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1.9.2. Need for Modulation or Benefits of Moauiation .
\/ ' (Anna, University, Chennai, Semester Exam. 2003-04; 2004-05)

As discussed earlier, the message signal or baseband signal is used to modula?e a h.igh frequfency
carrier signal inside the transmitter. After modulation, the resulting modulated signal is transmitted
with the help of an antenna which is connected at the output side of the transmitter. This moldulated
signal then travels down the channel to reach at the input of the receiver®. ‘i .

Now, one question can arise why we use modulation in communication system or.what will
happen if we transmit message signal or audio signal without modulation. The answer is that the
modulation serves several purpose in communication system as discussed below: /

(i) Practicality of Antenna: We know that in case when free space is used as a transmitting
medium (i.e. channel), messages are transmitted and received with the help of antennas. For efficient -
radiation and reception the transmitting and receiving antennas must have lengths comparable to a
quarter-wavelength of the frequency used. For example, in AM broadcast systems, the maximum
audio frequency transmitted from a radio station is of the order of 5 kHz. If this message audio
signal were to be transmitted without modulation, then the height of the antenna required for an
effective radiation and reception will be 1/4th of the wavelength given as

A c 3x 108 }
=% T 4Af T 4x5x103 =0

Obviously, it will be totally impracticable to construct and install an antenna of such a height.
However, this height of the antenna may be reduced by modulation technique and yet effective
radiation and reception is achieved. In modulation process, low frequency or audio signal at radio
stations are translated to higher frequency spectrum, i.e., radio frequency range. These higher radio
frequencies with the small wavelength act as carrier for the audio frequencies (i.e. modulating signal).
Thus the height of the antenna required is much reduced and becomes practical. '

As an example, if an audio frequency 1s translated to a radio frequency carrier of frequenﬁy
3 MHz, the antenna height required would be '

A ¢ 3x 108

|===77=

T4 Af 4x3x10®
. 1
T = leoz = 0.25 X 100 = 25 metres

This antenna height may be achieved practically. =



(ii) To remove interference: Another reason for not radiating modulating signal itself is that
the frequency range of audio signal is from 20 Hz to 20 kHz. In radio-broadcasting,

there are severa]
radio stations. In case, there is no modulation, all these stations transmit audio or

sound signals in
the range of 20 Hz to 20 kHz. Due to this transmission over same range, the programmes of different
stations will get mixed up. :

Hence, in order to keep the various signals separate, it is necessary to translate or shift them tc
different portions of the electromagnetic spectrum. Thus each station is allocated a band of frequency.
This also overcomes the drawback of poor radiation efficiency at low frequency. .

As an example, in Amplitude Modulation radio-broadcast, the maximum modulating signal
frequency permitted is 5 kHz. Amplitude Modulation requires a bandwidth of 10 kHz for each station
or channel. Therefore, broadcast channels can be placed adjacent to each other, each channel occupying
10 kHz bandwidth. Hence, different stations may be allotted bandwidths say from 790 to 800 kHz,
800 to 810 kHz and so on. In radio receiver, a tuned circuit at the input selects the desired station
and rejects all other stations. '

B Communication Systems B

(iii) Reduction of noise: Noise is the major limitation of any communication. Although noise
can not be eliminated completely, but with the help of several modulation schemes, the effect of
noise can be minimized.
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/' 1.15 ADVANTAGES AND DISADVANTAGES OF DIGITAL COMMUNICATION  (Importy,

—

In this section, we shall discuss the advantages and disadvantages of digital communicatj,
briefly.
Advantages:
Following are the advantages of digital communication:
(1) The digital communication systems are simpler and cheaper compared to analo;
communication systems because of the advances made in the IC technologies.

(i) Indigital communication, the speech, video and other data may be merged and transmitted
over a common channel using multiplexing.

(i) Using data encryption, only permitted receivers may be allowed to detect the transmitted
data. This property is of its most importance in military applications.
(tv) Since the transmission is digital and the channel encoding is used, therefore the noise
“does not accumulate from repeater to repeater in long distance communications.

(v) Since the transmitted signal is digital in nature, therefore a large amount of noise interference
may be tolerated.

(vZ) Since in digital communication, channel coding is used, therefore the errors may be detected
and corrected in the receivers.



(vid) Digital communication is adaptive to other advanced branches of data processing such as
digital signal processing, image processing and data compression, etc.

pisadvantages |
Although digital communication offers, so many advantages as discussed above, it has some
rawbacks also. However, the advantages of digital communication outweight disadvantage.
The disadvantages may be listed as under: -
(i) Due to analog to digital conversion, the data rate becomes high. Therefore more transmission
bandwidth is required for digital communication. _
(if) Digital communication needs synchronization in case of synchronous modulation.
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wsed fort transmission over long distances .




> One olf50dmn’mﬁe of PAM S.’amj}, 3 these are aﬁeded by noise as
Muth as anajoa Sl'Unall.
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PAM stands for pulse amplitude @~

modulation. Itis a modulation
technique in which the amplitude of
the putsed carrier signal is changed
according to the amplitude of the
message signal. The figure given
below represents 3 PAM signal:

| Modulating "
:/\Sign}\/

"
'y
\
s
§
i
L J‘

Pulsed carrier

—




Modulating
signal

!

Pulsed carrier

PAM signal



Rilse IWidth Modulatoon (PAM) s ——

- ! »
V7 ¥ P —

R T Ira? A \ .

I U — VAL RS2 L

Tn PWV 5 the Ididth ‘OE the Fuised Cazvie
s per the instantzneous. Value of the Tessagz

Sianaj) .
t arplitude.

. —> PAM s less QWJcecP by roise dug to B3 C:v?sz'f ompruce.
1 4 (omDareg
Tt 15 also easien. tp remove MOiSE Lsom the 5’3_-3( pareg

- o PAaM.
—> In PAM ,the instaontaneows Powen of the tvansmitiest Vasizs
duo 1o Vaxicdons N the Widths oy the  pulses .

4 L I | e
- f f/‘.s,—p»'“,_—_y'p
Signal] (Togulcmg

~



Meduleding =g /ﬂ Modulaked Puse Sigd
C o paNoxio ‘ _
[cKkt clia "}'a,rﬂ o4 ﬂepnercc\.ém o H’\“.\f]j
= A pulse width Medwa g S?aﬂaJ 2 aena’a:teof u,g’\r)a» a Compﬁlraim”.
“Me modulating =f Nna) {ovmMSs “one Pattft of the %n‘)uct to WCDMPHTQJE
While the non—siqg;\oidaf wave_ or Sawtooth wave forms the ethes P

of the trput . The CamPama‘cor\ Compares w0 Siﬁnm and aenemﬂs a

PiaM Sighal as s outpUl wovefosm .

s the Setwtoo“th Signal 18 Mo¥e. thanthe. modcdaﬁﬂﬁ Qfana/bfheﬂ The
Gu)UMTGl a) sinUa tyian?state + e valug of MW
determines B Comparaty OﬂMt whiclh defines Hie i & e
Pulse @enem‘tw? at oxt*]) :

—> (he PV s V@na Similan 1o ‘FV‘QCLLLDDLa Modulation (F™M) .
™ FM freq. OB the Cannien vawies ¥ as Pen the TY)oduJa':lif)a Sgﬂna.l.

\wﬁ =T |
Similaly i PV the P Duration (Time Reviod/Time Daration)
Vaw1é). R |




Modulating
signal

w

Pulsed carrier

PWM signal



= . g - —— ¥
~ - S il S 7 yg— A E 0y -
A o [ AT — —
i A ol

-

-

— = »: * § wn 3 3 -
& . £ v -~ ™ s W 8. -~ — —- £ » '-—""T. y mg ~— SwilssS -
= [ & (3 O P ™} o i} =300, (& SO T Rl ‘:‘_:—\‘r PUiSE 4 o= -
g # & g z
-

- - —
P wE 2 _— - B £ 3 = el | ) }ce b ‘ IS
Thergiest e TransoisSicf) Dopler £F calh Dse U U,



NNWWA

SO&AO\OO'\}\ p\]a\/—@—ﬁ PIAM
! OuﬂP{,L
Medy)ating
kj C{@n% -
Ja PLOM Outtpuu*
Mono-  |4— genegate pulse of
Glablack ox csaon
> PPM ow\yui
) | cxa o\ia%\ram of c(tj}g,méi‘;aﬁm of ’PPY\]

@ynd’)roniza’fion b/ t¥ansmitter & Kewivon _ Rk
Tn PPM , Synchysonization  o/w) tsansmittes & recoives 15 vequired.

Similasity Wit Phase Moduladon (PM) —
I Chanae i Phase __Sh;b,ﬁna, % the. 5,‘@{\4 Posittvn onthe Hime oxis .
| Like PM,in PPM toothe Positien o the pulse (s vaied onthe me
| ate iy o e, it S

PIAM &PPM Demoduation 5— B

T qemad et P o P il 3 it

Nequited to be convercted into & PAM S'lanaj ,then on PQSQ;:Q‘ is
PAM siancd %hmuah the. Low Pass Filten(LPF), we an a ot e

message -Sianou\ 0 the | %.

PAM | > fj—roqﬁ)ui‘_ | |

i




Pomen \
PW;?/ Splitten
PM 7
Palse
Genevator Owswt




Modulating

1 signal -
l‘/\‘.[/\./

i >
|
1

¢
i
/
$
i
1 -
|
1 ] [ ]
' [ [
] ' ]
I ] 1
] I

‘ - PVYWM signal

| PPM signal




.w P@ﬁbozrmanco, Com[)amscn of Rulse
%Lbomnm l D .
O PAM [ PPM

" Wavefosmy = £ 4 \

) NK_LI Ay H I } 'n fﬂ ”'” ) N
iy 1Lma~ S qu terve
AoKing ﬁ'nP"*ude j ‘waﬂh ) fe 5. | Felaie Psitan o,

) s Toportio ampli P(,qse & properiivn
Hrndple P
e o{- nr\odulcdmg 58’*” of eneduding Signal- |to_amp. D{'MOdu.lcdma
éax\a)wwl-th PW g d epenclin | ew depends on Tise | E;w depends, on mse
oNn V\J:ah‘hob- qug ‘hlrm;ob- Pu.l,se- time. oY Pu)se.
Transmir Vagies w.ict Vames w.m.t Constant
Fower | tome Mo
Nofse ( Min
ntesfernne] T | e
Tt is Similerto | Tt i Similax 10 | Tt & Similanty
AM in Ana)oa FM in_ fmcdoa PM N Anal
Modulakivn - Pigeutenan. Medulaiton. |




13.6. Drawbacks of Pulse-Amplitude Modulated (PAM) Signal

Following are the drawbacks of a PAM signal : '
(i) The bandwidth required for the transmission of a PAM signal is very lap
to the maximum frequency present in the modulating signal.

(i7) Since the amplitude of the PAM pulses varies in accordance with the
therefore the interference of noise is maximum in a PAM signal, This
removed easily. : :

17) Since the amplitude of the PAM signal varies, therefore, this also va

required by the transmitter with modulating signal.
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0 U :;_’lz’antages of PWM
¥ i .

(u,) Signa?qP[SM’ noise is less, since 1n PWM, a
i and noise separation 1s very €asy, as S

ii.) PW
M c
omm : . S
unication does not require synchron

mplitude 18 held constant.

hown in figure 9.32 (b).

jzation between transmitter and recelve:



xS
.14.6. Disadvantages of PWM
(i) In PWM, pulses are varying in wid
requires that the transmitter must

maximum pulse width.
(i) Large bandwidth is required for the P

th and therefore their power contents are vériable_
be able to handle the power contents of the pulse hg

WM communication as compared to PAM.




14.10. Advantages of PPM o
() Like PWM, in PPM, amplitude is held constant thus less noise interference.
(1) Like PPM, signal and noise separation 1s very easy. o |
(21 Because of constant pulse widths and amplitudes, transmission power for each DUlsei
same.

-14.11. Disadvantages of PPM

() Synchronization between transmitter and receiver is required.
(1) Large bandwidth is required as compared to PAM.
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10.27 DELTA MODULATION (Calicut University, Kerala, Sem. Exam., 2006-07)
/”_——_—\H__

(i) Reason to use Delta Modulation

We }}ave f)bserved in PCM that it transmits all the bits which are used to code a sample.
Hence, signaling rate and transmission channel bandwidth are quite large in PCM. To overcome
this problem, Delta Modulation is used.

(if) Working Principle

Delta modulation transmits only one bit per sample. Here, the present sample value is compared
with the previous sample value and this result whether the amplitude is increased or decreased
is transmitted. Input signal x(¢) is approximated to step signal by the delta modulator. This step
size is kept fixed. The difference between the input signal x(¢) and staircase approximated signal
is confined to two levels, i.e., + A and — A. Now, if the difference is positive, then approximated
signal is increased by one step, i.e., ‘A’. If the difference is negative, then approximated signl s

reduced by ‘A’.
When the step is reduced, ‘0’ is transmitted and if the step is increased, ‘1’ is transmitted.

Hence, for each sample, only one binary bit is transmitted. Figure 10.23 shows the analog signal
1(t) and its staircase approximated signal by the delta modulator.

(iii) Mathematical Expressions |
Thus, The principle of delta modulation can be explained with the help of few equations as

under: _
The error between the sampled value of x(f) and last approximated sample is given as,

e(nT) = x(nT,) - x(nT}) ...(10.45)
e(nT,) = error at present sample

x(nT,) = sampled signal of x(¢) .
x(nT,) = last sample approximatiqn of the staircase waveform.

where
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Fig. 10.23 Deitq modulation waveform.

If we assume u(nTy) as the present sample approximation of staircase output,
then, ul(n - 1)Ts] = i(nTs) ...(10.46) gt ";-‘;DD: YDUKNOW"
= last samp] imation - : Bl e R A
et ' p ‘e appx;ommatlon‘ of staircase waveform Delta modulation transmitg only
et us define a quantity b(nT.) in such a way that, . one bit per sample indicating
b(nT)) = A sgn [e(nT))] ...(10.47) whether the signal level is

This means that depending on the sign of error e(nT),  Increacing or decreasing, but it
the sign of step size A is decided. In other words, we can write  needsa higher sampling rate than

/b(n’.lr") & {+A if x(nT,) 2 2(nT,) i PCM for equivalent results.
_ § —A if x(nTy) < £(nT,) -
Also, If b(nT) =+ Athen a binary ‘1’ is transmitted
and if b(nT) = - Athen a binary ‘0’ is transmitted.
Here, T, = Sampling interval, 1

(iv) Transmitter,Part E
Figure 10.24 (a) shows the transmitter (i.e., generation of Delta Modulated signal).

The summer in the accumulator adds quantizer output (+ A) with the previous sample
approximation. This gives present sample approximation. i.e., - '

i u(nTs) = u(nTs =T)+[+A] . 7
or u(nT) = ul(n-1) 7]+ b(nT,) _ , ...(10.49)
The previous sample approximation u[(n — 1) T(] is restored by delaying one sample period

T,. The sampled input signal x(nT,) and staircase approximated signal £(n7,) are subtracted to
get error signal e(nT,).

Thus, depending on the sign of e(nT,), one bit quan.ti.ze.r generates an outp‘u’t-of +Aor Ttﬁ;dlf
the step size is + A, then binary ‘1’ is transmitted and if it is — A, then binary ‘0’ is transmitted.

(v) Receiver Part |
At the receiver end, shown in figure 10.24(b), the accumulator and low-pasg filter (I_:iPIf‘) :;g
used. The accumulator generates the staircase approximated signal output and is delayed by
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od T It is then added to the input signal. If input is binary ‘1’ then it adds + A step

. erl . . . . .
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ihe delz‘};l s low-pass filter smoothens the staircase signal to reconstruct orignal message signal
- x(t)
in x(
()
Sampled Error
input 4 5 e(nT,) | One ‘pit : b(nTs)#; Output
—_x(nTs) C“)_ quantizer
x(nT,)
l ul(n-1)T] v+— -;
: : =@ Summer
I + I
1 "
! Delay !
] 5 u(nT)) |
Accumulator
(@)
Accumulator
s L T T L , . Output
Input : ;Ti\ > : ﬁll‘ow p;ss» — (demodulated
1 + ! ter (LPF) signal)
[
; .
: [
: [
I Delay *| I
I Ts 5 l
== |
(b

Fig. 10.24 (a) A Delta modulation transmitter (b) A Delta modulation receiver

10.27.1. Advantages of Delta Modulation : Salient Features of Delta Modulation -

The delta modulation has certain advantages over PCM as under: -

(i) Since, the delta modulation transmits only one bit for one sample, therefore the,sigr\léling
rate and transmission channel bandwidth is quite small for delta modulation compared
to PCM. S .

(i) The transmitter and receiver implementation is very much simple for delta modulation.
There is no analog to digital converter required in delta modulation.

1027.2. Drawbacks of Delta Modulation (Very Important)

The delta modulation has two major drawbacks as under:
() Slope overload distortion,

(i) Granular or idle noise

Now, Jet us discuss these two drawbacks in detail.

Slope Overload Distortion

This gj : . :
18 distortion ariges because of large dynamic range of the input signal.

AS . . - -
Stairca:an.be observed from figure 10.25, the rate of rise of input signal x(¢) 1s so 1}1gh tha‘t the
] € signal cannot approximate it, the step size ‘A’ becomes too small for staircase signal

(i)



u(t) to follow the step segment of x(¢). Hence, there is a large error between the staircase app.I‘OXim?,ted
signal and the original input signal x(¢). This error or noise is known as s}ope OVGI-‘IOB..d dleiOI‘thIl.
To reduce this error, the step size must be increased when slope of signal x(?) is high. Since the
step size of delta modulator remains fixed, its maximum or minimum slopes occur along straight
lines. Therefore, this modulator is also known as Linear Delta Modulator (LDM).

Granular noise

(ii) Granular or Idle Noise Slope-overload
Granular or Idle noise occurs when distortion

the step size is too large compared to

small variations in the input signal. This

means that for very small variations

in the input signal, the staircase signal

1s changed by large amount (A) because Staircase

of large step size. Figure 10.25 shows approximation

that when the input signal is almost u(t)

flat, the staircase signal u(t) keeps on Fig. 10.25 Quantization errors in delta modulation.

oscillating by + A around the signal. The ‘

error between the input and approximated signal is called granular noise. The solution to this

problem is to make step size small.

x(f)




1031 DIFFERENTIAL PULSE CODE MODULATION (DPCu)

DPCM (GTU, Gujrat, Sem. Lxam., 2005-2006)
(i) Reason to use

1t may b‘e observed tha? the samples of a signal are highly correlated with each other. This is

due to the fact that any signal does not change fast. This means that its value from present
.- n /

sample to next sample does not differ by larpe amount. The adjacent samples of the signal carry

the same information with a little difference. When these samples are encoded by a standard

PCM system, the resulting encoded signal contains some redundant information. Figure 10.32
llustrates this redundant information.

(i) Redundant Information in PCM

Figure 10.32 shows a continuous time signal x(¢) by dotted line, This signal is sampled by flat



x(1)

line at intervals T, 2T,
i e ° N bits (levels)

3T,...nT,. The sampling frequency "

is selected to be higher than nyquist 7(111)- = =& (1)

rate. The samples are encoded by =

using 3 bit (7 levels) PCM. The g(110)- ~ ez om~aq o S 2

sample is quantized to the nearest S’ W g8

digital level as shown by small circles 5(101) 5 e K aka §

in the figure 10.32. The encoded 2, YL .-
binary value of each sample is 4(100) L i
written on the top of the samples. .

We can observe from figure 10.32 3(011)7 g -

that the samples taken at 4T, 5T 2(010)- L

and 67 are encoded to same value /

of (110). This information can be 1(001)- !

carried only by one sample. But three

samples are carrying the same >
information means that it is 0(000) T, 2T, 3T, 4T, 57, 6T, 71, 8T, 9T, 107, x(nT,)

redundant. Consider another . Fig. 10.32 lllustration of redundant information in PCM.

example of samples taken at 9T,  Sampled

and 10 7'.. The difference between input 4, e(nTy - e(nT))
s . _____.®_—> Quantizer »| Encoder > DPCM
these samples only due to last bit — x(nT) . : signal

and first two bits are redundant, x(nT,)

since they do not change.

If this redundancy is reduced,
then overall bit rate will decrease
and number of bits required to ' Predistion
transmit one sample will also be filter | 'x (nT,)
reduced. This type of digital pulse
modulation scheme is known as
Differential Pulse Code Modulation (DPCM).

(iii) Working Principle

In fact the differential pulse code modulation works on the principle of prediction. The value
of the present sample is predicted from the past samples. The prediction may not be exact but it
is very close to the actual sample vlaue. Figure 10.33 shows the transmitter of Differential Pulse
Code Modulation (DPCM) system. The sampled signal is denoted by x(n7,) and the predicted
signal is denoted by #(nT}). The comparator finds out the difference between the actual sample
value x(nT,) and predicated sample value x(nT,). This is known as Prediction error and it is
denoted by e(nT,). It can be defined as,

e(nT) = x(nTy) — x(nT}) ...(10.50)
Thus, error is the difference between unquantized input sample x(nT,) and prediction of it

x(nT,). The predicted value is produced by using a prediction filter. The quantizer output signal

gap e, (nTy) and previous prediction is added and given as input to the prediction filter. This
signal is called x_(nT,). This makes the prediction more and more close to the actual sampled
signal. We can observe that the quantized error signal eq(nTs) is very small and can be enco E
by using small number of bits. Thus number of bits per sample are reduced in DPCM.

Fig. 10.33 A Differential pulse code modulation transmitter.



er output can be written as,
eq(nTs) =e(nT,) +q(nT) ...(10.51)
(nT)) 1s the quantization error. As shown in figure (10.33), the prediction filter input

The quanti?

Here, q
¢ (0T is obtained by sum x(nT,) and quantizer output i.e.,
q ~
x,(nT) = 2(nT,) +e,(nT) ..(10.52)
gubstituting the value of e q(nTs) from equation (10.51) in the above equation, we get,
x,(nT) = £(nT,) +e(nT) +q(nT) ..(10.53)

Equation (10.50) is written as,
e(nT,) = x(nTy) — x(nT)

e(nT) + x(nTy) = x(nTy) ...(10.54)
Therefore, the value of e(nT,) + x(nTy) from above equation into equation (10.53), we get,
xq(nTs) =x(nT,) + q(nT)) ...(10.55)

w. Important Point: Hence, the quantized version of the signal xq(nTé) is the sum of original
sample value and quantization error q(nT,). The quantization error can be positive or negative.
Thus equation (10.55) does not depend on the prediction filter characteristics. hie ]

(iv) Reception of DPCM Signal : Reconstruction of DPCM Signal

Figure 10.34 shows the block diagram of DPCM receiver.
The decoder first reconstructs the quantized error signal from incoming binary signal. The

prediction filter output and quantized : - £
error sigals are summed up to give - DPCM —* “Decoder Z - Output
~ the quantized version of the orginal input d
signal, Thus the signal at the receiver Prodiction
differs from actual signal by filter [
quantization error g(nT,), which is ) - -
Fig. 10.34 DPCM receiver

introduced permanently in the
reconstructed signal.



System complex.

Table 10.1 Comparison between PCM, Delta Modulation, Adaptive Delta Modulation and
Differential Pulse Code Modulation
S. NUQN.QSQ.Q. muRNmm. Code Delta modulation Adaptive Delta | Differential Pulse Code 4
No. of comparison Modulation (PCM) (DM) : Modulation (ADM) ~ Modulation (DPCM)
il ﬁ Number of bits. It can use 4, 8 or 16 bits| It uses only one bit wow oﬁm,, Only one bit is used to | Bits can be more than one
per sample. sample. encode one sample. | but are less than PCM.
2 . - . _ : BT
< | Levels and step size | The number of levels de-| Step size is kept bxmm 8&.,., According to the signal | Here, Fixed number of
pend on number of bits.| cannot be <m5mm variation, step size varies | levels are used.
Level size is kept fixed. (i.e. Adapted).
3. | Quantization error| Quantization error de-| Slope overload distortion Quantization noise is | Slope overload distor-tion
and distortion pends on number of levels| and granular noise mwm present but other errors | and quantization noise is
used. present. are absent. present.
4. | Transmission Highest bandwidth is re-| Lowest Um:ﬁ?ﬁ&? 1s H.m,m Lowest bandwidth is re- | Bandwidth required is
bandwidth quired since number of| quired. quired. lower than PCM.
bits are high
| 5. Wmm@mmow There is no feedback in| Feedback exists in Smbm- Feedback exists. Here, Feedback exists.
_ transmitter or receiver. mitter.
|
M ! . :
| 6. | Complexity of im- Simple. Simple. Simple
|
|

plementation
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11.2 MULTIPLEXING*

Multiplexing may be defined as a technique wm
8

many users to share a common communication channg
fsimultaneously. There are two major types of multiplexiy,
techniques. They are as under: 5
(i) Frequency division multiplexing (FDM),
(ii) Time division multiplexing (TDM).

11.2.1.Frequency Division Multiplexing (FDM)

(i) Definition |

This technique permits a fixed frequency band to every
user in the complete channel bandwidth. Such frequency
slot is allotted continuously to that user. As an example
consider that the channel bandwidth is 1 MHz. Let there
be ten users, each requiring upto 100 kHz bandwidth. Then
the complete channel bandwidth of 1 MHz can be divided
into ten frequency bands, i.e. each of 100 kHz and every
user can be allotted one independent frequency band. This
technique is known as Frequency Division Multiplexing
(FDM).



(i) Main Applicati;? Are;i1 o 1
1) . . i ) .

£ 1S mainly used lor mocu ated signal. This is due to

fatctl :hat a modulated signal can be placed in any frequency DO YOU KNOW?

thed py just changing the carrier frequency. However, at  The number of simultaneous

?ﬁ:receiver, these frequency multiplexed signals can be  copversations that can be
epa cated by the use of tuned circuits (i.e., bandpass filters)  {;ansmitted using FDM depends

;ftheir respective frequency band. And for every band, there

Al on the total bandwidth available
e independent tuned circuits and demodulators. )

which in turn, varies with the
11.2.2.Time Division Multiplexing (TDM) medium.

(i) Definition -

As discussed earlier, in PAM, PPM and PDM, the pulse is present for a short duration and for most
of the time between the two pulses, no signal is present. This free space between the pulses can be
occupied by pulses from other channels. This is known as Time Division Multiplexing (TDM). Thus, time
division multiplexing (TDM) makes maximum utilization of the transmission channel.

(ii) Comparision with FMM

Hence, we can say that in FDM, all the signals are transmitted simultaneously over the
same communication medium, and the signals occupy frequency slots. However, in TDM, the
signals to be multiplexed are transmitted sequentially one after the other. Each signal occupies
a short time slot as shown in figure 11.1. Thus, the signals are isolated from each other in the
time domain, but all of them occupy the same slot in the frequency spectrum. Therefore, in TDM,
the complete bandwidth of the communication channel is available to each signal being
transmitted. :

(iti) Conceptual Diagram
Figure 11.1 explains the concept of TDM.

Message 1|Message 2|Message 3|Message 4| Message 1| Message 2 J--------------

One frame - : Time

Fig. 11.1 Illustration of TDM concept

(iv) Concep of Frame in TDM
At this stage, it may be noted that in context of TDM, we define one important term i.e.,
trgile. Qn? frame corresponds to the time peripd required to transmit all the signals once on the
Sign:imtsswn chann.el_ This has been shown in figure 11.1. Her?, we h:ave tota.l four message
all 1 eS f0 be transmitted. Hence, one frame will correspond to the time period requl_red to transmit
igita] our signals once on the channel. The TDM.S}.fsten} can be uged to multiplex analog or
signals, however it is more suitable for the digital signal multiplexing.



14.2 pIGITAL MODULATION FORMATS

pen We have to tljansmit a digital signal over a long dist
Julation. FFor this purpose, tl?(a transmission medium ¢
o ofchann_c]: AISO', a carrier signal having some frequency f, is used for modulation. Then the
modu]ﬂting d1g1t:11‘ signal modulate§ some parameter like frequency, phase or amplitude of the
carrier Due to this Pprocess, there is some deviation in carrier frequency f.. This deviation is
known as the bandwylth of the channel. This means that the channel has to transmit some range
or band of frequencies, S-uch type of transmission is known as bandpass transmission and the
Communication channel is known as bandpass channel.

Here, the word bandpass

ance, we need continuous-wave (CW)

o an be in form of radio, cable or other

is used since the range of frequencies does not start from zero Hz
to f,, Hz- In fact, tbe range of frequencies from zero Hz to f,, Hz is known as low-pass signal
and such channel 1s known as low-pass channel.

Now, when it is required to transmit digital signals on a bandpass channel, the amplitude,
frequency or phase of the sinusoidal carrier is varied in accordance with the incoming digital
data. Since the digital data is in discrete steps, the modulation of the bandpass sinusoidal
carrier is also done in discrete steps. Due to this reason, this type of modulation (i.e., Digital
modulation) is also known as switching or signaling. Now, if an amplitude of the carrier is
switched depending on the input digital signal, then it is called Amplitude shift keying (ASK).

This process 1s quite similar to analog amplitude modulation. If the frequency of the sinusoidal
carrier is switched depending upon the input digital signal, then it is known as the frequency
shift keying (FSK). This is very much similar to the analog frequency modulation. If the phase
of the carrier is switched depending upon the input digital signal, then it is called phase shift
keying (PSK). This is similar to phase modulation. Since the phase and frequency modulation
has constant amplitude envelope, therefore FSK and PSK also has a constant amplitude envelope.
Because of constant amplitude of FSK and PSK, the effect of non-linearities, noise interference

is minimum on signal detection. However, these effects are more pronounced on ASK. Therefore,
FSK and PSK are preferred over ASK.

Figure 14.1 shows the waveforms for amplitude-shift keying, phase-shift keying and frequency
shift keying. In these waveforms, a single feature of the carrier (i.e., amplitude, phase or frequency)
undergoes modulation.

VAAAE AR AR
J,,_.E\uﬂuﬂuﬂu U UV

VLA AR DALY, o
AROAA AR RY

. ATITAWAWATITIIo
\UCE\U[\U{\U{\U(\U TIVAVAAVA'A!

Fig. 14.1 The three. basic forms of signaling bin’ary information,
(a) Amplitude-shift keying, (b) Phase.-shtft keying,
(c) Frequency shift keying with continuous phase
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In digital modulation®, Wstead of transmitting ono bit at n time, wo Lransmit. two op Moy
bits simultancously. This is known as M-ary transmisnion, This type of bransmission ronulyy g,
reduced channel bandwidth, However, somotimes, we use bwo quadrature earviors for modualagigy,
This process is known as Quadrature modulation. '

Thus, we sce that thore are a numbor of modulation schemos available to the dosigney of n
digital communication system required for data transmission over a bandpass channel,

Every scheme offors system trade-ofts of its own, Howevor, tho final choico made by the designer ig
determined by the way in which the available primary communicalion resources such as transmitieg
power and channel bandwidth are best exploited. Tn particular, the choice is made in favour of a gchemg
which possesses as many of the following design characteristics as possible:

(1) Maximum data rate,

(11) Minimum probability of symbol error,

(7i7) Minimum transmitted power,

(fv) Maximum channel bandwidth, ‘

(v) Maximum resistance to interfering signals,

- (vi) Minimum circuit complexity.

14.3 TYPES OF DIGITAL MODULATION TECHNIQUES

(GGSIPU Delhi, Sem. Examination, 2003-2004)

Basically, digital modulation techniques may be classified into coherent or non-coherent techniques,
depending on whether the receiver is equipped with a phase-recovery circuit or not, The phase-
recovery circuit ensures that the oscillator supplying the locally generated carrier wave receiver
is synchronized* to the oscillator supplying the carrier wave used to originally modulate the
incoming data stream in the transmitter.

(i) Coherent Digital Modulation Techniques .
Coherent digital modulation techniques are those techniques ' DOYOU KNOW?: - .
which employ coherent detection. In coherent detection, the local ' s s ey
carrier generated at the receiver is phase locked with the carrier
at the transmitter.-Thus; the detection is done by correlating A :
received noisy signal and locally generated carrier. The coherent ~ Variations, just as does analog
“detection 1s a synchronous detection. , transmission.

-uct

Digital transmission uses
frequency, phase, and amplitude

(ii) Non-coherent Digital Modulation Techniques

Non-coherent digital modulation techniques are those techniques in which the detection
process does not need receiver carrier to be phase locked with transmitter carrier. The advantage
of such type of system is that the system becomes simple. But the drawback of such a system is
that the error probability increases. In fact, the different digital modulation techniques are
used for various specific application areas.

s e s X
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14.5 COHERENT BINARY AMPLITUDE SHIFT KEYING OR ON-OFF KEYING
——

. efinition . .
@ ‘Amplitude shift keying (ASK) or ON-OFF keying (OOK) is the simplest digital modulation

technique"In this method, there is only one unit energy carrier and it is switched on or off
Jepending upon the input binary sequence.

ExpreSSion and Waveforms
The ASK waveform may be represented as,

e 8(t) = \[2P, cos (2nf.t) (To transmit ‘1) .(14.1)
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Fig. 14.2 Amplitude-shift keying waveforms, (a) Unmodulated carrier,
(b) NRZ Unipolar bit sequence, (c) ASK waveform.

To transmit symbol ‘0’, the signal s(¢) = 0 i.e., no signal is transmitted. Signal s(¢) contains

some complete cycles of carrier frequency Yo
Hence, the ASK waveform looks like an ON-OFF of the signal. Therefore, it is also known

as the ON-OFF keying (OOK). Figure 14.2 shows the ASK waveform.

14.5.1. Signal Space Diagram of ASK
The ASK waveform of equation (14.1) for symbol ‘1’ can be represented as,

st = 1/PSVTI, -/ 2/T}, cos (27 fot) = JPTp6,(2)

This means that there is only one carrier function ¢,(). The signal space diagram will have
; (2). One will be at zero and other will be at ‘/PsTb . Figure 14.3 shows this

...(14.2)

tWo points on ¢

pect,
Symbol '0' Symbol '1' N
0 { 6,(0)
- BT,
Fig. 14.3 Signal space diagram of ASK.
Thus’ the distance between the two signal points is, s

d= Pssz\/—E_b- )



14.5.2. Generation of ASK Signal
(i) Description and Working Operation . : .

ASK signal may be generated by simply applying the incoming binary data (representeq i,
- cinusoidalcarrier to the two inputs of & product modulator (i.c., balanceq

unipolar form) and the sinusoi gl et
modulator). The resulting output will be't_l_u_a ASK waveform. This is shown In hgure 144, Modulati()n

causes a shift\qf’fhfé*baseb’an’d"sig&héilfspectrum.~

B

@’VPower Spectral Density (psd)
_—{he ASK signal, which is basically t
has a power spectral density (PSD) same
frequency domain by # f,. This is shown in
at+f,. )
(iii) Bandwidth of BASK .
The spectrum of the ASK signal shows that it has an infinite bandwidth. However for prac.
tical purpose, the bandwidth is often defined as the bandwidth of an ideal bandpass filter centereq
at f, whose output contains about 95% of the total average power contenF of th.e ASK signal. It
may be proved that according to this criterion the bandwidth of the ASK S}gnal 1s approximately
3/T, Hz. The bandwidth of the ASK signal can however, be reduced by using smoothed versions
of the pulse waveform instead of rectangular pulse waveforms.

he product of the binary sequence and the carrier Signali
as that of the baseband on-off signal but shifted iy the;
figure 14.5. It may be noted that two impulses oceuy

1 1 1 -
[ ~—— ASK Band Pass Band limited ASK
] 0 0 Signal | filter (BPD)
- T,
NRZ unipolar o B
digital signal T Carrier signal

Fig. 14.4 Generation of binary ASK waveform

Power spectral density (PSD)

[ - \

£-L A ey 1 ~ — > frequency f
c Tb fc"ﬁ fc fc+Tb (\{ )

Fig. 14.5 Power spectral density of ASK signal.

14.5.3.BASK Reception : Coherent Detection or Demodulation of Binary ASK Signal
(i) Working Operation e ——

The dgmodulation of binary ASK waveform can be achieved with the help of coherent detectf’;
as shown.n? figure 14.6. It consists of a product modulator which is followed by an integra®?
and a decision-making device. The incoming ASK signal is applied to one input of the pro
.modulator. The other input of the product modulator is supplied with a sinusoidal carrier W2°
is generated with the help of a local oscillator. The output of the product modulator gOGSt

i

duct
. h



egrator. The integrator operates on the output of the multiplier for §uccesswe
d essentially performs a low-pass filtering action. The output of the integrator
t of a decision-making device.*

ot of the int
1f_‘pinterval§ -
bit o the inpu
0

es b
Incoming Binary demodulated Symbol, 1 ;
ASK waveform T, A output if thr(:lslzlol
e
J.dt »  Decision W CELES ’
0 Device Symbol 0,
therwise
cos (2rf 1) / T &)
Threshold

Fig. 14.6 Coherent detection of binary ASK signals.

Now, the decision-making device compares the output of the integrator with a pres?t thresholdé
1t makes a decision in favour of symbol 1 when the threshold is excee?ded and.ln faVOlldI' 0

symbol 0 otherwise. The coherent detection makes the use of linear operation. In this metho Vl\]’e
have assumed that the local carrier 1s in perfect synchronisation with the carriers used 1n the

sransmitter. This means that the frequency and phase of the locally generated carrier is same
2s those of the carriers used in the transmitter. -
DO YOU KNOW?

Straight forward amplitude-shift
keying (ASK) is rare 1n digital
(i) Phase synchronisation which ensures that carrier wave communication unless we count
generated locally in the receiver is locked in phase Morse (.:ode, but quadrature AM
with respect to one that is employed in the transmit- (QAM) is very common.
ter.
(ii) Timing synchronisation which enable proper timing of the decision making operation in
the receiver with respect to switching instants (switching between 1 and 0) in the original
binary data.

14.5.4.Salient Feature of BASK
The advantage of using BASK is its simplicity. It is easy to generate and detect.
14.5.5. Drawback

BUt the drawback of BASK is that it is very sensitive to noise, therefore, it finds limited
application in data transmission. It is used at very low bit rates, upto 100 bits per sec.

(ii) Synchronization Requirement

The following two forms of synchronisation are required
for the operation of coherent (or synchronous detector):

14.5.6.Bit Error Rate (BER) or Probability of Error

iAS amatter of fact, bit error rate (BER) or probability of error is a very important parameter
, ;Da;ameter is used to judge the performance of a digital communication system. It is represented
e £e Mmust be as small as possible.
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14.7 COHERENT BINARY FREQUENCY SHIFT KEYING (BFSK)

S—— —

(JNTU, Hyderabad, Sem. Exam; 2005-0¢)

In binary frequency shift keying (BFSK), the frequency of a sinuso.i(lul carrier is .s‘hil.'Lv(:(I according
to the binary symbol. In other words, the frequency of a sinusoidal carrier is shifted betweoen
two discrete values. However, the phase of the carrier 1s unaffected. This means that we haye
two different frequency signals according to binary symbols. Let there be a frequency shift hy
Q. Then we can write following equations.

If b(t) = ‘1’, thensyl(t) = J2P; cos (2mf, +Q2) ¢ ..(14.25)
If b(t) = ‘0", thens;(f) = J2P, cos (2m f, =) ¢ . (14,26)

Hence, there is increase or decrease in frequency by Q. Let us use the following conversion
table to combine above two FSK equations:

Table 14.2. Conversion table for BPSK representation

b(t) Input d(t) Pylt) P, (1)
1 + 1V + 1V ov
0 -1V ov + 1V

The equations (14.25) and (14.26) combinely may be written as
s(f) = /2P, cos[(2n f, +d (£)Q) t] ..(14.27)

Hence, if symbol ‘1’is to be transmitted, the carrier frequency will be £, + (22] and is represented
T

by fy. If symbol ‘0’ is to be transmitted, then the carrier frequency will be s —(—?—) and is
T

represented by f;.
Therefore, we have

Q .
Thus, fu = fe +E for symbol ‘1’ ...(14.28)
'y
f; = fc—g'- ~ for symbol ‘0’ ..(14.29)
14.7.1. Generation of BFSK (MDU, Rohtak, Sem. Exam; 2005-06) (10 marks)

I_t may be observed fl‘O.m Table,ﬁl_{él.l that Py (#) is same as b(¢) and also P, (f) is inverted
version of b(t). The block diagramfor BFSK generation is shown in figure 14.14.

¢1(t) = 712T COS(2T[th)

P S b
”(tl A Level \/R%PH("');é

shifter
b(t)
Lo o + BFSK
sequence o
+ s(t)
[ | An PL(t)_ ALevel | VET, B (D)
Inverter shifter g

do(2) = ——%cos(.?nf,}t)



we know that input sequence b(f) is same as Py(7). An inverter is added after b(1) to get

. gy Ve ) « £ E v - . ‘- : -
) The Jevel shifter Py(t) and P; (1) are unipolar signals. The level shifter converts the “+1°
11‘:(‘ .

1 to \[]T]: Zero level is unaffected. Thus, the output of the level shifters will be either
eVt )

,ﬁ]/'- (if +17) or zero (if input is zero). In other words, when a binary ‘0’ is to be transmitted,
1‘) \‘1\ _1and Py = 0 and for a binary ‘1’ to be transmitted, Py({) = 1 and P, (t) = 0. Hence, the
l.{in:nli”"d signal will have a frequency of either f; or f; . Further, there are product modulators
i . R B = - A e

ﬁ'tt‘l' Jevel shifter. The .t“ 0 CE.llllel signals ¢1(z‘) and (pz(f) are used. (Dl(t) and ¢, (1) are orthogonal
, each other In one bit period of input signal (i.e., T}), ¢, (t) or ¢o(?) have integral number of
\'(‘1(“5.

Thus, the modulated signal is having continuous phase. Figure 14.15 shows such type of

FSK signal. The adder then adds the two signals.

UAAMMAARMEARA L
VIV UL

1 0 1
Fig. 14.15 The BFSK signal.
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14.7.3. Bandwidth of BFSK Signal

From figure 14.16, it is obvious that the width of one lobe is 2f,. The two main lobes due to
fg and f; are placed such that the total width due to both main lobes is 4 f,.



TherEfore’ we have
Bqndwidth of BFSK = 2f, + 2f,
o BW =4fy ..(14.37)
Now, if we compare this bandwidth with that of BPSK, we note that,
BW (BFSK) = 2 X BW(BPSK) ...(14.38)

14.7.4. BFSK Receiver: Coherent Detection of BFSK*

Figure 14_1.7 shows 'the block diagram of a scheme for demodulation of BFSK wave using
coherent detection tec.:hmque. The detector consists of two correlators that are individually tuned
(0 tWO different carrier frequencies to represent symbols ‘1’ and ‘0’. A correlator consists of a
multiplier followed by an integrator. Then, the received binary FSK signal is applied to the
aultipliers of both the correlators. To the other input of the multipliers, carriers with frequency
fs and f,, are applied as shown in figure 14.17. The multiplied output of eath multiplier is

subsequently passed through integrators generating output /, and /, in the two paths. The

Correlator 1

J A Symbol 1,
Binary cos(2nf 1) 4>l
> “ ; C tor ’
FSK Correlator 2 ompara
wave Symbol 0,
Ly otherwise

cos(2nf o)

Fig. 14.17 Block diagram of BFSK receiver (detection of BFSK).

output of the two integrators are then fed to the decision making device. The decision making
device is essentially a comparator which compares the output /; (in the upper path) and output
{3 (in the lower path). If the output [, produced in the upper path (associated with frequency f;)
18 greater than the output /o produced in the lower path (associated with frequency f_,), the
detector makes a decision in favour of symbol 1. If the output I, is less than [,, then the decision
making device decides in favour of symbol 0 (say). This type of digital communication receivers
are also calléd correlation receivers. As discussed earlier, the detector based upon coherent

detection requires phase and timing synchronisation.



14.6 BINARY PHASE SHIFT KEYING (BPSK)*

(PTU, Jalamdbar, Sem. Exam., 2_006_,}?)

(i) Definition N o
Binary phase shift keying (BPSK) is the most efficient of the ‘three digital _m;dl;l.latlon, ie.,
ASK, FSK and PSK. Hence, binary phase shift keying (BPSK) 1s used for high bit rates. In

BPSK, phase of the sinusoidal carrier is changed according to the .data bit t(})1 bé(al'tr.anlsmitted,
Also, a bipolar NRZ signal is used to represent the digital data coming from the digital source.

(ii) Expression for BPSK
In a binary phase shift keying (BPSK), the binary symbols ‘1’ and ‘0’ modulate the phase of
the carrier. Let us assume that the carrier is given as, -
s(t) = A cos (2rf 1) -(14.4)
Here ‘A’ represents peak value of sinusoidal carrier. For the standard 1 Q load resistor, the
power dissipated would be,

1

= =A%
P 2
or A= [op ...(14.5)

Now, when the symbol is changed, then the phase of the carrier will also be changed by an
amount of 180 degrees (i.e., T radians). Let us consider, for example,

For symbol ‘1°, we have
8;(1) = V2P cos(2nf,t) | ...(14.6)

If next symbol is ‘0’, then we have
For symbol ‘0’, we have

So(t) = 2P cos (2nf,t + ) ...(14.7)
Now, because cos (8 + 1) = — cos 8, therefore, the last equation can be written as,
so(t) = —J2P cos (2rnf.t) ...(14.8)
' Witin the above equation, we can define BPSK signal combinely as,
s(t) = b(t) V2P cos (2nf,t) ..(14.9)
where b(t) = + 1 when binary ‘1’ is to be transmitted.

— 1 when binary ‘0’ is to be transmitted
(iii) Binary Sequence and its Equivalent Signal b(t)

Figure 14.7 illustrates binary sequence and its equivalent signal b(t)



Binary

sequence 1 1 0 1 1 0 1 -
! 1
0 : '
- 4 ! >

1 1 1 1
i g ) ' : I i
. | | |
Slg;?tl) 1 | _ o : 1| : : l
- I I

0 | . )

, T, 2T,  '3T, 4T, 5T,
qf----—— ===

Fig. 14.7 (a) Binary sequence, (b) The corresponding bipolar signal b(t) .
7 (Important)

1 4_6.1.Generationof BPSK Signal ,
BPSK signal may be generated by applying carril

al (0s and 1s) is converted into a NRZ

1 b(¢) is applied as a modulating signal t

hows the blbék_ diagram of a BPSK signal generator.

ncoder converts the binary data sequence into bipolar NRZ sign

er signal to a balanced modulator. The
bipolar signal by an NRZ encoder. Here,

pinary data sign
o the balanced modulator.

the bipolar signa

Figure 14.8 8
al.*

A NRZ level e
o Blpolar Bipolar NRZ A prodil'ct“ :
s _ NRz | signalb® Imodulatoror|  BPSK
e - -~ level - : ~ balanced - signal
quence. = , G i el :
sy e sencoder—| - o oo - modulator

| -
Carrier signal

“Carrier signal.
: f;.;__'{ﬁ;fgeneratox_"'_ij,_’ --

| \Fig. 14.8 G.enerat’ionr ofBPSK.

Table 14.1. shows input digital and corresponding bipolar NRZ signal.

|_S:No. Bipolar NRZ signal b(t) | BPSKoutpt signal
- b(t) =-1 |5 —ﬁ “cos o)ct i
| % || Byl “hp=+1 | wEPemer

In above ta;ble;

oo By |
@ P= 'Tb“ , where, E, is the signal energy and 7, is the bit duration

(i) Also, o, = 2nf,



14.6.2.Reception of BPSK Signal : Coherent Detection

Figure 14.9 shows the block diagram of the scheme
signal. The transmitted BPSK signal is given as

o recover baseband signal fy
. gnal from BPSK

s(8) = b(t) V2P cos (27fct)

Incoming A Square cos*(2nf.t +0) A 0052(3“1“(-’ +0) B {1,‘ r.e;l:“oll ey
BPSK - > law - > Bandpass ¥ awviaer by
Signal Device filter two

cos(2nft +0)
Reference C Integrator
signal N __.l e__
Synchronous| b(t)~/2P cos®(@2nf.t + 0) r S,
— demodulator : ——‘/‘l/"—f
(multiplier) 1 SokTYy)
—ofo— |
Sl 1 1
b(t)V2Pcos’(2nf.t+6) | ABit : :

" | synchronizer

Fig. 14.9 ‘ Reception of baseband signal in BPSK signal.
This signal undergoes the phase change depending upon the time delay from transmitter
end to receiver end. This phase change is, usually, a fixed phase shift in the transmitted signal.

Let us consider that this phase shift is 6. Because of this, the signal at the input of the
receiver can be written as

s(t) = b(t) V2P cos (27 f,t +6) . ..(14.10)

Now, from this received signal, a carrier is separated because this is coherent detection. As
shown in the figure 14.9, the received signal is allowed to pass through a square law device. At
the output of the square law device, we get a signal which is given as

cos?(2nf,t+6)

Here, it may be noted that we have neglected the amplitude, since we are only interested in

the carrier of the signal.

Again, we know that

cos? 0 = 1+c:)3529
Therefore, we have
1+cos 2 (2nf, t+06) 1 1
2 — c
cos? (2n f, 1 +6) = 5 =-?—‘+§cos2(2nﬁ,t+6)

1 . . ’ .
Here, 5 Tepr esents a DC level. This signal is then allowed to pass through a bandpass filter

(BPF) whose passband is centred around 2f,. Bandpass filter removes the DC level of 1 andat
the output, we obtain, 2
cos 2(2r f,t + ©) S



Lo i ing f .. ..
This Slgnal is having irequency equal to 2 f.- Hence, itis passed through a frequency divider

t the output of fre ivider ) . .
by two0- ghu;’;:_ 0) P quency divider, we get a carrier signal whose frequency 1s {
" cos (2T e ’

" The gynchronous (i.e., coherent) c'.ien.lodulator multiplies the input signal and the recovered
jer. Hence, at the output of multiplier, we get
e

b(t)x@; cos(27f,t +0) X cos (2nf,t + 0) = b(t)V2P cos®(2nf.t +0)

= b(t)W2P x% [1+ cos 2(27f,t +0)]

= b(t) E[1+cos 2(2m £t +0)] ..(14.11)

This signal is then applied to the bit synchronizer and integrator. The integrator integrates
the signal over one bit period. The bit synchronized takes care of starting and ending times of a
uit. At the end of bit duration T}, the bit synchronizer closes switch S, temporarily. This connects
the output of an integrator to the decision device. In fact, it is equivalent to sampling the output
of integrator. The synchronizer then opens switch S, and switch S is closed temporarily. This
resets the integrator voltage to zero. The integrator then integrates next bit. Let us assume
that one bit period ‘T';’ contains integral number of cycles of the carrier. This means that the

phase change occurs in the carrier only at zero crossing. This has been shown in figure 1410
This BPSK waveform has full cycles of sinusoidal carrier.

WAL ALANANAAADD ARRALA AARARAAR,
NTWUTY TUVUVTTWIUT WYV

RN RN NN

Fig. 14.10 The BPSK waveform.

~
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14.12 QUADRATURE PHASE SHIFT KEYING (QPSK)
(Anna University, Chennai, Sem. Exam., 2005-06)

As a matter of fact, in communication systems, we have two main resources. These are the
transmission power and the channel bandwidth. The channel bandwidth depends upon the bit
rate or signalling rate f,. In digital bandpass transmission, we use a carrier for transmission.
‘This carrier is transmitted over a channel. If two or more bits are combined in some symbols,
then the signalling rate will be reduced. Thus, the frequency of the carrier needed is also reduced.
This reduces the transmission channel bandwidth. Hence, because of grouping of bits in symbols,
the transmission channel bandwidth can be reduced. In quadrature phase shift keying (QPSK),
two successive bits in the data sequence are grouped together This reduces the bits rate or
signalling rate (i.e., f,) and thus reduces the bandwidth of the channel.*

In case of BPSK, we know that when symbol changes the level, the phase of the carrier is
changed by 180°. Because, there were only two symbols in BPSK, the phase shift occurs in two
~ levels only. However, in QPSK, two successive bits are combined. Infact, this combination of two

~ bits forms four distinct symbols. When the symbol is changed to next symbol, then the phase of
the carrier is changed by 45° (n/4 radlans) Table 14.7 shows these symbols and their phase
shifts. ,

Table 14.7. Symbol and corfesponding phase shifts in QPSK

S. No. : Input successive bits 7 Symbol Phase shift in carrier
1 S R R 0(-1V) S, 4
2 S 0-1V) 0LV LE] =58, 3n/4
3 0(-1V) . 1av S, s e - Bl
4 1(1V) 1av) - S, T s
e

Hence as shown in Table 14.7; there are four symbols and the ph;se is shifted by n/4 for each
symbol.
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14.13 GENERATION OF QPSK

—_ )
Figure 14.24 shows the block diagram of QPSK tyan

smitter. Here, the input binary sequence is

first converted to a bipo?ar NRZ type of signal. This signal is denoted by b(t). It represents

pinary ‘'by + '1 .V and b'lnary 0" by — 1 V. This signal has been shown in figure 14.25(a). The

Jemultiplexer divides b(¢) into .

wo separate bit streams of VP, sin(2rf1)

the odd numbered and even

qumbered bits. Here, b ,(t) b.(t) & 5,(2) -

1,epresents even numbered Binary Bipolar - b(t) A ’ gignal

sequence and by(?) represents data | NRz level | Demultiplexer Adder [,
sequence x s(t)

odd numbered sequence. The _encoder , :

symbol duration of both of b.(1) 5.(0)

these odd and even numbered (5
sequences is 27}, Hence, each

symbol consists of two bits. , VP, cos(2nft)
Figure 14.25(b) and (c) & Fig. 14.24 Generation of QPSK.
illustrate the waveform of '

b,(t) and b(?).

- It may be observed that the first even bit occurs after the first odd bit. Hence, even num-
bered bit sequence b () starts with the delay of one bit period due to first odd bit, Thus, first
symbol of b,(¢) is delayed by one bit period ‘T, with respect to first symbol of by(t). This delay of
T, is known as offset. This shows that the change in levels of b,(¢) and by(t) cannot occur at the
same time due to offset or staggering. gn

Also, the bit steam b,(t) modulates carrier \/P_s cos(2m fct»)r

) <) 7 povoukNows
and b(¢) modulates JFS sin(2nf,t) . These modulators are the n HPSK- énch synibol rebresents

balanced modulators. The two carriers 1./733_ cos(2nft) and  two bits and the bit rate is twic

, _ - the baud rate. This is called a dibit
\/E sin(2nf,t) have been shownin figure 14.25(d) and (¢). There - system. - ;
carriers are also known as quadrature carriers.

The two modulated signals can be writtern as,

s,(t) = be-(t)\/ITs sin (2nf, £) ' ...(14.50)
and 5o(®) = bo(t) [Py cos (2 f, 1) (14.51)

Hence, s (2) and so(t) are basically BPSK signals. The only difference is that 7' = 2T, here.
The valye ofeb (¢) and b,y (¢) would be + 1Vor — 1V. Figure 14..25 (f) and (g) shows the waveforms
of 5. (1) and so(;). The adder in figure 14.24 adds these two signals b ,(¢) and by ().




Bit No.0 1 2 3 4 5 6 7
odd even odd even odd even odd

0.0 (1,1 40 (1 (0 0

Input sequence 17
Bipolar
NRZ signal

b(?) -1

—> (q)

Tb ’1 ,b

odd |—» | odd |—>| odd |—> odd |—

1 4
0Odd numbered
bit sequence
b()(t) -1

> (b)

. 4
First symbol of by(t) starts here — even |—» [even |—s» |even |—s |even

Even numbered 11
bit sequence ( > (c)

b(0)

-1

First symbol of b,(t) starts here ——T

VB
O N L
I \VAVILVIIVAVILVLY,

om0
> sin(2ni L 0 > (e)
B RVAVAVAVAVAVAY

e AN A A A AN
SRR WVIIVIIVIIVI

Bit No.0 1 2 3 4 5 6 7

J2E[T
50 = JMNINNNT
bet(\/E51n(2n)‘it)2E/TM U U U

s(:)=80(t)_—se(t) ZE/TOT /V\ (\ /\ /\ /\ > ()
. QPSK signal —J2—E/—TM \}\ A I U d

Phase L Phase
shift of Phase  gpift of
/2 shift of /2
/2

Fig. 14.25 QPSK waveforms, (a) Input sequence and its corresponding
NRZ waveform, (b) Odd numbered bit sequence and its corresponding waveform )
(¢) Even numbered bit sequence and its NRZ waveform (d) Basis function f1(t)
(e) Basis function fy(t) (f) Binary PSK u}aveform for odd numbered channel
(g) Binary PSK waveform for even numbered channel (h) Final QPSK waveform.
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put of the adder is

. o . S
The out QPSK signal and it is given by,

s(t) = su(2) + 5,(b)

or (1) = bo(t) \[P; cos(2nf,t) + b, (t) [P, sin(2nf,t) ...(14.52)

Figure 14.25(h) ShO.WS the QPSK signal represented by equation (14.52). In QPSK signalin
re 14.25(h), if there is any phase change, it occurs at minimum duration of T,. This is because
ﬁhgeutwo signals s,(f) and sy(¢) have an offset of ‘T,’. Due to this offset, the phase shift in QPSK
t T

signal 18 o -

s(t) = —[P, cos(2nf,t) — [P, sin(2nf.t) _

J-Esin(znfct) Amplitude = [5(®)|=J2F;

b)) =—1 Neasrreseeeesdee L - s(t) = JE cos(2nf,t) — JEsin(2nfct)
b(t)=—1 : ie., bt =1
bt)=-1
o JEcos (2nft)
s(t) =[P, cos (2nfot)+ [P, sin (27tfct>::f— 5. = E:_s(t) = JP, cos (2nf,t) + [P, sin (27f,)
b)=—1 25 b =1
b)) =1 ULt SEUSaa RO AR b)=1

FigT 14.26 The Phasor diagram of QPSK signal.
14.13.1.Reception of QPSK (i.e. Detection of QPSK)

Figure 14.27 shows the QPSK receiver. This is synchronous reception. Hence, the coherent
carrier is to be recovered from the received signal s(¢). The received signal s(¢) is first raised to
its 4th power, i.e., s*(t). After that, it is allowed to pass through a bandpass filter (BPF) which is
centred around 4f_. The output of the bandpass filter is a coherent carrier of frequency 4f,_. This »
is divided by 4 and it provides two coherent quadrature carriers, i.e., cos (2n f_t) and sin (2rf_t).

These coherent carriers are applied to two synchronous demodulators. These synchronous
demodulators consist of multiplier and an integrator.*

Received signal

P
s(® s(t) sin(2nf.t)
v
. : . S (2kADTy
-~ Raised _ ; * b )Ty Ps
Input to Id‘
,4th power - (2R-1)T, .
84(t)\ V Correlator - 1 -
= ‘d — =" . The
andpass “Multiplexer =
flter - = p A b®
4f, Correlator - 2
cos 4(2nf,t) Qkif:}
A
Frequency | - cos 2(nf,t) 2k T, | b (t)TbJ P
divider
+4 sin @nf.0) s(t) cos(2nf t)
~ ~ \

M —— Fig. 14.27 Reception of QPSK. ) 1




(ii) Because of reduced handwidth, LLE LuLULdicvasss ==

14.14 MINIMUM SHIFT KEYING (MSK)

(MDU, Rohtak, Sem., Examination 2003-2004)

We have discussed QPSK technique in last article. The bandwidth requirement of QPSK is high.
Filters or other methods can overcome these problems, but they have other side effects. For
example filters alter the amplitude of the waveform.



\SK overcomes these problems. In MSK. the output waveform is continuous in phase hence
e are nO abrupt changes in amplitude. The sidelobes of MSK are very small hence bandpas
not required to avoid interchannel interference. Figure 14.31 shows the waveform of
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14.14.3. Generation of MSK

Figure 14.34 shows the block diagram of MSK ty

' ansmitter. The two sinusoidal signals sin(2n
0 and cos(2nt/4T,) are mixed (j.e., multiplie ‘

d). The bandpass filters then pass only sum and

sin 2n(f, -l-%’-)[

sin 2n(f, + :1};’_) t
b
k J2P.b (1)
/ x(t) = sin 2nf.t cos (2nt/4 T,) o

Band pass N
filter g
fo +

3
2
]
2

fo+22
sin(2nf.t) Ey .
s(t
B d‘i)—- MSK
signal
cos2n(t/4Ty) Band pass
= cos 2x(f,/4)t ﬁlt(}l L =
= COS 47 b f s -
Lo 4 \ % y(t) = sin(2nt/4T,)cos2nf ¢ ?L
%Si“z"(fc - %’) t J2P,b, (1)
= % sin 2n(f, —ﬁ)z

Fig. 14.34 MSK transmitter block diagram.



fu and 7 ___f;_, The outputs of bandpass filters (BPFs) are then addeq
A .

difference components /; +7- 4
are generated. Signal x(t) is multiplied by

and subtracted such that two signals x(1) and y(t)
JZ_P: by () and ¥(?) is multiplied by JEI_),: be(t). The outputs of the ’ :
give final MSK signal. Thus the block diagram of figure 14.34 is the step to step implementation
of equation (14.73).

multipliers are then added to

14.14.4. Reception of MSK (i.e. Detection of MSK) '

Figure 14.35 shows the block diagram of MSK receiver. MSK uses SYnChFODOUdeetectmn,
The signals x(f) and y(t) are multiplied with the received MSK signal. Here x(f) an y(t) h?ve
same values as shown in transmitter block diagram of figure 14.35. The outputs of the multipliers
are b (t) and by(?). The integrators integrate over the period of 27} For the upper corr‘elator,'the
sampling switch samples output of integrator at t = (2 + 1)7},- Then the decision device de?lc.les
whether by(t) is + 1 or — 1. Similarly, lower correlator output is b,(1). The OutPUtS_Of two decision
devices are staggered by T},. The switch S operates at t = kT, and simply multiplexes the two

correlator outputs.

by | To Sy A
J-dt ° I e Decision
1 -T, Sample at device
s(t) — 29 t=@k+ DT, Switch IL\SS
Received ¥ ape=kl, Q bt
MSK )
signal 2T, S, A
—é—— J'dc —_°/T'°—— Decision
be(®) device
0 Sample at
1=k +2)T,

Fig. 14.35 MSK receiver block diagram.

14.14.5. Advantages and Drawbacks of MSK as Compared to QPSK
(JNTU, Hyderabad, Sem. Exam. 2005-06)
From the discussion of MSK, we can now compare the advantages of MSK over QPSK.
Advantages: ‘
1. The MSK baseband waveforms are smoother compared to QPSK.
2. MSK signal have continuous phase in all the cases, whereas QPSK has abrupt phase shift

of X or 1.
2

3. MSK.waveform does not have amplitude variations, whereas QPSK signals have abrupt
amplitude variations.

4. The main lobe of MSK is wider than that of QPSK. Main lobe of MSK contains around 99%
of signal energy whereas QPSK main lobe contains around 90% signal energy.

5. Side lobes of MSK are smaller compared to th ?
. : at of QPSK. Hence, inter . terference
because of side lobes is significantly large in QPSK ence, interchannel inter

TO avoid interchannel interference due t 1 elo ng, w h
. - o Sld ‘] 3 ] £ S
oy 1 i . 1 b(,S, QPSK nLedS br.'\ndpass filterl g! r



ass filtering changes the amplitude waveform of QPSK because of abrupt changes in

ndp _
8. BY This problem does not exist in MSK.

phase: . : : o
The distance between signal points is same in QPSK as well as in MSK. Hence, the probability

{ error is also same. However, there are some drawback of MSK.
of e

(ii) DraWbaCkS ‘ -

{. The bandwidth requirement of MSK is 1.5 f,, whereas it is f, in QPSK. Actually, thfs
cannot be said serious drawback of MSK. Because power to bandwidth ratio of MSK .IB
more. In fact, 99% of signal power can be transmitted within the bandwidth of 1.2 f, in
MSK. While QPSK needs around 8 f, to transmit the same power.

9. The generation and detection of MSK is slightly complex. Because of incorrect synchronization,
phase jitter can be present in MSK. This degrades the performance of MSK.

14.15 GAUSSIAN MINIMUM SHIFT KEYING (i.e., GMSK)

(GGSIPU, Delhi, Sem. Exam., 2006-07)

Like Minimum shift keying (MSK), Gaussian MSK (GMSK) yields a constant amplitude ar}d
continuous phase RF carrier signal. It only differs in use of a Gaussian baseband pulse shape 1In
place of square pulse shape for MSK. Because, the Gaussian pulse rises and decays asymptotically
with respect to a zero

response level, it h-as a J UL A Voltage Controlled S

much more constrained NRZ Oscillaltor (VCO) > o

bandwidth. A typical Baseband signal
GMSK system has
been shown in figure
14.36 along with an
unfiltered MSK system.

Modulation Index = 0.5

Gaussian pulse

The unfiltered MSK i responded filter
e unilltere 1S | | | |
generated by direct — A A Voltage Controlled | qpror
. NRZ Oscillator (VCO)
FSK modulation of a .
. . Baseband signal .
carrier with a

Modulation Index = 0.5

baseband si i
aseband signal which Fig. 14.36 GMSK as unfiltered MSK.

is scaled in amplitude _
to produce a modulation index of 0.5. This value of modulation index produces a difference of 180°
phase shift for the two data values. However, in GMSK, there is ISI (Inter symbol interference)
which is a bandwidth limiting factor. GMSK is employed in GSM digital cellular radios and cellular
digital packet data (CDPD) applications. ,

Gaussian Minimum Shift Keying (GMSK) is a modification of MSK. A filter used to reduce the
bandwidth of a baseband pulse train prior to modulation is called a pre-modulation filter. The
Gau.ssian pre-modulation filter smooths the phase trajectory of the MSK signal and hence limiting
the Instantaneous frequency variations. The result is an FM modulated signal with a much narrower
bﬂlnc_lwidth. This bandwidth reduction does not come for free since the pre-modulation filter smears
; e 1ndivid}1a1 pulses in pulse train. As a consequence of this smearing in time, adjacent pulses
Merfere with each other generating what is commonly called inter-symbol interference or ISI. In
] f?(:_apl)li(l.ations, where GMSK is used, the trade-off between power efficiency and bandwidth

‘ency is well worth the cost.

Bit Error Rate (BER) for GMSK is given by |




2 - \..(1
. Q( Ny | . \( 4.10

, where o is a constant related to BTb.

Table. 14.8. GMSK Parameter o Related to BT},

S No. - The value of BT), The values of &
0.25 0.68

It may be noted that the case where BT, — < corresponds to MSK (i.e. the filter is all pass:
a fixed symbol interval 7).
Recall that the probability of error for plain MSK is given by

2F,
P,=0Q 70 L (14.10

\

Here, we can conclude that peGMS'K > PeMSK . This arises from the trade off between pov

and bandwidth efficiency. GMSK achieves a better bandwidth efficiency than MSK at the exper
of power efficiency.
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19 A PCM-TDM SYSTEM : T1 CARRIER SYSTEM

— T e — o s
(Calicut University,Kerala, Sem. Exam., 2006-07)

. Block Diagram

When a large number of PCM signals are to he transmitted over a common chan nel, multiplexing
o these PCM signals is required. Figure 11.17 shows the basic time divigion m ultiplexing scheme,
wlled as the T1-digital system or T'1 carrier system. This system is used (o convey multiple
signals over telephone lines using wideband coaxial cable.

3, Working Operation of the Tl Carrier System®*

The working operation of the PCM-TDM system shown in figure 11.17 can be explained in
the form of few points as under:

(i) This system has been designed to accommodate 24 voice channels marked S; to S,,. Bach signal
is bandlimited to 3.3 kHz, and the sampling is done at a standard rate of 8 kHz. This is hi gher
than the Nyquist rate. The sampling is done by the commutator switch SW,.

(i) These voice signals are selected one by one and connected to a PCM transmitter by the
commutator switch SW,.

(iif) Each sampled signal is then applied to the PCM transmitter which converts it into a
digital signal by the process of A to D conversion and companding, as explained earlier.

W) The resulting digital waveform is transmitted over a co-axial cable.

~ -



S, LPF- ]
4\ Multiplexed

] ; Samples .
52 LI,)F e 8000 per second PCM PCM signal
E T Commutator transmitter
Voice SW ‘
signals ) 1 Coaxial cable
’ Repeater
S94 — LPF | /
Repeater
L LPF [—s5,
Repeater
/ Decommutator — .
poM | SW2 \ o L— 2
Repeater — ;i 8000
recelver - iRecovered
revolutions; ™o .
per sec. | signals
LPF So4

Fig. 11.17 Block diagram of a basic PCM-TDM system or T1 carrier system.

(O) Periodically, after every 6000 ft, the PCM-TDM signal is regenerated by amplifiers called
Repeaters. They eliminate the distortion introduced by the channel and remove the

superimposed noise and regenerate a clean PCM-TDM signal at their output. This ensures
that the received signal is free from the distortions and noise.

(vi) At the destination, the signal is companded, decoded and demultiplexed, using a PCM

receiver. The PCM receiver output is connected to different low pass filters via the
decommutator switch SW,,

(vii) Synchronization between the transmitter and receiver commutators SW, and SW, 1s
essential in order to ensure proper communication.
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Spread Spectrum refers to a system originally developed for military applications, to provide secure
communications by spreading the signal over a large frequency band. o ,
Figure 1 represents a narrow band signal in the frequency domain. These narrowband signals are easily
jammed by any other signalin the same band. Likewise, the signal can also be intercepted since the
frequency band is fixed and narrow (i.e. eaéy*to\detect). " :

Narrowband .
signal level \

Nase ' \
/ level : T

%
Figure 1: Narrow band signal, relatively easy to jam or intercepted.

N

A

The idea behind spread spectrum is to use more bandwidth than the original'message while maintaining the
same signal power. A spread spectrum signal does not have a clearly distinguishable peak in ’(h‘e spectrum.

This makes the signal more difficult to distinguish from noise and therefore more difficult to jam or.
intercept. This conceptisillustrated in Figure 3. \ R

This document will explore basics concepts of spread spectrum for the remaining of the introduction and
then it will explore the supporting concepts of the most used technique in spread spectrum systems. The”
last section will give the reader some insight of more advance topics but will not deeply explore them:'We
encourage the reader to seek the references for advance knowledge of spread spectrum systen}s-

v 4
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General Block Diagram

We present now the block diagram of a typical communication system with the difference that the

modulator/demodulator has as input the spreading generator. Thls p;ece will be explored in following
sections.

Channel
Input Output
Message | canpel M M
odulator Demodulator Channel essage
™ encoder [ 7 ¢ M decoder . —>
Spreading Spreéding
generator generator

Figure 2: Block diagram of the spread spectrum communication system

A

,/
/

/

/

:)) Frequency hoping (FH), which makes the narrow band signal jump in random narrow band/wnhm a large
andwidth,

2) Di ‘g .
) Direct sequence (DS) which introduces rapid phase transition to the data to make,%(é;er in bandwidth
v gl

A
7

There are two predominant techniques to spread the spectrum:

We will focus on Direct Sequence S ’

pread Spectrum technique since itis the.i '
(COMA, UNITS, 809 11 . q Is rp ifiostly used in the industry

‘/.
s
,.
~
A



What are applications of spread spectrum? A

Current appllcatlons of spread spectrum technology
include wireless LANs (local area networks s), bar
code scanners and mlcrophones This teohno\ogy
- |mproves the efﬂmency and effectlveness of
business processes, many of whh,h are ﬂndmg that
wnreless commumcatlons are requ&srte for success.
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What is modem and its applications? A

A modem transmits data by
modulating one or more carrier
wave signals to encode digital
information, while the receiver
demodulates the signal to
recreate the original digital

information. The goal is to produce a signal that can
be transmitted easily and decoded reliably.



Types of Modem

 Cable Modems. Cable modems help in

establishing communication between computer
and ISP over landline connection. ...

e Telephone Modems. These modems are network
devices that allow data communication between
two computers over voice-grade telephone lines.

e Dial modems. ...
y
 Satellite Modems. ... #

* Digital Subscriber Line (DSL)
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