPScellular
telephonesystems,theprimaryforwardandreversecontrolchannelsinUSDCcellular
systemsusethesamesignallingtechniguesandmodulationscheme(FSK)asAMPS.
However,anewstandardlS-136.2replacesF SKwith1r/4DQPSKmodulationforthe42
dedicated USDC secondary control channels, allowing digital mobile units to operate
entirelyinthedigitaldomain.ThelS-136.2standardiscalledNorthAmerican-TimeDivision
MultipleAccessing(NA-TDMA).IS136wasdevelopedtoprovideahostofnewfeaturesand
services.Anadditional“sleepmode”whichconservespowerisalsoprovided.

ThelS-54standardspecifiesthreetypesofchannels:analogcontrolchannels,analog
voicechannels,andal0-kbpshinaryFSKdigitalcontrolchannel(DCCH).ThelS-136standard
providestheabovethreechannelsandanadditionalone:adigitalcontrolchannelwitha
signallingrateof48.6kbpsonUSDC-onlycontrolchannels. Thenewdigitalcontrolchannel
includesseverallogicalchannelswithdifferentfunctions,includingtherandomaccess
channel(RACH),theSMSpoint-to-point,paging,andaccessresponsechannel(SPACH);the
broadcastcontrolchannel(BCCH)andthesharedchannelfeedback(SCF)channel.
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RACH:Itisaunidirectionalchannelusedbymobileunitstorequestaccesstothecellular
telephonesystem.

SPACH: It is used to transmit information from base to specific mobile station and
informationtransmittedonSPACHchannelincludesthreeseparatelogicalsubchannels:
SMSpoint-to-pointmessages,pagingmessages,andaccessresponsemessages.

BCCH:ltisanacronymreferringtotheF-BCCH,E-BCCHandS-BCCH.Thefastbroadcast
channel (F-BCCH) broadcasts digital control channel (DCCH) structure parameters.
MobileunitsuseF-BCCHinformationwheninitiallyaccessingthesystemtodetermine
thebeginningandendingofeachlogicalchannelintheDCCHframe.Theextended
broadcastcontrolchannel(E-BCCH)carriesinformationaboutneighbouringanalogand
TDMAcellsandoptionalmessages,suchasemergencyinformation,timeanddate
messagingetc. TheSMSbroadcastchannel(S-BCCH)isalogicalchannelusedforsending
shortmessagestoindividualmobileunits.

SCF:ltisusedtosupportrandomaccesschanneloperationbyprovidinginformation
aboutwhichtimeslotsthemobileunitcanuseforaccessattemptsandalsoifamobile
unit’spreviousRACHtransmissionwassuccessfullyreceived.

USDC Digital Voice Channel

LikeAMPS,eachUSDCvoicechannelisassigneda30-kHzbandwidthonboththeforward
andthereverselink.WithUSDC,eachchannelcansupportasmanyasthreefull-ratemobile
userssimultaneouslybyusingdigitalmodulationandaTDMAformatcalledNorthAmerican
DigitalCellular(NADC).Eachradio-frequencyvoicechannelinthetota AMPSFDMA
frequencybandconsistsofone40-msTDMAframecomprisedofsixtimeslotscontaining
324bitseach.Theaveragecostpersubscriberperbasestationequipmentislowerwith
TDMAsinceeachbasestationtransceivercanbesharedbyuptosixusersatatime.

TOM frame TDM frame
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E-TDMA: General Motors Corporation implemented a TDMA scheme called E-TDMA
{Extended or Enhanced TDMA}, which incorporates six half-rate users transmitting at half
thebitrateofstandardUSDCTDMAsystems.E-TDMAsystemsalsoincorporatedigital
speechinterpolation(DSI)todynamicallyassignmorethanoneusertoatimeslot,deleting
silenceonthecalls.ConsequentlyE-TDMAcanhandleapproximatelyl2timestheuser
trafficasstandardAMP SsystemsandfourtimesthatofsystemscomplyingwithlS-54.

EachtimeslotineveryUSDCvoice-channelframecontainsfourdatachannels-three
forcontrolandonefordigitizedvoiceanduserdata. Thefull-duplexdigitaltrafficchannel
(DTC)carriesdigitizedvoiceinformationandconsistsofareversedigitaltrafficchannel
(RDTC)andaforwarddigitaltrafficchannel(FDTC)thatcarrydigitizedspeechinformationor
userdata.Thethreesupervisorychannelsaregivenbelow:

>
Coded digital verification color code (CDVCC): Its purpose is to provide co-channel
identificationsimilartothe SATsignaltransmittedinthe AMPSsystem.Itisal2bit
messagetransmittedineverytimeslot.

Slowassociatedcontrolchannel(SACCH):ltisasignallingchannelfortransmissionof
controlandsupervisionmessagesbetweenthedigitalmobileunitandthebasestation
whilethemobileunitisinvolvedwithacall.ltisalsousedbythemobileunittoreport
signalstrengthmeasurementsofneighbouringbasestations,sowhenneededthebase
stationcaninitiateamobile-assistedhandoff(MAHO).

Fast associated control channel (FACCH): It is a second signalling channel for
transmission of control and specialized supervision and traffic messages between the
basestationandthemobileunits.ltisablank-and-bursttypeoftransmissionthanwhen
transmitted replaces digitized speech information with control and supervision
messageswithinasubscriber’stimeslot.

USDC Digital modulationscheme

Toachieveatransmissionbitrateof48.6kbpsina30-kHzAMPSvoicechannel,a
bandwidth (spectral) efficiency of 1.62 bps/Hz is required, binary FSK is incapable. USDC
voiceandcontrolchannelsuseasymmetricaldifferential,phase-shiftkeyingtechnique
knownast/4DQPSKort/4differentialquadriphaseshiftkeying,whichoffersseveral
advantagessuchasimprovedco-channelrejectionandbandwidthefficiency.InTr/4DQPSK
modulator,databitsaresplitintotwoparallelchannelsthatproduceaspecificphaseshift
intheanalogcarrier,andsincetherearefourpossiblebitpairs,therearefourpossible
phaseshiftsusingaquadraturel/Qmodulatorandthefourphasechangesareti/4,-1/4,3
mr/4and-311/4,whichdefineeightpossiblecarrierphases.UsingpulseshapingwithTr/4
DQPSKallowsforthesimultaneoustransmissionofthreeseparate48.6-kbpsspeechsignals in
a 30-kHzbandwidth.
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Interim Standard 95

InterimStandard95(1S-95)isthefirstCDMA-baseddigitalcellularstandardbyQualcomm.
ThebrandnameforlS-95iscdmaOne.IS-95isalsoknownasTIA-EIA-95.CDMAallowsusers to
differentiate from one another by a unique code rather than a frequency or time
assignmentandhencehasseveraladvantagesoverTDMAandFDMAcellularsystemssuch as
increased capacity, improved performance and reliability. 1S-95 is designed to be
compatiblewithexistinganalogsystems(AMPS).

CDMA

IS-95specifiesadirect-sequence,spreadspectrumCDMAsystemanddoesnot
followthechannelizationprinciplesoftraditionalcellularradiocommunicationssystems.
Ratherthandividingtheallocatedfrequencyspectrumintonarrowbandwidthchannels,one
foreachuser,informationistransmitted(spread)overaverywidefrequencyspectrumwith
asmanyas20mobilesubscriberunitsusingthesamecarrierfrequencywithinthesame
frequency band. 1S-95 is not asymmetrical as it specifies a different modulation and
spreadingtechniquefortheforward(digitalQP SK)andreverse(digitalOQP SK)channels.On
theforwardchannel,thebasestationsimultaneouslytransmitsuserdatafromallcurrent
mobileunitsinthatcellbyusingdifferentspreadingsequences(codes)foreachuser’s
transmissions.Apilotcodeistransmittedwiththeuserdataatahigherpowerlevel,thus
allowingallmobileunitstousecoherentdetection.Onthereverselink,allmobileunits
respondinanasynchronousmanner(i.e.notimeordurationlimitations)withaconstant
signal level controlled by the base station. The speech coder used with 1S-95 is the
Qualcomm9600-bpsCode-ExcitedLinearPredictive(QCELP)coder.Thevocoderconvertsan 8-
kbpscompresseddatastreamtoa9.6kbpsdatastream.

Advantages of CDMA:

e Frequencydiversity—frequency-dependenttransmissionimpairmentshavelesseffect
onsignal

e Multipathresistance—chippingcodesusedforCDMAexhibitlowcrosscorrelationand
lowautocorrelation

e Privacy—privacyisinherentsincespreadspectrumisobtainedbyuseofnoise-like
signals

e Gracefuldegradation—-systemonlygraduallydegradesasmoreusersaccessthesystem
Limitations of CDMA

e Self-jamming-arrivingtransmissionsfrommultipleusersnotalignedonchip
boundariesunlessusersareperfectlysynchronized

¢ Near-farproblem-signalsclosertothereceiverarereceivedwithlessattenuationthan
signals fartheraway

10
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e Softhandoff-requiresthatthemobileacquiresthenewcellbeforeitrelinquishesthe
old;thisismorecomplexthanhardhandoffusedinFDMAandTDMAschemes

CDMA frequency and channel allocations

Each 1S-95 channel is allocated a 1.25-MHz frequency spectrum for each one-way
CDMAcommunicationschannel.AsingleCDMAradiochanneltakesupthesamebandwidth
asapproximately4230-kHzAMPSvoicechannels.Butbecauseofthefrequencyreuse
advantageofCDMA,CDMAOoffersapproximatelyalO-to-1channeladvantageoverstandard
analogAMP Sanda3-to-1ladvantageoverUSDCdigitalAMPS.EachCDMAchannelis1.23
MHzwidewithal.25MHzfrequencyseparationbetweenadjacentcarriers,producinga

200-kHzguardbandbetweenCDMAchannels.ThereareasmanyasnineCDMAcarriers
availableforAandBbandoperatorinthe AMPSfrequencyspectrum.

Fortheforward(uplink)channel,subscriberdataareencodedusingconvolutional
codingwithrate¥z,interleavedandspreadbyoneof64orthogonalWalshcodes.Forthe
downlinkchannels,adifferentspreadingstrategyisusedaseachmobileunit’sreceived
signaltakesadifferenttransmissionpathandtherefore,arrivesatthebasestationata
differenttime.Aconvolutionalcodingrateofl/3isusedandlongsequencesareusedto
separatethesignalsfromdifferentusersonthereverselink(CDMA).

Eachmobileunitinagivencellisassignedauniquespreadingsequencethatensures
near perfect separation among the signals from different subscriber units and allows
transmissiondifferentiationbetweenusers.Allsignalsinaparticularcellarescrambled

usingapseudorandomsequenceoflengthzlSchips.Thisreducesradiofrequency
interferencebetweenmobilesinneighbouringcellsthatmaybeusingthesamespreading

sequenceandprovidesthedesiredwidebandspectralcharacteristics. Twocommonlyused
techniquesforspreadingthespectrumarefrequencyhoppinganddirectsequencing.

Frequency-hoppingspreadspectrum:FH-CDMAisakindofspreadspectrumtechnology
thatenablesmanyuserstosharethesamechannelbyemployingauniquehoppingpattern
todistinguishdifferentusers’transmission. Thetypeofspreadspectruminwhichthecarrier
hopsrandomlyfromonefrequencytoanotheriscalledFHspreadspectrum.Acommon
modulation format for FH system is that of M-ary frequency shift keying (MFSK).the
combinationisreferredtoasFH/MFSK.

Amajoradvantageoffrequencyhoppingisthatitcanbeimplementedoveramuch
largerfrequencybandthanitispossibletoimplementDS-spreading,andthebandcanbe
non-contiguous.Anothermajoradvantageisthatfrequencyhoppingprovidesresistanceto
multiple — access interference while not requiring power control to prevent near — far
problems.Thesequenceinwhichthefrequenciesareselectedmustbeknownbyboththe
transmitterandthereceiverpriortothebeginningofthetransmission.Eachtransmitterin

11
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thesystemhasadifferenthoppingsequencetopreventonesubscriberfrominterfering
withtransmissionsfromothersubscribersusingthesameradiochannelfrequency.

Direct-sequencespreadspectrum:Here,ahigh-bit-ratepseudorandomcodeisaddedtoa
low-bit-rateinformationsignaltogenerateahigh-bit-ratepseudorandomsignalclosely
resemblingtonoisethatcontainsboththeoriginaldatasignalandthepseudorandomcode.
Thecodehastoknownbothtothetransmitterandtheintendedreceiver.Thereceiver
upondetectionofdirect-sequencetransmission,simplysubtractsthepseudorandomsignal
fromthecompositereceivesignaltoextracttheinformationdata.

Addingahighbit-ratepseudorandomsignaltothevoiceinformationmakesthe
signal more dominant and less susceptible to interference, allowing lower power
transmissionandhence,alowernumberoftransmittersandlessexpensivereceivers.

CDMAtrafficchannelsconsistofadownlink(basestationtomobileunit)channelandan
uplink(mobilestationtobasestation)channel. Thedownlinktrafficchannelconsistsupto
64channels,includingabroadcastchannelusedforcontrolandtrafficchannelsusedto
carry subscriberinformation.

TheforwardlinkusesthesamefrequencyspectrumasAMPS(824-849MHz).Fourtypesof
logicalchannelarepresenti.e.apilot,asynchronization,7paging,andupto63traffic
channels.Allthesechannelssharethesamel.25-MHzCDMAfrequencyassignment.The
trafficchannelsareidentifiedbyadistinctuser-specificlong-codesequence,andeach
accesschannelisidentifiedbyadistinctaccesschannellong-codesequence.

EEE - EE--E-EE--E
w" w-‘, wt w’ wl. 3 o ‘._,-' \ .\ w“

Thepilotchannelisincludedineverycellwiththepurposeofprovidingasignalfor the
receiver to use to acquire timing and provide a phase reference for coherent
demodulation.ltisalsousedbymobileunitstocomparesignalstrengthsbetweenbase
stationstodeterminewhenahandoffshouldbeinitiated. Thepilotcontainsnoinformation

butitisthestrongestsignalontheforwardlink,containingatleast20%ofthetotalpower

12
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on the forward link. The synchronization channel uses a Walsh W32 code and same
pseudorandom sequence and phase offset as the pilot channel, allowing it to be
demodulatedbyanyreceiverthatcanacquirethepilotsignal. Thesynchronizationchannel
broadcastssynchronizationmessagestomobileunitsandoperatesat1200bps.Oncethe
mobileissynchronizedwiththebasestationthesyncchannelisignored.

Thepagingchannelsareusedtotransmitoverheadinformation(i.e.commandsand
pages) to the mobile. When a call is being set up the commands and traffic channel
assignmentaresentonthepagingchannel.Onceatrafficchannelisestablishedthepaging
channelisignoredbythemobile.Pagingchannelsareoptionalandcanrangeinnumber
betweenzeroandseven.Asingle9600-bpspilotchannelcantypicallysupportabout180
pagespersecondforatotalcapacityof1260pagespersecond.Dataonthe downlinktraffic
channelaregroupedinto20-msframes.Thedataarefirstconvolutionallycodedandthen
formatted and interleaved to compensate for differences in the actual data rates. The
resultingsignalisspreadwithWalshcodewithalongpseudorandomsequenceatarateof
1.2288Mchips/s.

Theuplinkradiochanneltransmitterconsistsofaccesschannelsandupto62uplink
trafficchannels. Theaccesschannelisusedbythemobilewhennotassignedtoatraffic
channel.Theaccesschannelsisusedbythemobiletoregisterwiththenetwork,originate
calls, respond to pages and commands from the base station, and transmit overhead
messagestothebasestation. Typicalaccesschannelmessagesincludeacknowledgements
and sequence number, mobile identification parameter messages and authentication
parameters.Theaccesschannelisarandomaccesschannelwitheachchannelsubscriber
uniquelyidentifiedbytheirpseudorandomcodes.

---.-'---‘-‘- -'...‘.-

Theuplinktrafficchanneloperatesatavariabledataratemode,andtheaccess
channelsoperateatafixed4800-bpsrate. Thereversetrafficchannelisusedwhenthereis
acall.Subscriberdataontheuplinkradiochanneltransmitterarealsogroupedinto20-ms
frames,convolutionallyencoded,blockinterleaved,modulatedbya64-aryorthogonal
modulationandspreadpriortotransmission.
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CDMA radiated Power

IS-95specifiescomplexproceduresforregulatingthepowertransmittedbyeach
mobileunit. Thegoalistomakeallreverse-directionsignalswithinasingleCDMAchannel
arriveatthebasestationwithapproximatelythesamesignalstrength(+1dB),whichis
essentialforCDMAoperation.Assignalpathschangecontinuouslywithmovingunits,the
mobile units perform power adjustments as many as 800 times per second under the
controlofthebasestation.Basestationsinstructthemobileunitstoincreaseordecrease
theirtransmittedpowerinl-dBincrements.

Whenamobileunitisfirstturnedon,itmeasuresthepowerofthesignalreceived
fromthebasestation. Themobileunitassumesthatthesignallossisthesameineach
direction and adjusts its transmit power on the basis of the power level of the signal it
receivesfromthebasestation.Thisprocessiscalledopen-looppowersetting.Mobileunits
usethefollowingformulatocomputetheirtransmitpower:

PtdBm =-76 dB - Py
wherePt is transmit power in dBm and Pr is received power in dBm.
With CDMA, rather than limit the maximum transmit power, the minimum and
maximumeffectiveisotropicradiatedpower(EIRP)isspecified. Themaximumradiated
powerofbasestationsislimitedto100Wperl.23MHzCDMAchannel.

GlobalSystemforMobileCommunications

Throughout the evolution of cellular telecommunications, various systems have been
developed without the benefit of standardized specifications. This presented many
problems directly related to compatibility. GSM standard is intended to address these
problems.GSMwastheworld’sfirsttotallydigitalcellulartelephonesystemdesignedtouse
theservicesofSS7signallingandanall-digitaldatanetworkcalledintegratedservicesdigital
network(ISDN)toprovideawiderangeofnetworkservices.GSMisnowtheworld’smost
popularstandardfornewcellulartelephoneandpersonalcommunicationsequipment.

Advantages of GSM
>

5 Communication: mobile, wireless communication, support for voice and data services

Tota!dmobility: international access, chip-card enables use of access points of different
providers.

Worldwide connectivity: one number, the network handles everylocation.

High capacity: better frequency efficiency, smaller cells, more customers percell.

High transmission ((]juality: high audio quality and reliability for wireless, uninterrupted phone
calls at higher speeds (e.g., from cars, trams{
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GSM Services

GSM telephone services are broadly classified into three categories: bearer services,
teleservices,andsupplementaryservices.Teleservicesaremainlyvoiceservicesthatprovide
subscribers with the complete capability to communicate with other subscribers.Data
services provide the capacity necessary to transmit appropriate data signals between two

accesspointscreatinganinterfacetothenetwork.Someofthesubscriberservicesaregiven
below:

e dualtonemultifrequency(DTMF):DTMFisatonesignallingschemeusedforvarious
controlpurposesviathetelephonenetwork,suchasremotecontrolofananswering
machine.

o facsimilegrouplll:GSMsupportsCCITTgroup3facsimile.ThisenablesaGSM
connectedfaxtocommunicatewithanyanalogfaxinthenetwork.

e shortmessageservice:Amessageconsistingofl60alphanumericcharacterscanbesent
toorfromamobilestation.lfthemobilestationisoffornotinthecoveragearea,the
messageisstoredandthenofferedbackensuringthatthemessagewillbereceived.

e cellbroadcast:amessageofmaximumof93characterscanbebroadcasttoallmobile
subscribers in a given geographic area. Typical applications include traffic congestion
warningsandreportsonaccidents.

e voicemail:Thisserviceisactuallyanansweringmachinewithinthenetworkcontrolled
bythesubscriber.Callscanbeforwardedtothesubscriber’'svoicemailbox,whichcan
becheckedlaterbythesubscriberviaapersonalcode.

o faxmail:withthisservice,thesubscribercanreceivefaxatanyfaxmachine.

GSMsupportsasetofsupplementaryservicesthatcancomplementandsupportboth
telephony and data services. These are defined by GSM and are termed as revenue
generatingservices.Someofthemarelistedbelow:

e Callforwarding:ltgivesthesubscribertheabilitytoforwardincomingcallstoanother
numberifthecalledunitisnotreachable,notanswering,orbusy.

e Dbarringofoutgoingcalls:thisservicemakesitpossibleforasubscribertopreventall
outgoingcalls

e Dbarringofincomingcalls:Itallowsthesubscribertopreventincomingcallseither
completelyorifinroaming

e adviseofcharge:TheAoCserviceprovidesthemobilesubscriberwithanestimateofthe
callcharges.

e callhold:Thisserviceenablesthesubscribertointerruptanongoingcallandthen
subsequently re-establish thecall.

¢ callwaiting:Itallowsthemobilesubscribertobenotifiedofanincomingcallduringa
conversation.Thesubscriberthencananswer,rejectorignoretheincomingcall.

15
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multipartyservice:ltenablesamobilesubscribertoestablishamultipartyconversation
i.e. a simultaneous communication between three and six users.

closedusergroups:CUG’saregenerallycomparabletoaPBX.Theyareagroupof
subscriberswhoarecapableofonlycallingthemselvesandcertainnumbers.

callinglineidentificationpresentation/restriction:theseservicessupplythecalledparty
withtheintegratedservicesdigitalnetwork(ISDN)numberofthecallingparty.

GSM architecture

TheGSMnetworkisdividedintothreemajorsystems:theNetworkSwitchingSubsystem
(NSS), the Base Station Subsystem (BSS) and the Operation and Support System (OSS).The
basicGSMelementsareshownbelow:

--------------------- .

] =
=
IR

Base Stotion Subsystesn  Network Subsystem

- -

Muohile
Stodyomn

SiM Subscribér ldentity Modue BSC Base Statlon Controder MSC Mobile services Switching Center
ME Mobde Equipment HLR Home Localion Regizter EIR Equipmenl identity Regiater
BTS Base Transceiver Stalion VLR ‘Visilor Locatson Regisfer AuC Awthenbicalion Cenfer

Network Switching Subsystem: The NSS is responsible for performing callprocessing

andsubscriberrelatedfunctions.Theswitchingsystemincludesthefollowingfunctional
units:

>

homelocation register (HLR): It is a database used for storage and management of
subscriptions. HLR stores permanent data about subscribers, including a subscribers
service profile, location information and activity status. When an individual buys a
subscriptionfromthePCSprovider,heorsheisregisteredintheHLRofthatoperator.

Visitor location register (VLR): It is a database that contains temporary information
aboutsubscribersthatisneededbytheMSCinordertoservicevisitingsubscribers.VLR
isalwaysintegratedwiththeMSC.WhenaMSroamsintoanewMSCarea,theVLR
connectedtothatMSCwillrequestdataaboutthemobilestationfromtheHLR.Laterif
themobilestationneedstomakeacall,VLRwillbehavingalltheinformationneeded  for

callsetup.

16




DataCUnit-3 CellularTelephoneSystems

>
Authenticationcenter(AUE): A unit called the AUC provides authentication and
encryptionparametersthatverifytheusersidentityandensuretheconfidentialityof
eachcall.

Equipment identity register (EIR): It is a database that contains information about the
identityofmobileequipmentthatpreventscallsfromstolen,unauthorizedordefective
mobilestations.

Mobileswitchingcenter(MSE): TheMSCﬁerformsthetelephonySW|tch|ngfunctlonsof

thesystem.ltcontrolscallstoandfromothertelephoneanddatasystems

Base Station Subsystem (BSS): All radio related functions are performed in the BSS,
which is also known as radio subsystem. It provides and manages radio-frequency
transmission paths between mobile units and MSC. It consists of many base station
controllers (BSC) and base transceiver stations (BTS).

>
Basestationicontrolters(BSC): TheBSCprovidesallthecontrolfunctionsandphysical
linksbetweentheMSCandBTS.Itisahighcapacityswitchthatprovidesfunctionssuch
ashandover,cellconfigurationdata,andcontrolofradiofrequency(RF)powerlevelsin

BTS. A number of BSC’s are served by and MSC.

Base transceiver-station (BTS): ' The BTS handles the radio interface to the mobile
station.TheBT Sistheradioequipment(transceiversandantennas)neededtoservice
eachcellinthenetwork.AgroupofBTS’sarecontrolledbyanBSC.

Operation and Support system: The operations and maintenance center (OMC) is
connectedtoallequipmentintheswitchingsystemandtotheBSC.ImplementationofOMC
iscalledoperationandsupportsystem(OSS).TheOSSisthefunctionalentityfromwhich
thenetworkoperatormonitorsandcontrolsthesystem.ThepurposeofOSSistoofferthe
customer cost-effective support for centralized, regional and local operational and
maintenance activities that are required for a GSM network. OSS provides a network
overviewandallowsengineerstomonitor,diagnoseandtroubleshooteveryaspectofthe
GSMnetwork.

Themobilestation(MS)consistsofthemobileequipment(theterminal)andasmart
cardcalledtheSubscriberldentityModule(SIM).TheSIMprovidespersonalmobility,so
thattheusercanhaveaccesstosubscribedservicesirrespectiveofaspecificterminal.By
insertingtheSIMcardintoanotherGSMterminal,theuserisabletoreceivecallsatthat
terminal,makecallsfromthatterminal,andreceiveothersubscribedservices.

ThemobileequipmentisuniquelyidentifiedbythelnternationalMobileEquipment
Identity (IMEI). The SIM card contains the International Mobile Subscriber Identity (IMSI)
usedtoidentifythesubscribertothesystem,asecretkeyforauthentication,andother
information.ThelMElandthelMSlareindependent,therebyallowingpersonalmobility.
TheSIMcardmaybeprotectedagainstunauthorizedusebyapasswordorpersonal
identitynumber.
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GSM Radio Subsystem
GSMusestwo25-MHzfrequencybandsthathavebeensetasideforsystemuseinall
membercompanies.The890MHzto915MHzbandisusedformobileunit-to-basestation
transmissions(reverselinktransmissions),andthe935-MHzto960-MHzfrequencybandis
usedforbasstation-to-mobileunittransmission(forwardlinktransmission). GSMuses
frequency-divisionduplexingandacombinationof TDMAandFDMAtechniquestoprovide
basestationssimultaneousaccesstomultiplemobileunits. Theavailableforwardand
reversefrequencybandsaresubdividedinto200-kHzwidevoicechannelscalledabsolute radio-
frequency channel numbers (ARFCN). The ARFCN number designates a forward
reversechannelpairwith45-MHzseparationbetweenthem.Eachvoicechannelisshared
amongasmanyaseightmobileunitsusingTDMA.

EachoftheARFCNchannelsubscribersoccupiesauniquetimeslotwithintheTDMA
frame. Radio transmissions in both directions is at a 270.833-kbps rate using binary
Gaussianminimumshiftkeying(GMSK)modulationwithaneffectivechanneltransmission
rateof33.833kbpsperuser.

PersonalCommunicationsSatelliteSystem

Personalcommunicationssatelliteservices,however,uselowearthorbit(LEO)andmedium
earth orbit (MEO) satellites that communicate directly with small, low power mobile
telephoneunits. TheintentionofPCSSmobiletelephoneistoprovidethesamefeatures
andservicesofferedbytraditional terrestrialcellulartelephoneproviders.PCSStelephones will
be able to make or receive calls at anytime, anywhere in the world. The Personal
CommunicationSatelliteSystem(PCSS)isthemotherofthelridiumsatellitesystem.

ThelridiumSystemisasatellite-based,wirelesspersonalcommunicationsnetwork
topermitawiderangeofmobiletelephoneservicesincludingvoice,data,networking,
facsimile,andpaging.TheiridiumusesGSM-basedtelephonyarchitecturetoprovidea
digitally switched telephone network and global roaming feature is designed in to the
system.Eachsubscriberisassignedapersonalphonenumberandwillreceiveonlyonebill,
nomatterinwhatcountryorareatheyusethetelephone.

ADVANTAGES
>

Less reliance on wire-line networks

Continuous talktime
Feweroutages

Don’tneedtobeintheinthesamefootprintasthegateway
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DISADVANTAGES

0‘0

High risk associated with designing, building, and launching satellites.

oo

Highcostfortheterrestrial-basednetworkingandinterfaceinfrastructure.

B

lowpower,dualmodetransceiversaremorecumbersomeandexpensive

APPLICATIONS

*

Fixed cellular telephone service

.

o

D>

Complementaryandbackuptelephoneserviceinfieldsof:
Manufacturing
Military
Government

Transportation

Comparison between iridium and traditional satellite systems: -
>

> Iridiumisthefirstmobilesatellitetoincorporatesophisticated,onboarddigitalprocessingoneach satellite.
N Entire global coverage by a single wireless network system.

. Only provider of truly global voice and data solutions.

With this system the subscriber will never listen a message called "OUT OF COVERAGE

AREA". This list provides just a few of absolutely inexhaustible list of comparisons.

Appendix diagrams

FROMSPEECH TO RADIO TRANSMISSION
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Table 1.1 Major Mobile Radio Standards in North America

Standard Type Year of Multiple Frequency Modula- Channe!

Introduction | Access Band tion Bandwidth
AMPS Cellular | 1983 FDMA | 524.804 MHz | FM 30 kHz
NAMPS Cellular 1992 FDMA 524-8904 MHz | FM 10 kHz
uspe Collular 1991 TDMA 824.8904 MHz | n/4- 30 kHz

DQPSK
CDPD Cellular 1993 FH/ 824-894 MHz | GMSK 30 kHz
Packet
1S-95 Cellular/ 1993 CDMA 824-894 MHz | QPSK/ 1.25 MHz
PCS 1.8-2.0 GHz BPSK
GSC Paging 1970's Simplex | Several FSK 12.5 kHz
POCSAG | Paging 1970 Simplex | Several FSK 12.56 kHz
FLEX Paging 1993 Simplex | Several 4-FSK 16 kHz
DCS- PCS 1994 TDMA 1.85-1.99 GMSK 200 kHz
1900 GHz
(GSM)
PACS Cordless/ | 1994 TDMA/ | 1.85-1.98 /4- 300 kHz
PCS FDMA GHz DQPSK
MIRS SMR/PCOS | 1994 TDMA Several 16- 25 kHz
QAM
Multiple Accessing Schemes: HOW IT WORKS
Hi

(P

Frequency Channel 1

Frequency Channel 2

FDMA
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user 1 user?2 user

TDMA

CDMA
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