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MUt = Aptes@nfel) —
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wheve, ‘(—) Amplt buade o Carver Aignal .

L= Frequency of Carvier Aignal .

. chuum-.\twmqhﬂﬁ'mlk
Fven by,

se)= A, [4 + K min)] cospar,+)
- —
where, 1= Ampt dude SanciHvidy paTameier
Substtéuli wmit) = A, 0SQATLY T Cqualion ()
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of Cozyiex &ignel n atterdana WiHH e MRianleneous
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For Frequm%modulmd Weve & a0 Skerth Telessany WIVCformi

L Erequenuy Modulstion 15 @ process o alerfng the Frequenty of
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iy S
whese 0:(4) = Angl § FM wave (modulaitd tiaive)
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S
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2.3) NOISE IN AM RECEIVERS
. . . — ft) Output
* An AM signal is given by AM signal o | Bandpass | | Envelape L o sianal
s(t) = A.(1 + kam(t))cos2nf.t @ gt T fier T "
where,
mit) = message signal and let us assume Naise

that the message signal power is ‘P* watts wt)

. Fig Noisy model of AM receiver.
c(t) = A.cos2nf.t =carrier signal and g ey “ eeEvEr

AT
the average power of the carrier signal is ?' T f th ® by N, W
# The power of the noise n(t) is given '
s(6) = Accos2nft + Ackgm(t)cos2nft @ where W is the bandwidth of message signaT

. A7 AlkP a7
S0 average power in S[!J = -1“ + 2 = —2"- [1 + kiP} # we define the channel ngﬂ-ﬂfvfﬂ-ﬂﬂﬁ'! ratio,
(SNR) average povwer af the modulated signal
E=

the average power of noise in the message bangdwidth
AZ
5 +kiP)  A2(1+k3P) 0

N, W T INW

# The combination s(t) + wit) is

applied to a bandpass filter, the BPF is

actuzlly a narrow- BPF such that f 3 Bp, (SNR)o=
=

# After passing from BPF, wideband noise
wit) gets converted into narrowband noise n(t)

¥ The filtered signal x(£) available
for demodulation is defined by
x(t) = s(t) + n(t)
x(t) = ApcosZaf.t + Akym(t)cosZrf.t +n(t) a



From equation H-' » The power of the noise n IE;‘in;I INVAR
I
x(t) = A.cos2afr + A ke,m(t)cosZufit + nit) . given by N, W,where I is the bandwidth
x(t) = AgcosZrf.t + A kamit)cos2uft + ny(t)cos2af.t — ng(t)sin2mf .t of message signal
2(8) = Ac(1 + kgm(t) + n,(8)) cos2nft — ng(t)sin2nft ©
= The output signal-to-noise ratio,

After passing from envelope detector, the envelope of output average power of the
x(t) is given by demoddulated message signal
y(t) =Envelope of x(t) y (SNR)o= Fe average power ﬂﬁ;ﬁ;ﬁm
2y /2
yt)= {[AE[I + kgm(e) + ny(0))" + {ng(t}) I 0 AkEp
(SNR)p= =22
However, when the average carmer power 15 large compared ZN W
with the average noise power, so that the receiver is operating Einall . i -
satisfactorily, then the signal term A (1 + kom(¢))will be large D'fn:h:' :' need to find out ‘Figure of Merit
compared with the noise terms m;(£}) and ng(t).at least most (SNR),
of the time. Then we may approximate the output y(t) as FOM = (SNR)
y(t) = A (1 + kgm(t) +n,(t)) ‘
After passing from LPF Alk2p
y(O) = AkmO)+n(0y @ ﬁj’w
D(‘ bt Molse FOM =—A3[1 )
emodulate
Signal . IN,W
ksP
i — i
The average power of the demodulated signal is= =" © FoM =1ar | €D

FOM of AM receiver is given by
kip
FOM = ————
1+ kEF

Suppose, if the message signal is a singletone waveform then,
m(t) = Apcos2mf,t,
Then average message signal power is

50,

FOM = —= 5 e ( kA o
= = =
1+u31{‘T] Zep .

5b)



2.1) Receiver Model

=)+ wit)

Madulatad

T xlih
sagnal —ll-'(i\—b- Band-pass Demodulator _l__[:lutpul y(t) Sw(f)

<) filtar
#*

signal

x(e) = () +n(r)
Moise
wili]

» To make receiver model analysis convenient the kind of noise
affecting the channel is chosen to be Additive White Gaussian Noise
[AWGN)

# AWGHN has following characteristics

(i) It is additive in nature it gets added on the top of information or

message signal

(ii) It Is prevalent in all frequency hence it is known as white

(iii) The distribution of this noise is Gaussian in nature

# Here, 5(t)=modulated signal coming from transmitter

w(t) = wideband noise

# The combination s(t) + w(t) is applied to a bandpass filter, the BPF
is actually a narrow- BPF such that f. 3 By,

where, f, = carrier frequency and By =Transmission BW

# After passing from BPF. wideband noise w(t) gets converted

into narrowband noise n(t)

F Here,

PSD of wideband noise , 5, (f) = HT" ; for all frequency o

PSD of narrowband noise , Sy (f) = "?‘ sfor TR < | fl < BT/, ()

Where, Ny = Average noise per unit bandwidth
# Mathematically a narrowband nolse equation can be written as

n(t) = n{thcos2mft — ng(t)cos2mf.t 9
where n;(t) is the in-phase noise component and ng(t) is the
quadrature noise component, both measured with respect to the
carmier wave cos2muf_t

» The filtered signal x(t) available
for demodulation is defined by

|
fe

[=]

fi

Given the format of 5¢t). we also have to determine the
average signal power at the demodulator ingut,

= we define the channe! signal-to-noise ratio,
average power af the modulated signal
(SNR)= e

x(t)=st)+nit) O

¥ The details of £(t) depend on the type of modulation
used, in any event, the average noise power at the demodulator

'erage power of noise in the message handwidih®

measured at the recelver imput.

nput is equal to the total nder the i the , # The oumput signal-to-noise ratio,
' '8 equa_ fo ol ares under e cuve power average power of the demodulated message signal

spectral density Sy () (SNR) =

the average power af the noise

# From figure we readily sce that this average noise poweris  measured at the receiver output,

E'\qllﬂl o Hﬂ B-r



Finally we need to find out ‘Figure of Merit’” as

_ (5NR)q

T (SNR)e

Clearly, the higher the value of the figure of merit, the better will
the noise performance of the receiver be. The figure of merit may

equal one, be less than one, or be greater than one, depending on
the type of modulation used.

FOM

5¢)

2.9)NOISE EQUIVALENT BANDWIDTH In this case, the average output noise power is
The average output noise power of the any filter is proportional Nyue = NoBH?(0) (2]
to the bandwidth Thercfore, equating this average output noise power to that in

Noise equivalent bandwidth is a term that basically (1) we may define the noise equivalent bandwidth as

compares the noise power of any arbitrary filter response

o 2
with the ideal filter response. = fy IHUNHIdf g
HZ(0

Consider the case of a LPF, suppose that we have a source Thus, the procedure for calculating the noise equivalent

of white noise of zero mean and power spectral density ¥/, bandwidth copsists of replacing tbe arbim low-pass filter of
connected to the input of an arbitrary lowpass filter of transfer function H(f) by an equivalent ukal low-m filter o(_'
transfer function H(f). The resulting average output noise  Zero frequency response H(0) and bandwidth B. as illustrated in
power is therefore Figure

N @
Now = 7° f H()IPdf lnF

Now=No [ IHOPIS @
(]

Consider next the same source of white noise connected to the

mput of an ideal lowpass filter of zero-frequency response H(0)
and bandwidth B.

<GS

-8 0 A f

6 a)



2.2) NOISE IN DSB.SC RECEIVERS Conerent detector
* A DSB-5C signal is given by | l
[

I ]
s(t) = mlt)c(t) 0 DSE-SC + Band-pass =i 1| Product ™ Low-pass .
whess, sgaisd L™ e ] modulster [~ fiter [T W
m(t) = message signal and let us assume 4 : _}
that the message signal power is “P* watts R e s B
c(t) = Accos2mf.t =carrier signal and 'fm“' iz
F
the power of the carrier signal is o Local
- oscillator
Hence,
s(t) = Acm(t)cos2nft @ Fig. Model of DSB-SC receiver using coherent detection.
» The combination s(t) + w(t) is = we define the channel signal-to-noise ratio,
applied to a bandpass filter, the BPF is - average power of the modulaied signal
actually a narrow- BPF such that f, > By, (SNR)c= the average power of noise in the message handwidth
# After passing from BPF, wideband noise A2 P 2
wi(t) gets converted into narrowband nolse n(t) (SNR)= 2 _ AP 0
# The filtered signal x(t) available NW 2N W
for demodulation is defined by
x(t) = s(t) + nlt)
x(t) = A mit)cos2nf.t + n(t) €
# The power of the noise n(t) is given by N, W,
where W is the bandwidth of message signal
Coherent detector The power of the demodulated signal
R e e e ] i m(t) . AP
psesc __* Band-pass x(t)i Product v Low-pass : Y
sl )~ A fitter ™ mocastr ] fie [T>2%  The power of the noise
+ | \ LG N W
R S J - 2
cos (2af.0)
"::,' " » The ouiput signal-to-noise ratio,
Local average power of the
oscillator (SNR)= demodulated messafe signal
0™ the average power of the noise’
measured at the receiver output
In the coherent detecter the incoming signal x(t) is multiplied by the locally Ap
generated carrier signal to produce v(t) which is given by (SNR),= _i_
= v(t) = x(t)cos2af.t o ﬂﬁ‘!_
= v(t) = (s(t) + n(t))cos2nf.t © A2p
v n(t) = ny(t)cos2nfet = ng(t)sin2aft @ (SNR)y=>—— ©
= v(t) = (Acm(t)cos2nf.t + ny(t)cos2nf.t — ny(t)cos2nf.t)cos2nf.t o 2N, W
Finally we need to find out ‘Figure of Merit”
After passing from a LPF, all the higher frequency of DSB-SC as
terms will be eliminated, the output is given by POM (SNR),
y(e) = 250 4 O " (SNR)c

e Noise
Demodulated
signal |_FOM =1 | @
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2.8) PRE=EMP IS AND DE=EMP IS IN FM
# The power spectral density of output # Near the cut-off frequency noise becomes more dominant compared to message
noise is given by signal, obviously SNR will go down.
‘o _ » A more satisfactory approach to the efficient utilization of the allowed
SyalF) = A_e”" iflsBr=W (1] frequency band is based on the use of pre-emphasis in the transmitter and de-
0: atherwise emiphasis in the receiver

FM o De-emphasis Wessage

By (0 . .
Feceiver fitter, Hlrh plus nosse

.| Pre-emphasis ; M
mig filter, H i) trarsmitter

Moise

w 0 w wilth
) ¥ In this method, we artificially emphasize the high-frequency components of the

¥ The power spectral density of a typical message signal prior to modulation in the transmitter
message source; audio and video signals ¥ Then, al the discriminator output in the receiver, we perform the inverse
typically have spectra of this form, operation by de-emphasizing the high-frequency components, so as to restore the
shown in figure (b), original signal-power distribution of the message

5,00 # In order to produce an undistorted version of the onginal message at the receiver
output, the pre-emphasis filter in the transmitter and the de-emphasis filter in the
receiver must ideally have transfer functions that are the inverse of each other.

1
" 0 W d Hae U = 35

2w
Zw? I

1 Fd
= fedf
1+¥|
]

Hence, = [w";fu)a
Huh) =y © 3[(%/ge) + a7t (¥, )]

He .

Average output noise power —
W
with de-emphasis = [Hge ()2 I Sa(Hdf —| Aitir |—o
—W

¥ Simple pre-emphasis filter that emphasizes high frequencies = =
and is commonly used in practice is defined by the transfer 3[“' |Hae ()2 Fdf 3_["'
function ™ -

Hy(f)=1 'Fi ©
fo

Ny ¥ . Ingut r o
= 22| e (Prdr @ - ' L
O

= o

The improvement in output signal-to-noise ratio produced by the use of pre-
P S P by P Fig.(c) Pre-emphasis filter

emphasis in the transmitter and dn:—l:rnp]'nis in the receiver is defined by

average output noise power without pre-emphasis and de-emphasis Vv 9
T average output noise power with pre-emphasis and de—emphasis nput 1 ouea
2NgW? d  CT ‘g

342 zw?

I =

=W G a
I_“;IHMU}FFdf 3 Mg (DRff Fig.(d) de-emphasis filter

ks
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1.3) WHITE NOISE

7 In signal processing, white noise 1s a random signal having equal
intensity at different frequencies, giving it a constant power spectral
density

» White noise refers to a statistical model for signals and signal sources,

rather than to any specific signal. White noise draws its name from

white light for the matter of fact that white light contains equal amounts
of all frequencies within the visible band of electromagnetic radiation

7 We express the power spectral density of white noise, with a sample
function denoted by w(t).as

Sw([)=~7° (1

7 Since the autocorrelation function 1s the inverse Fourter transform of the

power spectral density, it follows that for white noise

Rw@) =250) @
7 The dimensions of N, are in watts per Hertz. The parameter
N, 1s usually referenced to the input stage of the receiver of a
communication system. It may be expressed as
N, =kT, ©
where k is Boltzmann's constant andT,, is the equivalent noise
temperature of the receiver.

7a)

Sampling Theorem
Sampling theorem states that any continuous time signal can
be completely represented in its periodic samples and
can be recovered back if the sampling frequency is greater than
or equal to twice the highest frequency component of
base band (message)signal.

f. = 2w
fe = Samping frequency and W= bandwidth of message
signal

Consider an arbitrary signal g(t) of finite energy, which is specified

for all time.
Consider a train of unit impulses separated at a distance T, and

represented by sg(t)
Multiplying g(t) with sg(t), yields a ideal sampled signal gg(t)

Ideal Sampled signal thus can be written as
gs(t) = g(t)ss(t)

ga(t) = g(t) Eaoeaw 8(t — nT)
gs(t) = Eio_g(nTy) 8(t — nTy) (2]

Syl

0

Fig. power spectral density of white noise

Rylr)|

Ro #7)
2

0

T

Fig autocorrelation function

manur 1w

()= ) (t—nT)

n=—

1

ar, -2 -T, 0
gglnl

T, 2T, 3T, 4T 5T, ¢

LT



From equation (1)
gs(t) = g(t)ss(t)
! FT.

Gs(f) =16 ( = 1550
Gs(f) = [GUNT* [ En=-= 6UF — 1) ]

( Fourier Transform of periodic impulse train
is a periodic impulse train with change in amplitude)

GN=h Y cr-nt) @

n==o

\ '
)= ), 8=nT) s =F D 6 —nf)

n=—tn

(* by convolution property of impulse 1 ,él:_m
GUf) = 6(f = nfs)=G(f - nfs))
We can rewrite equation (3] as | |
- ar, -2T, -1,0 T, T, 3T, 4T 5T, , | | | |
2r ~f 0 fe 2 36
6 =N+ . 6f-nr) @ 84t
n=0 n=w GlR
n=0 "
where f,=2W ’f T T T T ZwEm
1
’ ' { A/\/I\A/\
|
= T, L T 4 W 0 W %, "

Reconstruction of original signal through sa

mples

Signal g(t) can be reconstructed from ideal sampled signal

g5(t) using a reconstruction filter h(t).
The characteristic of reconstruction filter is given as
1) The amplitude of the reconstruction filter must be!/,.

2) It's bandwidth must be equivalent to w Hz

H(f) = Ve ~@l<f<7, ©)

0; elsewhere

) /s
Taking inverse Fourier transform of equation (5]
h(t) = sinc(2wt) e
Passing equation (4) from a LPF

Gs(f) = £G(f)

0

7b) TDM

6 =76 @

It is like passing Gg(f) from reconstruction flter

Gs(f) G(f)

Reconstruction filter

H(f) ="/,

(N =H(NG() ©
Taking inverse Fourier transform

9(t) = h(t) » gs(t)

Y g 8t~ nTy)

N==—0o0

Equation (9) is known as interpolation formula

g(t) = sinc(2wt) = [

g(nT)sine (2w (t — nTy))

g(t) = [ >

n=—tn




* Animportant feature of the sampling process is a conservation of time.

* The transmission of the message samples engages the communication channel for only a fraction of the sampling interval on a
periodic basis

* S0, some of the time interval between adjacent samples is cleared for use by other independent message sources on a time-
shared basis

= Atime-division multiplex (TDM) system, enables the joint utilization of a common communication channel by a transmission of
multiple independent messages without mutual interference among them

Low-pass
[antmlmslng)
filters

Synchronized

Low-pass
(reconsruction)
fitters Message
outputs

1

Pulse
modulator

channel

Communication

_,./m T

Clock pulses

Transmitter
* The concept of TDM is illustrated by the block diagram,
each input message signal is first restricted in bandwidth by a
low-pass pre-alias filter

+ The lowpass filter outputs are then applied to a commurator,
which is usually implemented using electronic switching
circuitry

* The function of the commutator is twofold:

1) to take a narrow sample of each of the N input messages ata
rate f; that is slightly higher than 2W,

where W is the cutoff frequency of the pre-alias filter, and

(2) to sequentially interleave these N samples inside the
sampling interval Tg

\)‘, “~
Pulse i M \ %
*| demodulator | J
LY 3
.
T Dacommiwtator LPE N
Clock pulses
AT h X

RanuI [1wari
Following the commutation process, the multiplexed signal
is applied to a pulse modulator, the purpose of which is to
transform the multiplexed signal into a form suitable for
transmission over the common channel

Receiver

= At the receiving end of the system, the received signal 1s
applied to a pulse demodulator, which performs the reverse

operation of the pulse modulator.

* The narrow samples produced at the pulse demodulator
output are distributed to the appropriate low-pass
reconstruction filters by means of a decommutator. which
operates in synchronism with the commutator in the
transmitter.

pass Low-pass
(anti-aliasing) (reconsruction)
Message  filters filters Message
inputs h outputs
1 LPF s e e i - LPF =1
- - ,/ \-\ - —
I y o "
/ # - a5 \
Pulse Communication Pulse ~ P
¢ LPF X 1 modulator channal demodulator \ ] LPF
; - e 5
7 Commutator Decommutator LPF i

Clock pulsﬁ

Clock puls.es

Fig. Block diagram of TDM svstem

8a)



Pulse modulation is a type of modulation in which train of pulses are used as the carrier wave and one of its
parameters such as amplitude are modulated in order to carry information. Pulse modulation is divided into two
types as analog and digital modulation. The analog pulse modulation techniques are further classified into
Pulse Amplitude Modulation (PAM), Pulse Width Modulation (PWM) and Pulse Position Modulation (PPM).

Pulse Amplitude Modulation (PAM) is an analog modulating technique in which the amplitude of the pulse
carrier varies proportionally to the instantaneous amplitude of the message signal.

Pulse Width Modulation (PWM) is an analog modulating technique in which the width of the pulse carrier varies
proportionally to the instantaneous amplitude of the message signal.

Pulse Position Modulation (PPM) is an analog modulating technique in which the amplitude and width of the
pulses are kept constant, and the position of each pulse, concerning the position of a reference pulse, varies
according to the instantaneous sampled value of the message signal.

8b)PPM
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8¢)
Concept of under-sampling and over-sampling

1) When sampling frequency f; = 2w Hz then this is called correct sampling and there is no aliasing affect seen at this rate.

Rahul Tiwar

-2f =30 —-f - 0 o fi 3w 2f f
2) When sampling frequency f; < 2w Hz then this is called under sampling and there will be aliasing affect seen at this rate.

Aliasing

—dw -2f; —30 —=F, -w M e S 3w 2f. 4w 1:a"

3) When sampling frequency f; > 2w Hz then this is called over sampling and there is no aliasing affect seen at this rate.

Guard
band

-2f, 3w Tk —@ o] w 2 i 3:&, 2f; f

Sampling Theorem

Sampling theorem states that any continuous time signal can
be completely represented in its periodic samples and
can be recovered back if the sampling frequency is greater than
or equal to twice the highest frequency component of
base band (message)signal.

f, = 2w
f; = Samping frequency and W= bandwidth of message
signal
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2.1) Uniform Quantizer

7 In a uniform gquantizer, the representation levels are uniformly
spaced; otherwise, the quantizer is non-uniform.

7 The quantizer characteristic can also be of midtread or midrise type.
Midtread and midrise are two types types of uniform quantizers

7 The input-output characteristic of a uniform quantizer of the

midtread type, which is so called because the origin lies in the

middle of a tread of the staircase like graph Fig. A

The corresponding input-output characteristic of a uniform

quantizer of the midrise type, in which the origin lies in the middle

of a rising part of the staircase like graph Fig.B

Outpat
T

v

4}

Fig.A Midtread type unifarm quantizer Fig.B Midrise type uniform quantizer

or, correspondingly,
0=M-V g
m be the sample value of a zero-mean random variable M,
v be the sample value of a 2ero-mean discrete random variable V¥
Quantization error be denoted by the random variable ' of sample
value g
Consider then an input m of continuous amplitude is in the

range (—Mmar, Mmax)
The step—siiiuf the guantizer is given by
_ =Mmax

where L is the total number of representation levels
Let R denate the number of bits per sample used in the

construction of the binary code
L=z 0

then,

equivalently, R=log, LE

For a uniform quantizer, the quantization error 0 will have its sample
values bounded by —A /2= g =< A /2

Assuming that the quantization error ( is a uniformily distributed
random wariable we may thus express the probability density function
of the quantization error @ as follows:

L. —afisq=af2

(g1=1{ /4’

fola o elsewhere

with the mean of the quantization error being zerg, its variance r:r,% 3
the same as the mean-square value

3).QUANTIZATION NOISE
The use of quantization introduces an error defined as the difference
between the input signal m and the output signal v. This error is called
quantization noise.

Typical variation of the quantization noise as a function of time,
assuming the use of a uniform quantizer of the midtread type

N

Fig.C lllustration of the quantization process
Let the quantization error be denoted by the random variable Q of

e =] @

Output level

* Input level

1= 2 { =E F3
e LF}: fole)dg = E[Q*] ©

=& i
oy =j 2 1/pdg =E[Q7] |03 =4},

-af2

Cope) () L3

L F3 i -2k

EE=T‘55=T =’d'5—3m,z.u22 ﬂ

Let P denote the average power of the message signal m(t)We may
then express the output signal-to-noise ratio of a uniform quantizer as
(SNR),= - (—,—H )z“ O
! ﬂ'{ilz Minax
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4).PULSE-CODE MODULATION

#» Asignal is pulse code modulated fo convert its analog
information into a binary sequence, ie., 1s and 0s, The output
of a PCM will resemble a binary sequence. The following
figure shows an example of PCM output with respect to
instantaneous values of a given sine wave.

* PCM is the most basic form of digital pulse modulation.In
pulse-code modulation (PCM) a message signal Is
represented by a sequence of coded pulses, which
isaccomplished by representing the signal in discrete form in

Sine Wane
Input

both time and amplitude.

# The basic operations performed in the transmitter of a
PCM systermn are sampling, quantizing, and encoding,

# The basic operations in the receiver are regeneration of
impaired signals, decoding, and reconstruction of
the train of quantized samples

# The quantizing and encoding operations are usually
performed in the same circuit, which is called an analog-to-
digital converter.

Output

Surm of PCWl
. T wgrsl
e e = Garrphr —sef Quslin —=| Ercote —= spobed o
eesage shannni ingut

ol Transmittee

Ded ] Rogarsraed

fteer FCN Regareraiig I FRgeen b v | PCM gl

a cranrel ouEpud — — ek e

() Trersmission peln

4.1 PLING

The incoming message signal is sampled with a train of narrow
rectangular pulses, to ensure perfect reconstruction of the
message signal at the receiver, the sampling rate must be
greater than twice the highest frequency component W of the
message signal in accordance with the sampling theorem.
f=2w
fe = Bamping frequency and W= bandwidth of message
signal

4.2 TIZATION

The sampled version of the message signal is then quantized,
thereby providing a new representation of the signal that is
discrete in both time and amplitude.

Quantizers can be of a uniferm or non-uniform type.

The uniform guantizer can be characteristise as midtread or
midrise type.

The use of a non-uniform guantizer is equivalent to passing the
baseband signal through a compressor and then applying the
compressed signal to a uniform guantizer.

The non-uniform quantizer requires to apply companding, it is
a joint term use for the combination of a compressor and an
expander.

Pl
:mIA—‘ “';::IM“ H Decader HW}—»MMm

] Receiver
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This line code is also referred to as on-off signaling. A disadvantage of
4.3) ENCODING on-off signaling is the waste of power due to the transmitted DC level.
After the processes of sampling and quantization we have
limited discrete samples in time and amplitude, Binarycsta O 1 1 o 1 @ 0o 1
but not in the form best suited to transmission over a line

or radio path. A —
Further encoding process is required to covert these discrete set of [ |_|
sample values to a more appropriate form of signal suitable for o N
transmission over the channnel _‘| I -
Encoding process ensures transmitted signal more robust to noise, la}
interference, and other channel degradations 4.3.1) (ii) Polar Nonreturn-to-Zero (NRE) Signaling.
Representing these discrete set of values as a particular arrangement of | |n this second line code, symbols 1 and 0 are represented by
discrete events is called a code. One of the discrete events inacode is | transmitting pulses of amplitudes +A and -A, respectively, as illustrated
called a code element or symbaol. For example, the presence or absence | in Figure B This line code is relatively easy to generate and is mare
of & pulse it a symbol power-efficient than its unipolar counterpart.
Suppose that, in a binary code, each code word consists of R bits:Then,
using such & code, we may represent a total of 2¥ distinct numbers,

4,3,1) LINE CODES 0
Itis in a line code that a binary stream of data takes on an electrical

representation. Any one of several line codes can be used for the o
electrical representation of a binary data stream b}

4.3.1) (i) Unipolar Nonreturn-to-Zero [NRZ) Signaling.

In this line code, symbol 1 is represented by transmitting a pulse of
amplitude A for the duration of the symbal, and symbel 0 is
represented by switching off the pulse, as in fig. A

A

4.4) REGENERATION

# The most important feature of any digital system lies in the ability to
control the effects of distortion and noise produced by transmitting
a digital signal through a channel.

# This capability is accomplished by reconstructing the signal by
means of a chain of regenerative repeaters located at sufficiently
close spacing along the transmission route.

= As lllustrated In the block diagram, three basic functions are
performed by a regenerative repeater: equalization, timing , and
decision making.

# The equalizer shapes the received pulses 3o as to compensate for In practice, hawever, the regenerated signal departs from the
the effects of amplitude and phase distortions produced by the ariginal signal for two main reasons:
transmission characteristics of the channel. 1. The unavoidable presence of channel noise and interference

# The timing circuitry provides a periodic pulse train, derived from the causes the repeater to make wrong decisions eccasionally, thereby
received pulses, for sampling the equalized pulses at the instants of introducing bit errors into the regenerated signal.

Distorted - Decision- Regenerated
Amiplifies - _
PCM =3 equaliz 3 making > PCM

Timing
Circuit

time where the signal-to-noise ratio is a maximum. 2. If the spacing between received pulses deviates from it
» The sample so extracted is compared to a predetermined threshold assigned value, a jitter is introduced into the regenerated pulse
in the decision-miaking device. In each bit interval a decision is then position, thereby causing distortion,

made whether the received symbol is 3 1 or a 0 on the basis of
whether the threshold is exceeded or not. If the threshold is
exceeded, a chean new pulse representing symbol 1 is transmitted to
the next repeater. Otherwise, another clean new pulse representing
symbol 0 is transmitted.

# In this way, the accumulation of distortion and noise in a repeater
span is completely rermaoved




4.5) DECODING

The first operation in the receiver is to regenerate (i.e., reshape and
clean up) the recelved pulses one last time. These clean pulses are then
regrouped into code words and decoded (i.e., mapped back) into a
quantized PAM signal. The decading process involves generating a pulse
the amplitede of which is the linear sum of all the pulses in the code
word, with each pulse being weighted by its place value

(2% 222,23, ., 2% in the code, where R is the number of bits per
sample.

4.6) FILTERING

The final operation in the receiver is to recower the message signal
wave by passing the decoder output through a low-pass reconstruction
filter whose cutoff frequency © equal to the message bandwidth W
Assuming that the transmission path is error free, the recovered signal
includes no nolse with the exception of the initial distortion introduced
by the guantization process.

4.8] MULTIPLEXING

= In applications using PCM, It is natural to multiplex different
message sources by time division, whereby each source keeps its
individuality throwghout the journey from the transmitter to the
FECEIvEr.

¥ This individuality accounts for the comparative ease with which
message sources may be dropped or reinserted in a time-division
multiplex system.

7 As the number of independent message sources is increased,
the time interval that may be allotted to each source has to be
reduced, since all of them must be accommodated into a time
equal to the reciprocal of the sampling rate.

¥ This in turn means that the allowable duration of a code word
representing a single sample is reduced. However, pulses tend to
become more difficult to generate and to transmit as their duratis
Is reduced.

#  Furthermaore, if the pulses become too short, impairments in the
transmission medium begin to interfere with the proper operation
of the system,

¥ Accordingly, in practice, it is necessary to restrict the number of
independent message sources that can be included wathin a time-
division group.

10a)

4.3] ENCODING

After the processes of sampling and quantization we have
limited discrete samples in time and amplitude,
but not in the form best suited to transmission over a line
or radio path.
Further encoding process is required to covert these discrete set of
sample values to a more appropriate form of signal suitable for
transmission over the channnel
Encoding process ensures transmitted signal more robust to noise,
interference, and ather channel degradations
Representing these discrete set of values as a particular arrangement of
discrete events is called a code. One of the discrete events in a code is
called a code element or symbel. For example, the presence or absence
of a pulse is a symbol
Suppose that, in a binary code, each code word consists of R bits:Then,
using such a code, we may represent a total of 2* distinct numbers,

4,3,1) LINE CODES

Itis in a line code that a binary stream of data takes on an electrical
representation, Any ane of several line codes can be used for the
electrical representation of a binary data stream

a.3.1 Unipolar Nonreturn-to-Zero [N 5 ling.

In this line code, symbol 1 is represented by transmitting a pulse of
amplitude A for the duration of the symbaol, and symbol 0 is
represented by switching off the pulse, as in fig, A

This line code is also referred to as on-off signaling. A disadvantage of
on-off signaling is the waste of power due to the transmitted DC level.

Binarydata O 1 1 0 1 0 ] 1

| []
—| Ll fal

4.3.1) (i) Polar Nonreturn-to-Zero (MRZ) Signaling.

In this second line code, symbols 1 and 0 are represented by
transmitting pulses of amplitudes +A and -A, respectively, as illustrated
in Figure B This line code is relatively easy to generate and is more
power-efficient than its unipolar counterpart.

A

L

(b}



4.3.1) (iii) Unipolar Return-to-Zero (RZ) Signaling.

In this other line code, symbol 1 is represented by a rectangular
pulse of amplitude A and half-symbaol width, and symbol 0 is
represented by transmitting no pulse, as illustrated in Fig.(c)

4.3.1 Split-Phase (Manchester Code).

In this method of signaling, illustrated in Fig€, symbaol 1 is
represented by a positive pulse of amplitude A followed

by a negative pulse of amplitude -A, with both pulses being
Binarydata 0 1 1 O 1 0 0 1 a half-symbol wide. For symbal 0, the polarities of these
two pulses are reversed

Al p— = — —

Binarydata 0 1 1 0 1 0 0 1

A0

4.3.1) [iv) Bipolar um-t B 5 5 L J L

This line code uses three amplitude levels as indicated in Figld) A e
Specifically, positive and negative pulses of equal amplitude Time —=
fi.e., +A and -A) are used alternately for symbol 1, with each ™

pulse having a half-symbol width. No pulse is always used for This line code is also called alternate mark inversion [AMI)
symbol 0. Advantage of BRZ is that it helps in error detection signaling.

Binary data 0 1 1 /] 1 0 0 1

[n_n
S L [

4.3.1) (vi) DIFFERENTIAL ENCODING

This method is used to encode information in terms of signal
transitions. In particular, a transition is used to designate
symbaol 0 in the incoming binary data stream, while no
transition is used to designate symbol 1, as illustrated in Fig

{a) Original binary data £ 1 1 0 1 0 0 1
(b) Differentially encoded data | l‘IJ' o ¢ 1 1 0 1 1
(c) Waveform
!
Relerance bit 0
Tima —=

The original binary information is recovered simply by comparing the
polarity of adjacent binary symbaols to establish whether or not a
transition has occurred,

Mote that differential encoding reguires the use of a reference bit
before initiating the encoding process.

10 b)



Delta modulation is subject to two types of quantization error: S——
(1) slope overload distortion and (2) granular noise }

1] slope overload distortion

# For fair approximation of analog input into digital output
through staircase sequence via 1 bit quantization, the step
size must be compared with maximum slope in the messahe
signal .

& If we consider the maximum slope of the original input (2) Granular noise

waveform m(t),it is clear that in order for the sequence of In contrast to slope-overload distortion, granular noise
samples {mq (nT,))} to increase as fast as the input occurs when the ste!l-slr.e A is too large relative to the
local slope characteristics of the input waveform mit),

sequence of samples [m(nT, )} in a region of maximurm N )
slope of m(t), we require that the condition % ¥ max | 2
8 | max [2mE) thereby causing the staircase approximation m,(t) to
T, dt hunt around a relatively flat segment of the input
be satisfied. waveform
= If the above condition is not followed, and
dm(t)
T_! & max dr

we find that the step-size A is too small for the staircase approximation
m,(t) to follow a steep segment of the input waveform m(t), with the
result that mg(t) falls behind m(t).
# This condition is called slope overload, and the resulting
guantization error is called slope-overload distortion (noise).

10 c)

6) DELTA M: LATION

» The problem with PCM is congestion, as the number of
quantization level increases, number of bits/ sample
Increases, hence It creates unnecessary load

» In Delta modulation, an analog input is approximated by a

staircase function that moves up and down by one “

Quantization level (4) at each signal interval T, Binary

5o It can be referred as 1 bit quantizer datr 00101111101 000000

> In delta modulation (DM), an incoming message signal is o
oversampled (i.e., at a rate much higher than the Nyguist rate) to »
purposely Increase the correlation between adjacent samples of the |» The difference between the input m(t), and the approximation
signal mg(t), is quantized into only two levels, namely, 1 4,

corresponding to positive and negative differences, respectively.
» Thus, if the approximation falls below the signal at any sampling
epoch, it is increased by A. If, on the other hand, the approximation
lies above the signal, it is diminished by A,
The principal virtue of delta modulation is its simplicity. It may be
generated by applying the sampled version of the incoming
message signal to a digital encoder that involves a comparator,
quantizer, and accumulator interconnected

v




Transmitter
Denoting the input signal as m(t), and its staircase approximation as
mg(t), the basic principle of delta modulation

e LN l

winr) R l I 1
T, T)

B T e I

e(nl,) = m(nT,) — m,(nT, - T,)
eg(nT,) = Asgnle(nT,)|

my(nT,) = my(nT, = T,) + e{nT,)
where T, ks the sampling period;
e(nT,) Is an error signal representing the difference between the present
sample value m(nT, - T,) of the input signal and the latest
appraximation o it, that is, m, (n7,)
e, (nT,) is the quantized version of e(nT) .

The quantizer output e, (nTY) is finally coded to produce the desired
DM signal,

The comparator computes the difference between its two inputs.
The quantizer consists of a hard limiter with an input-output relation
that is a scaled version of the signum function. The quantizer output
is then applied to an accumulator, producing the resuit

my(nT,) = &) sgn(e(T)) = ) sgn(eq(iTs)
= =1
Thus, at the sampling instant nT,,the accumulator increments the
approximation by a step 4 in 3 positive or negative direction,
depending on the algebraic sign of the error signal e(nT)

In the receiver shown in figure the staircase approximation maft) is
reconstructed by passing the sequence of positive and negative pulses,
produced at the decoder output, through an accumulator in a manner
similar to that used in the transmitter,

-

Irout bmhl

The out-of-band quantization noise in the high-frequency staircase
waveform m, (t)is rejected by passing it through a low-pass filter, with
a bandwidth equal to the original message bandwidth.



