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Multiple Access Te.chniques

Multiple access techniques are used to allow a large number of mobjle users to share

the allocated spectrum in the most efficient manner. As the spectrum is limited, so

the sharing is required to increase the capacity of cell or over a geographical area

by allowing the available bandwidth to be used at the same time by different users.

And this must be done in a way such that the quality of service doesn’t degrade
within the existing users.

8.1 Multiple Access Techniques for Wireless Communi-
cation

In wireless communication systems it is often desirable to allow the subscriber to

send simultaneously information to the base station while receiving information from
the base station.

A cellular system divides any given area into cells where a mobile unit in each
cell communicates with a base station, The main aim in the cellular system design

is to be able to increase the capacity of the channel i.e. to handle as m

any calls
as possible in a given bandwidth with a sufficient level of quality

are several different ways to allow access to the channel. These includes mainly the
following:

of service. There

1) Frequency division inultiple-access (FDMA)
2) Time division mulliple-aceess (TDMA)
3) Code division multiple-icoess (CDMA)

157
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Channel 1

Figure 8.1: The basic concept of FDMA.

8.2 Frequency Division Multiple Access

This was the initial multiple-access technique for cellylar Systems in which each
individua) user g assigned a pair of frequencies while making or receiving a call as
shown in Figure 8.1, Onpe frequency is used for downlink and one pair for uplink.
This is called frequency division duplexing (FDD). That allocated frequency pair
is not used in the same cell or adjacent cells during the call so as to reduce the co
channel interference, Even though the user may not be talking, the spectrum cannot
be reassigned ag long as a call is in place, Different users can use the same frequency
in the same cel] except that they must transmit at different times.

The features of FDMA are as follows: The FDMA channel carries only one
Phone circuit at g time. If an FDMA channel is not in use, then it sits idle and

it cannot be used by other users to increase share capacity. After the assignment



implemented in a narrow band system The symbol time is large compared to the

qverage delay spread. The complexity of the FDMA mobile systems is lower than

that of TDMA mobile systems. FDMA requires tight filtering to minimize the
adjacent channel interference.

82.1 FDMA/FDD in AMPS

The first U.S. analog cellular system, AMPS (Advanced Mobile Phone System) is
based on FDMA /FDD. A single user occupies a single channel while the call is in
progress, and the single channel is actually two simplex channels which are frequency
duplexed with a 45 MHz split. When a call is completed or when a handoff occurs
the channel is vacated so that another mobile subscriber may use it. Multiple or
simultaneous users are accommodated in AMPS by giving each user a unique signal.
Voice signals are sent on the forward channel from the base station to the mobile
unit, and on the reverse channel from the mobile unit to the base station. In AMPS,

analog narrowband frequency modulation (NBFM) is used to modulate the carrier.

8.2.2 FDMA/TDD in CT2

Using FDMA, CT2 system splits the available bandwidth into radio channels in the
assigned frequency domain. In the initial call setup, the handset scans the available
channels and locks on to an unoccupied channel for the duration of the call. Using
TDD(Time Division Duplexing ), the call is split into time blocks that alternate

between transmitting and receiving.

8.2.3 FDMA and Near-Far Problem

The near-far problem is one of detecting or filtering out a weaker signal amongst
stronger signals. The near-far problem is particularly difficult in CDMA systems
where transmitters share transmission frequencies and transmission time. In con-
trast, FDMA and TDMA systems are less vulnerable. FDMA systems offer different
kinds of solutions to near-far challenge. Here, the worst case to consider is recovery
of a weak signal in a frequency slot next to strong signal. Since both signals are

present simultaneously as a composite at the input of a gain stage, the gain is set

according to the level of the stronger signal; the weak signal could be lost in th
ost in the



noise floor. Even if subsequent stages have a low enough noise floor to provide

8.3 Time Division Multiple Access

In digital systems, continuous transmission is not required because users do not
use the allotted bandwidth all the time. In such cases, TDMA is a complimentary
access technique to FDMA. Global Systems for Mobile communications (GSM) uses
the TDMA technique. In TDMA, the entire bandwidth is available to the user but
only for a finite period of time. In most cases the available bandwidth is divided
into fewer channels compared to FDMA and the users are allotted time slots during
which they have the entire channel bandwidth at their disposal, as shown in Figure
8.2.

TDMA requires careful time synchronization since users share the bandwidth in
the frequency domain. The number of channels are less, inter channel interference
is almost negligible. TDMA uses different time slots for transmission and reception.
This type of duplexing is referred to as Time division duplexing(TDD).

The features of TDMA includes the following: TDMA shares a single carrier fre-
quency with several users where each users makes use of non overlapping time slots.
The number of time slots per frame depends on several factors such as modulation
technique, available bandwidth etc. Data transmission in TDMA is not continuous
but occurs in bursts. This results in low battery consumption since the subscriber
transmitter can be turned OFF when not in use. Because of a discontinuous trans-
mission in TDMA the handoff process is much simpler for a subscriber unit, since it
is able to listen to other base stations during idle time slots. TDMA uses different
time slots for transmission and reception thus duplexers are not required. TDMA

has an advantage that is possible to allocate different numbers of time slots per

frame to different users. Thus bandwidth can be supplied on demand to different

users by concatenating or reassigning time slot based on priority.

8.3.1 TDMA/FDD in GSM

As discussed earlier, GSM is widely used in Europe and other parts of the world.
GSM uses a variation of TDMA along with FDD. GSM digitizes and compresses

data, then sends it down a channel with two other streams of user data, each in its
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Figure 8.2: The basic concept of TDMA.

MHz or 1800 MHz frequency band. Since

own time slot. It operates at either the 900
agreements with foreign operators, users

many GSM network operators have roaming

nes when they travel to other countries.

can often continue to use their mobile pho

8.3.2 TDMA /TDD in DECT

d for the digitally enhanced cordless telephony
channels in the band 1880-1990 Mhz.
A for a total system load of 120 users.

DECT is a pan European standar
using TDMA /TDD. DECT provides 10 FDM
Each channel supports 12 users through TDM
DECT supports handover, users can roam over
within the range of the system. DECT antenna can be equipped with optional spatial

diversity to deal with multipath fading.

from cell to cell as long as they remain



8.4 Spread Spectrum Multiple Access

Spread spectrum multiple access (SSMA) uses signals which have g transmisgjg,,
bandwidth whose magnitude is greater than the minimum required RF bandwidt},
A pseudo noise (PN) sequence converts a narrowband signal to a wideband noise
like signal before transmission. SSMA is not very bandwidth efficient whep used

by a single user. However since many users can share the same Spread spectrum

bandwidth without interfering with one another, spread Spectrum systemg become
bandwidth efficient in 5 multiple user environment.

There are two main types of spread spectrum multiple access techniques: Fye-
quency hopped multiple access (FHMA)

Direct sequence multiple access (DSMA) or
Code division multiple access (CDMA).

e B
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e bandwidth,

A pseudo noise (PN) sequence converts a narrowband signal to a wideband
1deband noise

like signal before transmission. SSMA is not very bandwidth efficient wh
when used

by a single user. However since many users can share the same spread spect
ectrum

bandwidth without interfering with one another, spread spectrum systems become

bandwidth efficient in a multiple user environment.

There are two main types of spread spectrum multiple access techniques: Fre-

quency hopped multiple access (FHMA)
Direct sequence multiple access (DSMA) or
Code division multiple access (CDMA).

8.4.1 Frequency Hopped Multiple Access (FHMA)

This is a digital multiple access system in which the carrier frequencies of the in-
dividual users are varied in a pseudo random fashion within a wideband channel.
The digital data is broken into uniform sized bursts which is then transmitted on

different carrier frequencies.

8.42 Code Division Multiple Access

are all
In CDMA, the same bandwidth is occupied by all the users, however they
in Figure
assigned separate codes, which differentiates them from each other (shown m( il N
. ; 3 ional (W
8.3). CDMA utilize a spread spectrum technique in which a spreading sigh

) : he narrow
is uncorrelated to the signal and has a large bandwidth) is used to spread the

band message signal.

Direct Sequence Spread Spectrum (DS-S8)

¥ message signél
This is the most commonly uscd technology for CDMA. In DS-SS, the

is own codeword
is multiplied by a Pseudo Ralom Noise Code. Each user 18 given his 0

the
i detect the usen
which is orthogonal to the codes of other users and in order 0

two
i e are, howevel,
receiver must know the codeword used by the transmitter: Ther J

problems in such systems which are discussed in the sequel.
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Figure 8.3: The basic concept of CDMA .

CDMA /FDD in IS-95

In this standard, the frequency range is: 869-

(for Tx). In such a system, there are a tota] of 20 channels ang 798 users per channel]
For each channel, the bit ratc . 1.2288 Mbps.

For orthogonality, it usually combines
64 Walsh-Hadamard codes an

894 MHz (for Rx) and 824-849 MHz

I 2 m-sequence,

8.4.3 CDMA and Self inferference Problem

In CDMA, self-interference 4, .



8.4.4 CDMA and Near-] (\

The near-far problem ig g ser
that signals closer to the rece

than are signals located furtl

transmitter will mask the wo. -
FDMA, this is not a problen -
however, the near-far effect ¢

(e.g. due to different time sifi

power control appears essen

systems.

8.4.5 Hybrid Spread Spectrum Techniques

The hybrid combinations of |

spectrum techniques that pro.

explained below,

Hybrid FDMA/CDMA (7°C

An alternative to the CD 1.\ technique in which the available wideband spectrum

is divided into a smaller nun:’
sub channels become narrov.
the original CDMA system.
contiguous and different us
depending on their require:
given by the sum of the ca)

Hybrid Direct Sequence/ |

A direct sequence modu!
riodically in a pseudo rand:
tages using this technique i
CDMA systems are not ac
to synchronize the frequewn«
signals. Time and Code D.

In this TCDMA meth

In each cell, only one user

‘ar Problem

10US one in CDMA.

V)

This problem arises from the fact
ver of interegt are received with smaller attenuation

¢ away. Therefore the strong signal from the nearby

signal from the remote transmitter. In TDMA and

lce mutual interference can be filtered. In CDMA,
'bined with imperfect orthogonality between codes
- leads to substantial interference. Accurate and fast

'0 ensure reliable operation of multiuser DS-CDMA

'IMA, CDMA and SSMA result in hybrid spread

~ie certain advantages. These hybrid techniques are

"DMA):

f sub spectra with smaller bandwidths. The smaller
«d CDMA systems with processing gain lower than
- this scheme the required bandwidth need not be
n be allotted different sub spectrum bandwidths
. The capacity of this hybrid FCDMA technique is
s of a system operating in the sub spectra.
nency Hopped Multiple Access Techniques (DS/FHMA):
| signal whose center frequency is made to hop pe-
hion is used in this technique. One of the advan-
avoid near-far effect. However, frequency hopped
le to the soft handoff process since it is difficult
ped base station receiver to the multiple hopped
Multiple Access (TCDMA):
rent cells are allocated different spreading codes.

Il is allotted a particular time slot. Thus at any
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Introduction to Data Communicationé:

In Data Communications, data generally are defined as information that is stored in
digital form. Data communications is the process of transferring digital information between
two or more points. Information is defined as the knowledge or intelligence. Data
communications can be summarized as the transmission, reception, and processing of
digital information. For data communications to occur, the communicating devices must be
tion system made up of a combinatio
equipment) and software (programs). The effectiveness of a dat
depends on four fundamental characteristics: delivery,

part of a communica n of hardware (physical
a communications system
accuracy, timeliness, and jitter.

A data communications system has five components:
1. Message: The message is the information

(data) to be communicated. Popular forms of
information include text, numbers, pictures

, audio, and video.

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

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 radio waves.

5.

Protocol: A protocol is a set of rules that govern data communications. It represents an
agreement between the communicating devices.

2s\s QS\‘\.\a-P_-s | _ .
Standards Organizations for Data Communications

An association of organizations, governments, manufacturers and users form the
standards organizations and are responsible for developing, coordinating and maintaining
the standards. The intent is that all data communications equipment manufacturers and

users comply with these standards. The primary standards organizations for data
communication are:

1. International Standard Organization (ISO)

ISO is the international organization for standardization on a wide range of subjects. It is
comprised mainly of members from the standards committee of various governments
throughout the world. It is even responsible for developing models which provides high
level of system compatibility, quality enhancement, improved productivity and reduced

costs. The ISO is also responsible for endorsing and coordinating the work of the other
standards organizations.

International Telecommunications Union-Telecommunication Sector
sAternational Telecommunications Union-Telecommunic

(ITU-T)

ITU

-Tis one of the four permanent parts of the International Telecommunications Union
based in Geneva, Switzerland. It has developed three sets of specifications: the V series
for modem interfacing and data transmission over telephone lines, the X series for data

transmission over public digital networks, email and directory services; the | an eries

-
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;Z':":'rso"':i:regiftf e'per(;tfz’;:zsr;;m:g:itir andlc:mmunlcatlons engineers. It is currently the
Communication and information pero»::e:i:\ AR it |-t e o

‘ 8 standards with the underlying goal of
adv.ancm.g theory, creativity, and product quality in any field related to electrical
engineering.
American National Standards Institute ANSI
ANSI is the official standards agency for the United States and is the U.S voting
representative for the 1SO. ANSI is a completely private, non-profit organization
comprised of equipment manufacturers and users of data processing equipment and
services. ANSI membership is comprised of people form professional societies, industry
associations, governmental and regulatory bodies, and consumer goods.
Electronics Industry Association (EIA)
EIA is a non-profit U.S. trade association that establishes and recommends industrial
standards. EIA activities include standards development, increasing public awareness,
and lobbying and it is responsible for developing the RS (recommended standard) series
of standards for data and communications.
Telecommunications Industry Association (TIA)
TIA is the leading trade association in the communications and information technology
industry. It facilitates business development opportunities through market
development, trade promotion, trade shows, and standards development. It represents
manufacturers of communications and information technology products and also

facilitates the convergence of new communications networks.

Internet Architecture Board (IAB) ;
IAB earlier known as Internet Activities Board is a committee created by ARPA
(Advanced Research Projects Agency) so as to analyze the activities of ARPANET wh?se
purpose is to accelerate the advancement of technologies useful for U.S military. IAB is a
technical advisory group of the Internet Society and its responsibilities are:

Oversees the architecture protocols and procedures used by the Internet.
Manages the processes used to create Internet Standards and also servest as.an
appeal board for complaints regarding improper execution of standardization

process.
Responsible for administration of the various Internet assigned numbers

.
Acts as a representative for Internet Society interest in liaison relationships with

V.

other organizations.
Acts as a source of advice and guidance to the board of trustees and officers of

Internet Society concerning various aspects of internet and its technologies.
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8. Internet Engineering Task Force (IETF)
The IETF is a large internation

al community of networ

k designers, operators
h the evolution of the | , vendors
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operation of the Internet. net architecture and smooth

9. Internet Research Task Force (IRTF)
The IRTF promotes research of im
creating focused, long-term and s
Internet protocols, applications, arc
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Layered Network Architecture e

most of the networks are organized as a series of
layers or levels, each one build upon one below it. The basic idea of a layered architecture is

to divide the design into small pieces. Each layer adds to the services provided by the lower
layers in such a manner that the highest layer is provided a full set of services to manage
communications and run the applications. The benefits of the layered models are
modularity and clear interfaces, i.e. open architecture and comparability between the
different providers' components. A basic principle is to ensure independence of layers by
defining services provided by each layer to the next higher layer without defining how the
services are to be performed. This permits changes in a layer without affecting other layers.
The basic elements of a layered model are services, protocols and interfaces. A service is a
set of actions that a layer offers to another (higher) layer. Protocol is a set of rules that a
layer uses to exchange information with a peer entity. These rules concern both the
contents and the order of the messages used. Between the layers service interfaces are
defined. The messages from one layer to another are sent through those interfaces.

portance to the evolution of the future Internet by

mall research groups working on topics related to
hitecture and technology.

To reduce the design complexity,

In a n-layer architecture, layer n on one machine carries on conversation with the
layer n on other machine. The rules and conventions used in this conversation are
collectively known as the /ayer-n protocol. Basically, a protocol is an agreement between the
communicating parties on how communication is to proceed. Five-layer architecture is
shown below; the entities comprising the corresponding layers on different machines are
called peers. In other words, it is the peers that communicate using protocols. In reality, no
data is transferred from layer n on one machine to layer n of another machine. Instead,
each layer passes data and control information to the layer immediately below it, until the

lowest layer is reached. Below layer-1 is the physical layer through which actual
communication occurs.
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Layer§ Layer 5 protocol Layer$
ﬁ Layer 445 intesfice j i
Layerd ] Layer 4 protocol ~ Layerd
I Layer 3 interface g
Layer3 Layer 3 protocel Layer3
E Layer 23 intexthce E Laysr 273 interface
‘N Layer2 Layer 2 protocol Layer 2
E Layer 112 interface E Layet 172 interface
Layerl Layer 1 protocol Layer1

With layered architectures, communications between two corresponding layers
requires a unit of data called a protocol data unit (PDU). A PDU can be a header added at
the beginning of a message or a trailer appended to the end of a message. Data flows
downward through the layers in the source system and upwards at the destination address.
As data passes from one layer into another, headers and trailers are added and removed
from the PDU. This process of adding or removing PDU information is called
encapsulation/decapsulation. Between each pair of adjacerit layers there is an interface.
The interface defines which primitives operations and services the lower layer offers to the
upper layer adjacent to it. A set of layers and protocols is known as network architecture. A
list of protocols used by a certain system, one protocol per layer, is called protocol stack.

2574 X)) s

\Qgen Systems Interconnection (OSI)

International standard organization (ISO) established a committee in 1977 to
develop architecture for computer communication and the OSI model is the result of this
effort. In 1984, the Open Systems Interconnection (OSI) reference model was approved as
an international standard for communications architecture. The term “open” denotes the
ability to connect any two systems which conform to the reference model and associated
standards. The OSI model describes how information or data makes its way from application
prog.rammes (such as spreadsheets) through a network medium (such as wire) to anoth
application programme located on another network. The OS| reference model divides theer
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As with any layered architecture, overhead information is added to a PDU in the
form of headers and trailers. Each layer provides a service to the layer above it in the
protocol specification. Each layer communicates with the same layer’s software or hardware
on other computers.

S

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

The physical layer is the lowest layer of the OSI hierarcl.w 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 and .the
transmission mode (simplex, half duplex or full duplex) and the physical, electrical,
functional and procedural standards for accessing data communication networks.

From data link layer To data link layer

Physical ‘ . Physical

layer layer

Transmission medium

Transmission media defined by the physical layer include metallic cable, optical fiber cable
or wireless radio-wave propagation. The physical layer also includes the carrier system used
to propagate the data signals between points in the network. The carrier systems are simply
communication systems that carry data through a system using either metallic or optical

fiber cables or wireless arrangements such as microwave, satellites and cellular radio
systems.




{the data link layer is responsible for transmitting frames from one node to the next}

The data link layer transforms the physical layer, a raw transmission facility, to a

reliable link and is responsible for node-to-node delivery. It makes the physical layer appear
error free to the upper layer (network layer).

From network layer To network layer

N \ - )

Data link layer

Data link layer
To physical layer

From physical layer

The data link layer packages data from the physical layer into groups called blocks, frames
or packets. If frames are to be distributed to different systems on the network, the data link
layer adds a header to the frame to define the physical address of the sender (source

address) and/or receiver (destination address) of the frame. The data-link layer provides
flow-control, access-control, and error-control.

g{is responsible for the delivery of individual packets from the source host to the destinationlhost}

The network layer provides details that enable data to be routed between devices in
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 to the
destination computer.

From unmsparnt layer

1

]

$—

LAdata jl‘
Fo data link lnyer

L

i
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-

From data link layer

The network layer provides the upper layers of the hierarchy with independence from the

" o iy .
ccio r: tor:ns:'us:on and switching technologies used to interconnect systems. Networking
ponents that operate at the network layer include routers and their software
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From application layer

To application layer

-

Transport

layer To network layer From network layer layer

Transport layer responsibilites includes message routing, segmenting, error recovery
and two types of basic services to an upper-layer protocol: connection oriented and
connectionless. The transport layer is the highest layer in the OSI hierarchy in terms of

communicatons and may provide data tracking, connection flow control, sequencing of
data, error checking, and application addressing and identification.

8t {responsible for dialog control and synchronization}

Session layer, some times called the dialog controller provides mechanism for
controlling the dialogue between the two end systems. It defines how to start, control and
end conversations (called sessions) between applications.

From presentation layer To presentation layer
/ / 1 ! gt Ll 4 g
7 77 7l 7 A .
/ /7 Wl / / P K 3
syn syn syn I syn syn syn
| 1 |
Session Session
layer layer
To transport layer

From transport layer

Session layer protocols provide the logical connection entities at the application layer. These
applications include file transfer protocols and sending email. Session responsibilities
include network log-on and log-off procedures and user authentication. Session layer
characteristics include virtual connections between applications, entities, synchronization of

q : .
ata flow for rec.ov-ery purposes, creation of dialogue units and activity units, connection
parameter negotiation, and partitioning services into functional groups.
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—(nmmlblo for translation, compression, and encryption}

The presentation layer provides independence to the application processes by
addressing any code or syntax conversion necessary to present the data to the network in a
common communications format. It specifies how end-user applications should format the

data.
From application layer To application layer
— — 1
L J | 1
Presentation f I Presentation
layer layer
To session layer . From session layer i

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

—{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 0S| environment. The
applications layer provides distributed information services and controls the sequence of
activities within and application and also the sequence of events between the computer

application and the user of another application.

Application . | . Application
layer ‘| ‘l layer
X.500 | | FTAM ! X.400 i

""t‘ [ |

| L7damm

To presentation layer

The application layer communica i i User

| tes directly with the user's application program.
app‘lncatlon processes require application layer service elements to access the networkng
environment. The service elements are of two types: CASEs (common application service
. . ’

which include TCP/IP stack, FTP, SNMP, Telnet and SMTP




pata Communication Circuits

the underlying purpose of a digital communications circuit is to provide a transmission path
petween locations and to transfer digital information from one station (node w:ere
computers or other digital equipment are located) to another using electronic P, Data
communications circuits utilize electronic communications equipment and facilities to
interconnect digital computer equipment. Communication facilities are physical means of
interconnecting stations and are provided to data communications users through public

telephone networks (PTN), public data networks (PDN), and a multitude of private data
communications systems.

The following figure shows a simple two-station data communications circuit. The
main components are:

Source: - This device generates the data to be transmitted; examples are mainframe

computer, personal computer, workstation etc. The source equipment provides a means for
humans to enter data into system.

SourceSystem Destination System

mission

Receiver -}
System

Destinatio

' Modem
Public Telephone Network

(b) Example

Transmitter: - A transmitter transforms and encodes the information in such a way as to
produce electromagnetic signals that can be transmitted across some sort of transmission
system. For example, a modem takes a digital bit stream from an attached device such as a
personal computer and transforms that bit stream into an analog signal that can be handled
by the telephone network.

Transmission medium. - The transmission medium carries the encoded signals from the

transmi.m.er to.the receiver. Different types of transmission media include free-space radio
transmission (i.e. all forms of wireless transmission
and optical fiber cables.

Receiver: - The receiver accepts the si

) and physical facilities such as metallic
into a form that can be handled by the d

gna!l frgm the transmission medium and converts it
estination device. For example, a modem will
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ot an analog signal coming from a network or transmission line and convert it into a
ita' bit stream.

2
dig
Takes the incoming data from the receiver a i igi
zﬁpmem o aource nd can be any kind of digital
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There are two methods of transmitting digital data namely par llel_and_serial
transmissions. In parallel data transmission, all bits of the binary data are transmitted

simultaneously. For example, to transmit an 8-bit binary number in parallel from one unit to
another, eight transmission lines are required. Each bit requires its own separate data path.
All bits of a2 word are transmitted at the same time. This method of transmission can move a
significant amount of data in a given period of time. Its disadvantage is the large number of
interconnecting cables between the two units. For large binary words, cabling becomes
complex and expensive. This is particularly true if the distance between the two units is
great. Long multiwire cables are not only expensive, but also require special interfacing to
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, only one interconnecting lead is required.

. Parallel Transmission ~ * Serial Transmission

—E

| Whil'e serial data transmission is much simpler and less expensive because of the use
f:f a snTgh.a |nt¢:=.rconnect|ng line, it is a very slow method of data transmission. Serial data
ransmission is useful in systems where high speed is not a requifem;nt. Parallel

’ . . ' |cat|ons and i
ns.
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A data communications circuit can be described in terms of circuit configuration ang

transmission mode.

Circuit Configurations

Data communications networks can be generally categorized as either two point

multipoint. A two-point configuration involves only two locations or stations, whereas

multipoint configuration involves three or more stations.

Link

Link

Minframe

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

communications networks. A multi-point network is generally used to interconnect a single
mainframe computer (host) to many personal computers or to interconnect many personal

computers and capacity of the channel is either Spatially shared: Devices can use the link
simultaneously or Timeshare: Users take turns

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

Direction of data

= —
Mainframe

Monitor
2. Simplex

@ Direction of data at time 1

Direction of data at time 2

b. H.“-dupl.'

% - Direction of data all the time

EW

|

|
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n mmm, the communication Is unidirectional, as on a one-way street

Only one of the two devices on a link can transmit; the other can only receive. Commercial
radio broadcasting is an example. Simplex lines are also called receive-only, transmit-only or

one-way-only lines.

n M mode, each station can both transmit and receive, but not at
the same time. When one device is sending, the other can only receive, and vice versa. The
half-duplex mode is used in cases where there is no need for communication in both
directions at the same time; the entire capacity of the channel can be utilized for each
direction_ Citizens band (CB) radio is an example where push to talk (PTT) is to be pressed or
depressed while sending and transmitting.

in full-duplex mode(FDX) (called duplex), both stations can transmit and receive
simultaneously. One common example of full-duplex communication is the 'teleph.one
network. The full-duplex mode is used when communication in both directions is required
all the time. The capacity of the channel must be divided between the two directions.

In M_lm& mode, transmission is possible in both directions at the
same time but not between the same two stations (i.e. station 1 transmitting to station 2,
while receiving from station 3). F/FDX is possible only on multipoint circuit's. Postal system
can be given as a person can be sending a letter to one address and receive a letter from
another address at the same time.

Data Communications Networks

Any group of computers connected together can be called a data communications network,
and the process of sharing resources between computers over a data communications
network is called networking. The most important considerations of a data communications
network are performance, transmission rate, reliability and security.

Network Components, Functions, and Features

The major components of a network are end stations, applications and a network that will
support traffic between the end stations. Computer networks all share common devices,
functions, and features, including servers, clients, transmission media, shared data, shared
printers and other peripherals, hardware and software resources, network interface card
(NIC), local operating system (LOS) and the network operating system (NOS).

Servers: Servers are computers that hold shared files, programs and the network operating
system. Servers provide access to network resources to all the users of the network and

different kinds of servers are present. Examples include file servers, print servers, mail
servers, communication servers etc.

Clients: Clients are computers that access and use the network and shared network

resources. Client computers are basically the customers (users) of the network, as they
request and receive service from the servers.

Shared Data: Shared data ar ile serv de to clients, such as data files,
. : e data that file se i i
Printer access programs, and e-mail —
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Types Of Antennas

1) Wire Antennas
2) Aperture Antennas

3) Micro Strip Antennas
4) Array Antennas

5) Reflector Antennas

6) Lens Antennas

W%‘m

It is a class
of antennas '
c . .
onsisting of wires of random length
ngths, in whi
\ ich the

I g
n b

fed eit
her along the center or end
or



a) Annular wire antenna

b) Dipole wire antenna

1

Figure 1 annular antenna

Figure 2 dipole antenna

¢) Solenoid wire arffenna

///////////2 /

Figure 2 Solenoid antenna

2) Aperture Antennas

Tbcj hole on t:be surface of the antenna allows electromagnetic energy to be
emitted through it or to receive the transmitted energy and transfer it to the
load. The antenna hole is the area whose direction is normal to the direction

(2)) 2



from which the electromagnetic wave is coming. These antennas are especially
useful its types

A) Hierarchical Aperture Antenna

’)

B) Conical Aperture Antenna

S

C) Rectangle Aperture Antenna




3) Micro Strip Antennas

, Uy
The most notable benefit of micro strip antennas is their versatility. Firstly,lthey
are small and lightweight, as well as easily conforma%e to f)ﬁn—a} and no planar
surfaces. Additionally, they can be are mecham.cally w Yvhen.moun.ted onto
rigid surfaces. Thus, they can be used in an vanc.>us apphcfatlons, including
aircraft, spacecraft, satellite, missile, mobile radio, and wireless
communications. common in mobile phones .

2\, -
4) Array Antennas

A group of antennas linked together and act as a single antenna for transmitting
and receiving radio waves. Each antenna in the array is an element of the array

and is connected to the receiver or transmitter by a feed line with a specific
.phase angle \ ‘ ' |

XY
The antenna array achieves high directivity in broadcasting (broadcasting in a
specific direction) by transmitting in narrow bands of radio waves, which is
sometimes difficult to achieve when using a single antenna in the broadcasting
process. The more antennas in the array, the more narrow beams of radio waves

. .
an be produced, as some antenna arrays consist of thousands of antennas, such
-as some radars used in military applications

2) Yagi-uda array



5) Reflector Antennas

Are antennas designed to reflect electromagnetic waves that originate from a
separate source, as it is designed to operate at a high microwave frequency.
These antennas also belong to the category that provides high directivity during
radiation , These antennas are a major part of communication systems, radar,



|

and po'mt-to-point communication. These antennas are also widely used in
proadcasting television signals to satellite communications. Besides, other
applications of reflective antennas include weather radar and radio astronomy as
well as in spacecraft systems

) da 2L .
a) Parabolic Reflector With Front Feed

{

{

Reflector

b) Parabolic Reflector With Cass grain Feed

| ‘
e | Subreflectot
) flec

/ e » .

Feed

C) Corner Reflector




i
Lens Antennas el

0 l‘«ﬂ

 the antenna designed to standardize the resulting divergent energy in order
. ; ] : e o

: convert it into plane waves using the appropriate lens material, and it is a

o,'crowave antenna that uses the principle of refraction used by the optical lens

mflight in order to re-radiate the received energy in the desired direction

0

a) Delayed lens antenna

— P

—lpl.

The Characteristics Of The Antenia
1) radiation pattern

2) ante_nm L._-.....J/

3) forward-to-backward directionality ratio

4) sides of the antenna



o

5) Polariza tion
6) Bandwidth
7) Antenna impedance

8) Mechanical size

-
el |
Disadvantages of antennas

1).The complexity of the transceiver systems increase the cost

2) Managing the sending and receiving process is becoming more and more

difficult

3).With the movement of the receiver, the data transfer rate decreases
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