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Signal Carried over a network

Farzana Hassan
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To understand the present structure of the

telecommunications network, we have to

understand what types of signals are transmitted

through the telecommunications network andtheir
requirements.

Modern digital networks transmit digital information

transparently

the network does not necessarily need to know what

kind of information the data contain.
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Types of Information and Their

Requirements

Information that is transmitted through the

network may be Speech (telephony, fixed, or cellular);

Moving images (television or video);

Printed pages or still picture (facsimile or multimedia

messaging);

Text (electronic mail or short text messaging)

Music;

All types of computer information such as program files
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For digital transmission, analog signals such as speech

are encoded into digital form and transmitted through the

network as a sequence of bits in the same way computer

files are transmitted.

The transmission requirements are highly dependent on

the application.

The telephone network and ISDN have been developed

for constant-bit-rate.

Data networks such as LANs and the Internet have been

developed for bursty data transmission
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Frequency and Bandwidth

The information that we transmit through a

telecommunications network, whether it is analog or digital,
is

in the form of electrical voltage or current.

The value of this voltage or current changes through time,

and this alteration contains information.

The transmitted signal (the alteration of voltage or
current)

consists of multiple frequencies. The range of frequencies
is

called the bandwidth.

The frequency refers to the number of cycles through with
the

wave oscillates in a second.
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We are able to hear frequencies in the range of
approximately

20 Hz to 15 kHz
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Bandwidth

The voice signal, which is the most common message in

telecommunications network, does not look similar to a pure

cosine wave.

The range of frequencies that is needed for a good enough

quality of voice, so that the speaker can be recognized, was

defined to be the range from 300 to 3,400 Hz.

This means that the bandwidth of the telephone channel

through the network is 3,400300 Hz = 3.1 kHz.

A human voice contains much higher frequencies, but this

bandwidth was defined as a compromise between quality and

cost
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Bandwidth of the telephone speech channel
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Analog Signal

A continuous representation of a continuousevent.

An analog connection is one which continuouslyvaries in
amplitude and frequency.

The amplitude of the signal is representation ofits loudness
while the frequency represents itstone or pitch.
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Digital Signal

A digital signal is defined at discrete times only

represented by fixed states digits.

Most usually it is represented by a binary signals

with 1s or 0s represented by a positive voltage

or zero voltage, or by two different carrier

frequencies or phases. In optical fiber system 1s

or 0s may be represented by light on or light

off.
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Why Digital instead of Analog?

Quality of signals with analog systems varies as

overall distance of the circuit varies since noise

increases as the circuit becomes longer. Amplifiers used in
analog systems amplify the

noise along with the original signal.

With digital systems only one of certain number

of possible states exist (1 or 0) which if identified

can be used to recreate the original signal from an

degraded input.
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Why Digital instead of Analog?

REGENARATION is the key benefit ofdigital transmission
systems.

By adopting digital systems the noiseperformance of a long
distance telephone

channel is as good as that of a shortdistance channel.
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More Advantages of Digital

Transmission Systems Higher Data Rate Possible:

With digital computers around, digital lines cantransfer data at
much higher rates than analog lines.

Improvements using Digital Radio Systems: Since digital systems
free from noise, they are best

suited for radio systems.

Digital Exchanges and ISDN:

Digital exchanges have tremendous advantages overanalog
exchanges, these can be even enhanced byISDN customers (no
conversion required)
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More Advantages of Digital Transmission

Systems

Lesser Maintenance

Extra Security:

With digital systems, it is possible to use differentcodes by
scrambling the signals at transmitter and

unscrambling at the receiver end.

Space Saving and Economical:

Digital systems are physically small and relativelycheap thanks
to advancements in LSI circuits
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Analog Signals over Digital Networks

If a digital signal is to be transmitted through an

analog network, it has to be converted into an

analog signal suitable for the frequency band of

the channel. If the network is fully digital, analog voice
is

encoded into digital form at the transmitting end

and decoded into analog form at the receiving

end.

This coding is performed in the subscriber

interface of a digital telephone exchange
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Transmission System

The aim of any transmission system is to produceat the output,
an exact replica of any signal whichis applied to the input.

In AM or FM, a system carrier is continuouslyvaried by the
signal.

It is not necessary to continuously send the

information and only samples at certain levelsare sufficient to
represent it fully.

Example MOVIE.
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PCM

Initially invented by A.H. Reeves in 1937

Pulse Code Modulation is the representation of a

signal by a series of digital pulses firstly bysampling the
signal, quantizing it and then

encoding it.

The PCM signal itself is a succession of discrete,

numerically encoded binary values derived from

digitizing the analog signal.
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PCM System


	
7/29/2019 Telecom Network Lec03 1

21/76

PCM Steps

Sampling

PAM

Nyquist sampling rate theorem Quantizing

Uniform and non uniform

A- Law and - Law Encoding

Binary sequences.
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Pulse Modulation Systems

A series of regularly recurring pulses is made tovary in
amplitude, duration, shape, or time as afunction of the modulating
signal

Used to transmit both analog and digitalinformation, such as
voice and data.The analogsignal is sampled, digitized and encoded
into a

digital pulse stream.If the signal is already is indigital form,
it may be encoded into a digitalpulse train.
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Pulse Modulation Examples

Pulse-amplitude modulation (PAM)

Delta modulation (DM)

Pulse-width modulation (PWM)

Pulse-code modulation (PCM)

Pulse-position modulation (PPM)
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ADVANTAGES OF PULSE

MODULATION Noise immunity

Inexpensive digital circuitry

Can be time-division multiplexed with otherpulse modulated
signals

Transmission distance is increased through theuse of
regenerative repeaters

Digital pulse streams can be stored. Error detection and
correction is easily

implemented
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DISADVANTAGES OF PULSE

MODULATION

Require a much greater bandwidth to transmit

and receive than its analog counterpart

Special encoding and decoding techniques maybe necessary to
increase transmission rates

making the pulse stream more difficult to

recover.

May require precise synchronization of clocks

between the transmitting and the receiving

stations
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Pulse Amplitude Modulation

Sampling is the process of determining the

instantaneous voltage at given intervals in time.

PAM is the technique used to produce a pulsewhen the signal is
sampled.

The pulse's amplitude is equal to the level at the

time in which the analog signal was sampled. The

amplitude of the pulses in a PAM signal containsthe intelligence
or modulating voltage.
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Sampling

The higher the sampling rate, the closer the

recovered signal approaches the original signal.

Ideally, an infinite sampling rate would bedesirable in terms of
reproducing the original

signal.

This is not practical, however, due to the

bandwidth limitation on the large amounts of data

that would need to be transmitted.
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Sampling

Nyquist Sampling Theorem: If a signal is sampled

at a rate that is at least twice the highest frequency

that it contains, the original signal can be

completely reconstructed. Since the bandwidth of the telephone
lines is 300

to 3400 Hz, a sampling rate of 8 kHz is used

which is easily above twice the highest frequency

component within this range.
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Sampling

8000 samples per second, or 8 kHz,sampling period 125 s

Within one sampling period, samples ofseveral telephone channels
can besequentially accommodated. This processis called TDM.

Alias distortion occurs if Shannonscriterion is not
satisfied
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Quantization

Instead of transmitting the exact amplitude of the sampled

signal, only certain discrete value closest to the true one
is

transmitted.

At the receiving end the signal value will have a value

slightly different from any of the specified discrete steps

due to noise and distortions encountered in the

transmission channel.

If the disturbance is negligible, it will be possible to
tellaccurately which discrete value was transmitted and the

original signal can be approximately reconstructed.
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Quantization

Quantizing is a process by which analog samples (from apulse
amplitude modulated (PAM) signal) are classifiedinto a number of
adjacent quantizing intervals.

Each interval is represented by a single value called
theQuantized Value.

This process introduces an error in the magnitude of thesamples
resulting in quantizing noise

However, once the information I sin quantized form, itcan be
sent over reasonable distance without further lossin quality
through regeneration of the binary levelsinvolved to counter
distortion.
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Quantization

A group of on-off pulses can be used torepresent 2n discrete
sample values.

Working range: the permitted range ofvalues of an analog signal
divided intoquantizing intervals.

In quantizing telephone signals, the rangeof signals to be
transmitted is divided into256 intervals (8 bits).
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Linear Quantization

The quantizing intervals are of equal size.

Quantization noise: the difference between theinput signal and
the quantized output signal

Signal-to-quantized-noise ratio

S/N= 4n *3/2= 6n+1.76 dB

n=8, S/N=49.76 dB

In other words, every added binary digit increasesthe ratio by
6dBs

Channel capacity=B log2(1+S/N)=3.1 log2(1+ 48

3/2)=51 kbps
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Linear Quantization.. Example
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Linear Quantization.. Example

Consider sample 2, the actual amplitude of thesignal is
+1.7V.

This is assigned level 2 (same for any voltage

between 1 & 2), which is transmitted as line code101.

At the receiving end 101 is converted to a pulse of+1.5V (the
middle value of the decision level at

the encoder) This produces an error of 0.2V between original

input and output signals.
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Linear Quantization

Errors occur on every sample except where the

sample size exactly coincides the mid-point of

the decision level. If smaller steps are taken the quantization
error

will be less. However, increasing the steps will

complicate the coding operation and increase

bandwidth requirements. Quantizing noise depends on step size
and not on

signal amplitude
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Non-Linear Quantization

With linear quantization, the signal to

noise ratio is large for high levels but small

for low level signals.

Therefore, non-linear quantization is used.
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Non-Linear Quantization

The quantizing intervals are not of equal size.

Small quantizing intervals are allocated to small

signal values (samples) and large quantizationintervals to large
samples so that the signal-to-

quantization distortion ratio is nearly independent

of the signal level.

S/N ratios for weak signals are much better but isslightly less
for the stronger signals.

on near uan za on
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Non-Linear Quantization

Companding: a process in which

compression is followed by expansion.

Two separate laws are usedA-Law adopted by ITU-T for 30
channel

PCM.

-law used mainly in USA,Canada and Japan.
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A-Law

13 piece-wise linear segments

A=87.6, for x>0

where x = normalized input level,

Y = normalized quantized steps,

ln = natural logarithm

1 ln 1

1 ln

1

1 ln

1

0

AxA A

AxA A

Y for x

Y for x

A-LAW
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-Law

-law used in North America and Japan:

Y= sgn(x) ln(1+x)

----------------

ln(1+)where =255.
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ENCODING

PCM signal to be transmitted is obtained by

encoding the quantizing intervals.

Allocation of 8-bit word is done to each

individual sample. An 8-digit binary code is sued for 128
positive

and 128 negative quantizing intervals.

First bit used for all PCM words for all positiveintervals is 1
and for negative intervals is 0
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MULTIPLEXING

The 8-bit PCM words of a number of telephone

signals can be transmitted consecutively in

repeated cycles.

A PCM word of one telephone signal is followed

by PCM words of of all other telephone signals

arranged in consecutive order.

This results in PCM TIME DIVISIONMULTIPLEX signal


	
7/29/2019 Telecom Network Lec03 1

49/76

MULTIPLEXING

Multiplexing function is carried out fullyelectronically.

A switch moves from one input to other.

The PCM-TDM signal is then available at theoutput of the
switch.

The time interval within which a PCM word is

transmitted is known as Time Slot. A bit train containing one
PCM word each from

all inputs is known asPulse Frame.
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Receiver Side

Demultiplexing PCM-TDM signal i.e. the PCM

words of the telephone signals are distributed to

the individual lines.

Decoding PCM words in the PCM signal i.e. asignal amplitude is
allocated to each word, which

is equal to the midpoint value of the particular

quantizing interval. Result is a PAM signal.

Reproducing the original analog telephone signal

from the PAM signal through a LPF.
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Line Code

A code chosen for use within a

communication systems for transmission

purposes. A line code may differ from the code

generated at a user terminal, and thus may

require translation
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Line Codes for PCM

Unipolar NRZ -- Stays positive and doesnot return to level 0
during binary 1 cell.

Bipolar NRZ -- 2 non zero voltages i.e.

positive for 1 and negative for 0 and doesnot return to 0.

Unipolar RZ -- there is always a return to

level 0 between individual bits duringbinary 1 cell.

Bipolar RZ -- 2 non zero voltages i.e.positive for 1 and
negative for 0 and returns

to level 0 as well.
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Line Codes for PCM

CMI -- 1s represented by alternate + and -

states and 0s always represented by a -

state during first half and + in second halfof bit interval.

AMI -- 1s represented by alternate + and -

states and 0s always represented by zerovoltage.
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Line Codes for PCM

HDB3 -- used to eliminate series of morethan 3 0s in the
AMI.

The last zero of 4 consecutive zeroes isreplaced by a violation
(V) pulse that violatesthe AMI rule.

The first zero may be replaced by a 1 to

prevent two Vs to have the same polarity.0000 ==> X00V, X is
so chosen the Vspolarities alternate.
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Regenerative Repeater

The advantage of PCM lies chiefly in the factthat it is a
digital process.

It is much easier for a receiver to distinguishbetween a 1 and a
0 than to reproduce

faithfully a continuous wave signal. Transmission media carrying
PCM signals

employ regenerative repeaters that are spacedsufficiently close
to each other

(approximately 2kms) to prevent anyambiguity in the recognition
of the binaryPCM pulses


	
7/29/2019 Telecom Network Lec03 1

57/76

Regenerative Repeater

The regenerative repeater conditions the

received (attenuated and distorted) pulses

through preamplifiers and equalizer circuits. The signal is then
compared against a voltage

threshold

Above the threshold is a logic 1, and belowthe threshold is a
logic 0. The resulting signal

is said to be threshold detected.
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Regenerative Repeater

Timing circuits within the regenerativerepeater are synchronized
to the bit rate of

the incoming signal. The threshold detected signal is sampled
at

the optimum time to determine the logiclevel of the signal.

The resulting code is used to regenerateand retransmit the new
equivalent signal

Regenerative Repeater
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Regenerative Repeater
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PCM Transmission System
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Formats for 30-channel PCM

systems (E1) A time slot: 8 bits

A frame lasts 125 s and is divided into 32 slots,numbered slot 0
to slot 31, transmission rate

2.048 Mbps Time slot 0: frame alignment and service bits

Time slot 16 for multiframe alignment andsignaling, the
remaining 30 slots for data

transmission (voice channel) A multiframe consists of 16 frames
(2ms)

numbered frame 0 to 15
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Formats for 30-channel PCM

systems (E1) TS 0

For even frames: Y0011011--frame sync.word (FAW)

For odd frames: Y1ZXXXX

For frame 0: 0000XZXX (0000 multiframealignment signal,

Y:international use, Z: frame alignment lossindicator, X: not
used)

TS 16 for frames 1 to 15: signalingfor 30 channels
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PCM 30 Pulse Frame
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Formats for 24 channel PCM

systems (T1) Used in North America and Japan (DS1)

A frame lasts 125 s, 24 time slots each

having 8 bits The 8th bit in every six frames is used for

signaling.

1 bit at the start of every frame included forframe and
multiframe alignment purpose
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Formats for 24 channel PCM

systems (T1) A multiframe consisting of 12 frames, frame

alignment word 101010 on odd frames,multiframe alignment word
001110 on even

frames

Transmission rate (1+24* 8)/125 = 1.544Mbps

PCM24 P l F
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PCM24 Pulse Frame
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T1 Format for CCS

Pulse Frames are not combined to formmulti-frames.

The first bits in every even pulse frames are

used for Signaling (S-bits).

SUMMARY
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SUMMARY
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Higher-Order Digital

Multiplexing (CCITT)

T1 and E1 are the primary order of digital

multiplexing Higher orders can be formed

Example: second order multiplexing (2 to8 Mbps) -- Four low rate
bit streams E1(tributary) are multiplexed in a bit-by-bitmanner to
E2
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PLESIOCHRONOUS

HIERARCHY

5760 Ch

397.2 Mbps

2.048 Mbps
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Timing Alignment by

Justification When signals are combined in a digital signalunit,
their timing is synchronized byjustification.

With the aid of justifying service digits, thetransmitter
continuously informs the receiverwhether justification has taken
place.

The receiver used justification service bits to

reverse the justification and recover the originalsignal.

Additional transmission capacity is provided forthe purpose.
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Timing Alignment by

Justification.. Example Four plesiochronous PCM30 signals
(each

having the rate of 2048kbits/s are combined into

a single transmission system for 120 channels.

For combination to the higher order, justification

is carried out.

2048 *4 = 8192, but actual rate is 8448kbits/s

Additional 256 kbits/s are used for justificationpurpose.
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