Data communication -

Data communication refers to the exchange of data between a source and a receiver via form of transmission
media such as a wire cable. Data communication is said to be local if communicating devices are in the same
building or a similarly restricted geographical area.

The meanings of source and receiver are very simple. The device that transmits the data is known as source and
the device that receives the transmitted data is known as receiver. Data communication aims at the transfer of data
and maintenance of the data during the process but not the actual generation of the information at the source and
receiver.

The Figure is an illustration of a simple data communication system.
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Simple Data Communication System

Components of data communication system
A Communication system has following components:

1. Message: It is the information or data to be communicated. It can consist of text, numbers, pictures, sound or
video or any combination of these.

2. Sender: It is the device/computer that generates and sends that message.

3. Receiver: It is the device or computer that receives the message. The location of receiver computer is generally
different from the sender computer. The distance between sender and receiver depends upon the types of network
used in between.

4. Medium: It is the channel or physical path through which the message is carried from sender to the receiver.
The medium can be wired like twisted pair wire, coaxial cable, fiber-optic cable or wireless like laser, radio waves,
and microwaves.

5. Protocol: It is a set of rules that govern the communication between the devices. Both sender and receiver
follow same protocols to communicate with each other.
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The effectiveness of a data communication system depends on the three fundamental characteristics:

1. Delivery: The System must deliver data to the correct destination. Data must be received by the intended
device or user and only by that device or user

2. Accuracy: The system must deliver data accurately. Data that have been altered in transmission and left
uncorrected are rustles

3. Timeliness: The system must deliver data in a timely manner. Data delivered late are useless.

4. Jitter: It is the uneven delay in the packet arrival time that cause uneven quality.

Transmission Modes in Computer Networks

Transmission mode means transferring of data between two devices. It is also known as communication mode.
Buses and networks are designed to allow communication to occur between individual devices that are
interconnected. There are three types of transmission mode:-
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Simplex Mode

In Simplex mode, 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. The simplex mode can use the entire capacity of the channel to
send data in one direction.

Example: Keyboard and traditional monitors. The keyboard can only introduce input, the monitor can only give
the output.
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Half-Duplex Mode

In half-duplex 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 direction at the same time. The entire capacity of the channel can be utilized for
each direction.

Example: Walkie- talkie in which message is sent one at a time and messages are sent in both the directions.
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Full-Duplex Mode

In full-duplex mode, both stations can transmit and receive simultaneously. In full_duplex mode, signals going
in one direction share the capacity of the link with signals going in other direction, this sharing can occur in two
ways:

[] Either the link must contain two physically separate transmission paths, one for sending and other for
receiving.
[ Or the capacity is divided between signals travelling in both directions.

Full-duplex mode is used when communication in both direction is required all the time. The capacity of the
channel, however must be divided between the two directions.

Example: Telephone Network in which there is communication between two persons by a telephone line,
through which both can talk and listen at the same time.
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Modulation — Modulation is the process of mixing of low frequency signal with high frequency carrier
signal.

Modulation is the process of converting data into radio waves by adding information to an electronic or optical
carrier signal. A carrier signal is one with a steady waveform -- constant height, or amplitude, and frequency.
Information can be added to the carrier by varying its amplitude, frequency, phase, polarization -- for optical
signals -- and even quantum-level phenomena like spin.

What is Signal Modulation?

A message carrying signal has to get transmitted over a distance and for it to establish a reliable communication,
it needs to take the help of a high frequency signal which should not affect the original characteristics of the
message signal.

The characteristics of the message signal, if changed, the message contained in it also alters. Hence it is a must
to take care of the message signal. A high frequency signal can travel up to a longer distance, without getting

affected by external disturbances. We take the help of such high frequency signal which is called as a carrier
signal to transmit our message signal. Such a process is simply called as Modulation.

Modulation is the process of changing the parameters of the carrier signal, in accordance with the instantaneous
values of the modulating signal.

Need for Modulation

The baseband signals are incompatible for direct transmission. For such a signal, to travel longer distances, its
strength has to be increased by modulating with a high frequency carrier wave, which doesn’t affect the
parameters of the modulating signal.

Signals in the Modulation Process
Following are the three types of signals in the modulation process.
Message or Modulating Signal

The signal which contains a message to be transmitted, is called as a message signal. It is a baseband signal,
which has to undergo the process of modulation, to get transmitted. Hence, it is also called as the modulating
signal.

Carrier Signal

The high frequency signal which has a certain phase, frequency, and amplitude but contains no information, is
called a carrier signal. It is an empty signal. It is just used to carry the signal to the receiver after modulation.

Modulated Signal

The resultant signal after the process of modulation, is called as the modulated signal. This signal is a
combination of the modulating signal and the carrier signal.

In addition, there is a pulse modulation technique used to change the pulse width and spread spectrum method
that spreads the signal energy over a wide band.
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What is Modulation?

Modulation is nothing but, a carrier signal that varies in accordance with the message signal. Modulation technique
is used to change the signal characteristics. Basically, the modulation is of following two types:
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Modulation Techniques

e Analog Modulation
¢ Digital Modulation

Analog Modulation

In analog modulation, analog signal (sinusoidal signal) is used as a carrier signal that modulates the message
signal or data signal. The general function Sinusoidal wave’s is shown in the figure below, in which, three
parameters can be altered to get modulation — they are amplitude, frequency and phase; so, the types of analog
modulation are:
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Analog Modulation — There are three type of analog modulation

e  Amplitude Modulation (AM)
e  Frequency Modulation (FM)
e Phase Modulation (PM)

Amplitude Modulation

Amplitude modulation was developed in the beginning of the 20th century. It was the earliest modulation
technique used to transmit voice by radio. This type of modulation technique is used in electronic communication.
In this modulation, the amplitude of the carrier signal varies in accordance with the message signal, and
other factors like phase and frequency remain constant.

The modulated signal is shown in the below figure, and its spectrum consists of the lower frequency band, upper
frequency band and carrier frequency components. This type of modulation requires more power and greater
bandwidth; filtering is very difficult. Amplitude modulation is used in computer modems, VVHF aircraft radio, and
in portable two-way radio

Frequency Modulation

In this type of modulation, the frequency of the carrier signal varies in accordance with the message signal,
and other parameters like amplitude and phase remain constant. Frequency modulation is used in different
applications like radar, radio and telemetry, seismic prospecting and monitoring newborns for seizures via EEG,
etc. This type of modulation is commonly used for broadcasting music and speech, magnetic tape recording
systems, two way radio systems and video transmission systems. When noise occurs naturally in radio systems,
frequency modulation with sufficient bandwidth provides an advantage in cancelling the noise.
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Phase Modulation

In this type of modulation, the phase of the carrier signal varies in accordance with the message signal.
When the phase of the signal is changed, then it affects the frequency. So, for this reason, this modulation is
also comes under the frequency modulation.

Generally, phase modulation is used for transmitting waves. It is an essential part of many digital transmission
coding schemes that underlie a wide range of technologies like GSM, WiFi, and satellite television. This type of
modulation is used for signal generation in al synthesizers, such as the Yamaha DX7 to implement FM synthesis.
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Types of Analog Modulation

Therefore, Analog modulation includes AM, FM and PM and these are more sensitive to noise. If noise enters
into a system, it persists and gets carried up to the end receiver. So, this drawback can be overcome by the digital
modulation technique.

Digital Modulation

For a better quality and efficient communication, digital modulation technique is employed. The main advantages
of the digital modulation over analog modulation include available bandwidth, high noise immunity and
permissible power. In digital modulation, a message signal is converted from analog to digital message, and
then modulated by using a carrier wave.
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Digital Modulation

The carrier wave is switched on and off to create pulses such that the signal is modulated. Similar to the
analog, in this system, the type of the digital modulation is decided by the variation of the carrier wave parameters
like amplitude, phase and frequency.

The most important digital modulation techniques are based on keying such as

Amplitude Shift Keying, Frequency Shift Keying, Phase Shift Keying, Differential Phase Shift Keying,
Quadrature Phase Shift Keying, Minimum Shift Keying, Gaussian Minimum Shift Keying, Orthogonal Frequency
Division Multiplexing, etc., as shown in the figure.

Amplitude Shift Keying -In an Amplitude shift keying, the amplitude of the carrier wave changes based on the
message signal or on the base-band signal, which is in digital format. It is sensitive to noise and used for low-band
requirements.

Frequency Shift Keying -In frequency shift keying, the frequency of the carrier wave is varied for each symbol
in the digital data. It needs larger bandwidths as shown in the figure. Similarly, the phase shift keying changes the
phase of the carrier for each symbol and it is less sensitive to noise.
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