


Encoding

Transmitte

according to a se

Receiver is responsible for "decoc eparating clocks and data from

the incoming embedded stream.

Systems that use coding are synchronous systems .

We must encode data into signals to send them from one place to another.
There are 4 possible encoding techniques that can be used on the data:

Digital-to-digital, Digital-to-Analog, Analog-to-analog, Analog-to-digital.



Digital-to-Digital Encoding

he binary signals created by your computer (DTE) are translated into &
Juence of voltage pulses that can be sent through the transmission

1als have two basic parameters: amplitude and dur

)its sent per unit of time increases




Digital-to-Digital Encoding
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Encoding

*The simplest and most
type of encoding is Unipolar encc B
*Typically, one voltage level stands
for binary 0 and another voltage
level for binary 1.
Polarity refers to whether you have
a positive or a negative pulse.
*Unipolar encoding uses only one b_A;gnalwmm e
polarity, only one of the two binary
states is encoded, usually the 1.
*Two problems with unipolar encoding:

DC component and synchronization . 5



Unipolar encoding uses only one voltage level.



Problems in Unipolar encoding

* This create e zero level
that cannot trave

Synchronization

« The change in voltage for each bit is what allows a digital encoding
system to indicate changes in bit type.

« Long strings of zeros and ones do not produce any transitions which
may create problems in error detection and recovery.
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Encoding

Polar encoding
and negative) of
Polar encoding eliming
residual problem, because the

. k i Differential
voltage level on the line is reduced. W III Manchester

The power to transmit this signal is one

Polar encoding uses two voltage levels
(positive and negative).

half that of unipolar signal.

Several types: NRZ, RZ, and biphase.



Non Return to Zero

« NRZ-L: signal never retu and the value during a bit time

is a level voltage.
» Good for short and well- shielded transmission paths.

* In NRZ-L the level of the signal is dependent upon the state of the bit,
dependent upon the state of the bit



Non Return to Zero- Inversion

Provides more e IS a transition

for each 1 bit.

* In NRZ-I the signal is inverted if a 1 is encountered.



Transition because
next bit is 1

Amplitude




Tries to solve the |
synchronization due ta
consecutive 1s or 0s.
Signal change during each bit promotes
synchronization.

Positive voltage=1;Negative voltage=0

These transitions can be used
for synchronization.

Signal returns to zero halfway through the

bit interval.
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Biphase

* Manchester and Diffe
Manchester
« This code is self-clocking.

» Provides a transition for every bit in the middle of the bit cell. This

transition is used only to provide clocking.
e +ve to -ve transition for a "0" bit; -ve to +ve transition for a "1" bit

» This scheme is used in Ethernet and IEEE 802.3 compliant LANS



Manchester Encoding

A mplitude
. Zero is I One is I

In Manchester encoding, the transition at the middle of the bit is
transition at the middle of the bit is used for both synchronization
and bit used for both synchronization and bit representation.



erential Manchester Coc

Code is self-clc

Transition for every b
middle of the bit cell

Transition at the beginning
of the bit cell if the next bit Is

In differential Manchester encoding,

0 the transition at the middle of the bit
NO Transition at the is used Transition at the middle of the
beginning of the bit cell if bit is used only for synchronization.
the next bitis* 1" The bit representation is defined by
Used in Token Ring or IEEE the
802.5-compliant LANS. Inversion or noninversion at the

beginning of the bit.



0g-to-Digital Encoding

The challenge
infinite values in ar
digital without losing data
CD)

Pulse Amplitude Modulation (PAM)
» Samples the analog message and a. Analog signal b. PAM signal
generates pulses based on the sampling.

Sampling-- measures the amplitude of the

signal at equal intervals.
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I-to-Digital Encoding

Pulse Code Modul

*Uses 3-4 processes to create
Slgnal PAM (Sampllng)1 quantlza 101 ‘Fig. 5-21 Amplitude  Highestfrequency x Hz

(dISCI'ete amplltudes +/- Va|Ue), blnary Sampling rate = 2y samples/second
encoding, and digital-to-digital encoding.

*PCM is the sampling method used to Nyquist
digitize voice in T-line transmission in Theorem
North American telecommunications
system (codecs).

Sampling interval = 1/2x

 PCM sampling rate - twice the
highest frequency of the original signal —
to ensure the accurate reproduction of an
original analog signal using PAM
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1log-to-Digital Encoc

0001100000100110+--

@

Quantization

Binary
encoding

Y
Digital/digital
encoding

+038 +024

00110010000011000

[ m

Direction of transfer

>




Bit Rate &

Digital-to-Analog Encoding

Bit rate |
Bit rate

Baud rate is the
bits.

Uired to send those

Carrier signal

A high-frequency signal that acts as a basis for the information signal - by
sender

Digital information is encoded by modulating the signal's: amplitude,
frequency, or Phase

Bit rate=Baud rate X No. of bits per signal element



I-to-Digital Encoding

Pulse Code Modul

*Uses 3-4 processes to create
Slgnal PAM (Sampllng)1 quantlza 101 ‘Fig. 5-21 Amplitude  Highestfrequency x Hz

(dISCI'ete amplltudes +/- Va|Ue), blnary Sampling rate = 2y samples/second
encoding, and digital-to-digital encoding.

*PCM is the sampling method used to Nyquist
digitize voice in T-line transmission in Theorem
North American telecommunications
system (codecs).

Sampling interval = 1/2x

 PCM sampling rate - twice the
highest frequency of the original signal —
to ensure the accurate reproduction of an
original analog signal using PAM
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de Shift Keying (ASK)

amplitude iIs varied - 1 ¢
Amplitude
*Keying means turning a transmi

Bit rate: 5 Baud rate: 5
and off.
1 bit 1 bit 1 bit 1 bit

1 C0

*Highly susceptible to noise interference.
Noise is referred as random electrical
signals (voltages) that tend to generate | . |
errors in transmission; introduced into a ' ld e

line by heat from circuit components, or 1 —J

natural disturbances .
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Relationship between bauc
e and bandwidth in A

Amplitude
A

Minimum bandwidth = M4

"

ll" I" | | | | | Frequency
N

I
A

f:; o A'rbaud/2 ( f;: + Nbaud/2 )




ency Shift Keying (FSK)

Frequency is varie
or 0.

Amplitude

* Noise interference not a pre
because it's looking for frequency chang Bitrate:5  Baudrate: 5
and doesn't care about voltage spikes. e 1 bi

1

1 baud E 1 baud i 1 baud E 1 baud i 1 baud

s ————————————>|
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Phase is varied to rep

binary 1 or 0. e
Limited by the ability of the Bit rate: 5 Baud rate: 5
equipment to detect small I bit 1 bit

differences in phase. This
limits its potential bit rate.



ture Amplitude

*Means combining AS
PSK in such a way that we
have a maximum contrast
between each bit, dibit (one-
pair), quadbit (two-pair), and
SO on. 000

*Theoretically, any g h 110
measurable number of 111
changes in amplitude can be 4-QAM 8-QAM

COmbined with any 1 amplitude, 4 phases 2 amplitudes, 4 phases

measurable number of
changes in phase.

*Uses more phase shifts than
amplitude shifts to reduce
noise susceptibility.






de Modulation (AM)

*The carrier's signal
SO that ampl itUde Varies " Modulating signal (audio)
changing amplitude of the signal.

*The bandwidth of an AM signal Is Carrier frequency

equal to twice the bandwidthof the  |AWAWANANANANANAWAWA
modulating signal and covers a VAVAVAVAVAVAVAVAVAV

range centered around the carrier
frequency. gAML

* AM radio stations need a
minimum bandwidth of 10 Khz.



ncy Modulation (FM)

Amplitude
The frequenCy of the Modulating signal (audio)
carrier signal is modulated
to follow the changing —_

Amplitude

voltage level (amplitude) of
the modulating signal.

The bandwidth of an FM

signal is equal to 10 times
the bandwidth of the Amplitude
modulating signal.

An FM station needs a
bandwidth of 200 KHz (0.2
MHZz).

Carrier frequency

o

FM signal



odulation (PM)

The phase of the carrie
signal is modulated to

follow the changing Carrier Signal

voltage level (amplitude) of
the modulating signal. Ty ‘

Modulating Sine Wave Signal

Used as an alternative to | ﬂ | [\_ 1l
frequency modulation. — RIAATAVERVAVAVRUI ([IVAVAVAVS |

Phase Modulated Signal



