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UNIT - Il
Digital Modulation Techniques: Wave form representation of
different digital modulation techniques; Amplitude Shift
Keying, Coherent Phase Shift Keying(PSK)- Binary Phase Shift
Keying, Quadrature Phase Shift Keying, Differential PSK,
Coherent Frequency Shift Keying, Probability of error for
BASK, BPSK, BFSK.
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Wave form representation or A line code is the code used for data transmission of a
digital signal over a transmission line. This process of coding is chosen so as to avoid

overlap and distortion of signal such as inter-symbol interference.
Properties of Line Coding
Following are the properties of line coding -

As the coding is done to make more bits transmit on a single signal, the bandwidth
used is much reduced.

For a given bandwidth, the power is efficiently used.

The probability of error is much reduced.

Error detection is done and the bipolar too has a correction capability.

Power density is much favorable.

The timing content is adequate.

Long strings of 1s and 0s is avoided to maintain transparency.
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Types of Line Coding: There are 3 types of Line Coding i) Unipolar Polar ii) Polar iii)Bi-polar

Unipolar Non-Return to Zero NRZ

Clock | | II |
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Advantages

The advantages of Unipolar NRZ are -i) It is simple. ii) A lesser bandwidth is required.
Disadvantages

The disadvantages of Unipolar NRZ are —i) No error correction done.

ii)Presence of low frequency components may cause the signal droop.
iii)No clock is present.

iv)Loss of synchronization is likely to occur (especially for long strings of 1s and 0s).
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~Line codes for the electrical representations of sinaycas o 1 1 o 1 o o 1
binary data.
(a) Unipolar non-return-to-zero (NRZ) signaling

(on-off signalling). <l i

Al —

(@)
* Binary 1 — pulse, Binary 0 — no pulse

(b) Polar NRZ signaling.

e Binary 1 — Positive pulse, Binary O — negative pulse _,

(c) Unipolar return-to-zero (RZ) signaling. . *
e Binary 1 — Positive half width pulse , |_| I_l I_l I_l

Binary O — no pulse

(e]

(d) Bipolar RZ signaling.

o
e Binary 1 — Alternative + and - pulses, o |_| I_l
Binary O — no pulse L ] I_l
(e) Split-phase or Manchester code. @
e Binary 1 — Positive to negative transition pulse ! —l
with half symbol width, Binary 0 — Negative to : I_

positive pulse with half symbol width e - S
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Dlgltal Modulation™ —

“In binary signaling, the modulator produces one of two
distinct signals in response to bit of source data at a time. By
shifting the parameters either Amplitude or Phase or
frequency of carrier with reference to the binary data digital
modulation can be achieved.

* Binary modulation types
= Binary ASK
= Binary PSK (BPSK)
= Binary FSK
= Binary QPSK
= DPSK

» (Coherent Detection

» Non coherent Detection
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Blnary Amplitude-Shift'Kevying -

¢ In transmitter the binary data sequence 1s given to an
on-off encoder.

* Which gives an output E, volts for symbol 1
¢ and O volt for symbol O.

¢ The resulting binary wave and sinusoidal carrier ¢, (t) are
applied to a product modulator. The desired BASK wave 1s
obtained at the modulator output.

* In demodulator, the received noisy BASK signal x(t) 1s apply
to correlator with coherent reference signal ¢, (t) . The
correlator output x 1s compared with threshold A.

e If x > A the receirver decides 1n favour of symbol 1. Ifx <A
the receirver decides in favour of symbol O.
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* The bmary ASK may be expressed as

+ s(0) ={

10010 Random

input signal

s1(t) = Acos(2mf.t)
s.(t) = 0orA,Cos 2nf.t) For transmitted bit '0’

BASK Modulated signal

1A

Product
Modulator

= s(1)

Modulating signal in
unipolar format
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For transmitted bit '1’

11 111
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ASK(AMPLITUDE SHIFT KEYING)
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Bit rate: 5 Baud rate: 5
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. — 2E,
For biary ‘1 s, (1) = cos(27f 1)
b
- Tk e Bt o
* For binary ‘0 s,(1) =0 = b
% 1M1 , :
Transmatter ;. Pp— T Binary ASK
——— Level —» Modulator .
Data Sequence Bl Signal
&
¢'1 (£)= —CD.S‘EJ"!.’;‘:.I
Ty Th
o Recerver X1 = J; x(t)by(t} di
T I
x(t jdr 5| Decision If x > A choose symbol 1
0 Device I
T If x < A choose symbol 0
&, (r) Threshold
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In digital communication literature, the usual practice Is to assume that the

carrier c(f)=A.cos2z f,t has unit energy measured over one symbol
(bit) duration.

42

The power of the carrier signal P. = ?’5 watts. Fdﬁvﬂd]vﬁvﬂ{ﬁ

Energy for a duration 7}, pulse £, = T},P, = 3

or A.= % o | |
c(f)=4, cnsZ:rrfcr:\/%mﬂﬂfcf |_ ,— |
12:5 cos 27 f .t referred to as basis function (Qrthonormal )

e (e [ ealmtn - e AW o< 2T

signal .
Clqwad & used o Repk The
whoe FW = aithogonal =1

= V€ & W)
= S W= s.l-u‘! =k %
They 4o bld) = Binwy Cyvabol e fzz

n “ 0 = S)= 5ﬂ=ﬂmv= e



BASK InBASK a sinusoidal carrier is simply gated on and off by
the bit sequence to be transmitted.

A binary amplitude-shift keying (BASK) signal can be defined as
s(t)=A.m(t)cos2nf.t, 0<L<T,

where A, is a constant amplitude iml Multiplier MH WM
X >

m(t)is digital information signal mt) s(1)=m(1)e(t)
m(t)=1or0

f. Is carrier frequency W

T), is the bit duration Oscillator

(5)(t)= A cos2x f t c(t)=A.cos2xf .t

':I'E .
)= —2cos27ft, 0<t<Ty: Logic! Average Energy per bit

£
| $9(1) =0, Else: Logic 0 Eb




Spectrum of BASK

s(1)= A, m(1) cos2x f 1,

0<t=£]T,

. - - A, 2
S(N)=SEM(f+ [ )+=SM(f - f,)

m(t)

][0 | S

) |
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Frequency Content of the
Rectangular Pulse * For k=0:
+(1) | — .
JC(I_) I “ I/T =>sinc(z) = sumlzc
« For k=%1%2...:
:2_5 —é.u —:1.5 —:.n 05 20 03 1?[.: Ijrﬁ l?ﬂ 3.:5 : 2 . k 1 ) k&)
X (!) x4 T r— L % — SIn —
r ko,T 2 / km 2
gt il —=r R = 0 0 S mﬂ:ﬁ;rf?"
3 * [t can be easily shown that
x(1) = lim x,(¢) ’
* Since x,(t) is periodic with period 7, we limTe, = Sinc(}, welR
can write e 2r
- : where
= ge™, el ; sin(7A)
k=—s0 sing(4) =
where -
1 /2 |
c, =— I x(ye ™ dt, k=0,11,12,..
T -T/2 y




Bandwidth of ASK $S(1)

B

“f&_ZRb

*The first, bandwidth in hertz, refers to the range of frequencies in a composite signal

or the range of frequencies that a channel can pass.
' The second, bandwidth in bits per second, refers to the speed of bit transmission in

a channel or link. Often referred to as Capacity



* The second, bandwidth in bits per second, refers to the speed of bit transmission in
a channel or link. Often referred to as Capacity

" 1-,.
Amplitude -
A
Minimum bandwidth = M, 4

- i i et et
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With ASK, the bit rate is equal to the minimum Nyquist bandwidth

BW=fTb=fb: Baudzf—f=fh

Bit rate is the number of bits per second. Baud rate is the number of signal units per
second. Baud rate is less than or equal to the bit rate.
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Ex1: Find the minimum bandwidth for an ASK signal
transmitting at 2000 bps.

Ans: In ASK the baud rate and bit rate are the same.

The baud rate is therefore 2000.

An ASK signal requires a minimum bandwidth equal to its baud rate.
Therefore, the minimum bandwidth is 2000 Hz

Ex2: Given a bandwidth of 5000 Hz for an ASK signal, what are the
baud rate and bit rate?

In ASK the baud rate is the same as the bandwidth, which means the
baud rate is 5000.

But because the baud rate and the bit rate are also the same for ASK,
the bit rate is 5000 bps.

Department of Electronics and Communication Engineering



22=%s, LAKIREDDY BALI REDDY COLLEGE OF ENGINEERING
8 .3 ; (AUTONOMOUS)
= Accredited by NAAG & NBA (CSE, IT, ECE, EEE & ME)

Approved by AICTE, New Delhi and Affiliated to [NTUK, Kakinada
L.B.Reddy Nagar, Mylavaram-521230, Krishna Dist, Andhra Pradesh, India

O (ohetenl 5% Somadilf e

‘Fﬂ'

"_*‘* Lrmdatt™ : cheose L4 %20

' o
% [reive] | Deleded Broy et
Device SUECI |

| o]

Sl & T =) W . g = €6 4 * |
Tt 2

oo o Trdeqnadd = 4 = gb {Ep B dt

Department of Electronics and Communication Engineering



ASK Receiver

(AUTONOMOUS)
Accredited by NAAG & NBA (GSE, IT, ECE, EEE & ME)
Approved by AICTE, New Delhi and Affiliated to JNTUEK, Kakinada

LAKIREDDY BALI REDDY COLLEGE OF ENGINEERING

L.B.Reddy Nagar, Mylavaram-521230, Krishna Dist, Andhra Pradesh, India

" = Tb
s(1) d oo r, rn2l=1p
_[l-]d.f ——oO Comparator
(1) Threshold
TR /
’:ASH‘:} = -I- L
+
0 — i)
COs w i -ﬂ r
Threshold ‘
e Decision
dn:x;im:




LAKIREDDY BALI REDDY COLLEGE OF ENGINEERING
(AUTONOMOUS)
Accredited by NAAC & NBA {csE IT, ECE, EEE & ME)

Approved by AICTE, New Delhi and Affiliated to [NTUK, Kakinada
L.B.Reddy Nagar, Mylavaram-521230, Krishna Dist, Andhra Pradesh, India

Coherent Detection Non-Coherent Detection

* An estimate of the channel phase and
attenuation is recovered. It is then possible to
reproduce the transmitted signal and

* Requires no reference wave; does not exploit
phase reference information (envelope
detection)

demodulate. i -
+ Requires a replica carrier wave of the same ~ Dierential Phase Shift eying {DPSK)
frequency and phase at the receiver. — Frequency Shift Keying (FSK)

» The received signal and replica carrier are —Amplitude Shift Keying {ASK)

cross-correlated using information contained —Non coherent detection is less complex than
in their amplitudes and phases. coherent detection (easier to implement), but has

+ Also known as synchronous detection Worse performance.
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NON-COHERENT DETECTION OF ASK

ASK +
Noise o
— Envelope Original
BPF Regenerator |——.~
detector g Binary Qutput
t T
Bit v

Sync
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P Eewelgpe  detedd] genencdeh high o|p Vollage whon Corsion.  foacenl .
w u U low W 1 7Y Absenkt -

»p The dedifen denice bﬂ'ﬁ-’%n:q“\j qeg-en-evah'\f-e’ ‘u‘apc;f-e_‘r] A -@n:g,_@j

(¥ ED > Thahald =) Pulse _c?ﬁnevd'c.;l' oIh I gn Yolblse 8 0 LHLS

: Y Rego W A ODEE
i 2 % " » G =

Department of Electronics and Communication Engineering



228, LAKIREDDY BALIREDDY COLLEGE OF ENGINEERING

(AUTONOMOUS)
Accredited by NAAG & NBA (CSE, IT, ECE, EEE & ME)

Approved by AICTE, New Delhi and Affiliated to [NTUK, Kakinada
L.B.Reddy Nagar, Mylavaram-521230, Krishna Dist, Andhra Pradesh, India

ASK Space d+ag|:am

b For binary ‘1’

5, (7) =

» For binary ‘0’ Sk @ = T

-
x; =[x (), (1)dt
=Se+wy J=L 200 , N

Region E:> Region E;

Message
Point 2

0 ‘\[EE;/Z Point 1
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Signal Space: ASK Constellation Diagram

Decision Region
L}

Imaginary

Region R, : Region Ry
S}_ I 491

0 : \2E,

s(r)= F:::"‘ cos2rfut +j0 0=st=Tj
b

Department of Electronics and Communication Engineering



Additive White Noise

S, (J) 1 Power Spectral Density
N
2
II-
Average Power of .
Additive White Noise Spn)
w T
P = [ Sun(N) df : A
N, : 2 :
o ) . . , r
= 2W =Ng W : _ 3
2 v e = -

Noise is assumed to be uncorrelated with the signal



Gaussian Noise
» Let (1) denote a noisy signal.

» The values of noisy signal are unpredictable and
only a probability can be associated to them,
Prin, <n(t) <n,}
» he most common type of noise found in a
communication system is Gaussian with PDF
H— i 2
g o _%[ 7 ]
P;H”U?}— €

|1
ﬁ
e T 3
7

where Ky = E {n(t)} . Mean value , and

::T_,% =5 {( .r;(r]—‘u” ]- }: Variance
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¢ Probability of error P_ of binary 0 . L e (_ L ‘___!.}z) e

e= |  Vamor'
-

]
o (x —0)° =
Pen_ﬁ __‘._E‘i Afr& }dx

B
- 1
X 2

Let Z= P,=— [exp(—z%)dz 1 E;
N Foo =5 Van

1|r Vo 0

Similarly for binary °1° E
y ry Pel = le}:fcl: ; i|
2 an,

The total probability of error = 15[}5“_:‘:{]h i P, = 1 @rﬁ:{ Eb]

.
Also e ool Hat
2 2 .LWG
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Error Performance: Bit Error Rate (BER)

The BASK signal at the receiver in the presence of noise is given by
r(t)=as(t)+n(t)

. LW _ Y

n(r) is AWGN with power spectral density% W/Hz.

Then the Bit Error Rate for ASK is given by

)

, where again E is the average energy bit.

A2T,

where E; =

Bi[‘lal"‘y" data is transmitted using ASK through a channel that adds
white Gaussuan noise with power spectral density Ng = 1011 W S H=.
Determine the amplitude of a received carrier burst to provide a

BFER —10° for the following data rates
(a) 300 bps; (b)) 3Ikbps; (c) 9.6 kbps

ANsS: The Bit Error Rate for ASK is given by BER ,gx — Q( f,.:b ]
" | D

To achieve a BER =10 E:b — g DT —= £ 5 =4 272 =18.233
.ca'ﬁ-"[} ‘MQ

Ng =10"11; E; —18.233x1011
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‘Binary Phase-Shift Keying (BPSK)—=

* A binary PSK system 1s therefore characterized by having
a signal space that 1s one-dimensional (1.e. N=1), and with
two message points. The pair of signals differ by phase
shift of 180°

CoherentBinaryPSKelInacoherent

== \/‘Eb 0 £ binary PSK system, the pair of signals, s1(t) and
& | e » & (t) s2(t), used to represent binary symbols 1 and 0,
S5 S1 1 respectively, are defined by
dio = 24/ By
°S(t)=s,¢,1) fori=I2 s1(t) = \/ Epo1(t)
e S(t)=s;¢,(1) fori=I s2(t) = —\/ Epg1(t)
*S,(t) = 55,4,(0) fori=2 P1(t) = \/gwﬁ(?ﬂfct)
b

Oéf{Tb
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Binary Phase-Shift KeyingH BPSK%—/

» A binary PSK system 1s therefore characterized by having
a signal space that 1s one-dimensional (1.e. N=1), and with

two message points. The pair of signals differ by phase
shift of 180°

‘,;1“31““* LAKIREDDY BALI REDDY COLLEGE OF ENGINEERING

- % 1(t)
1 di2 = 2\/5.5
N5l % o) Jori 127 51(t) = \/Eb‘f’l(t)
° S(t)=s,¢,1 fori=I s2(t) = —\/Epb1(t)
® S,(t) = 55,6,(0) fori=2 b1(t) = \/?CDS(%U‘H)
b

Oiif{Tb
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1 0 L
 ForBinary ‘I s, =" cosCr)  -fAMAAMAMARARAL

b

[2E,

® FﬂrBinary -;03 32(3)=V?}JCDS(2ﬂfct+W) O{t{:ﬂ
i )
Sois . >F,
* 7, 1s bit duration e | -  cos(27fF)
b

* The pair of signals differ by phase shift of 180°
e f carrier frequency, chosen to be n_/7, for some fixed integer n_

: : : : Ty Ty
» E, is transmitted signal energy per bit, fﬂ sT(t)dt = fn s3(t)dt = B,
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BPSK

» Phase-shift keying (PSK) is another form of angle-modulated,
constant-amplitude digital modulation.

»BPSK is a form of square-wave modulation of a continuous
wave (CW) signal.

»Vary the phase shift of the carrier signal to represent digital
data.

E for S bol ‘1’
s1(2) = = b cos 29 [ i, s
b
s(7) = 1 0=<t=<T,

2F 2 F

s2(@) = |—2 cosQr fot+ 1) =— |2 cos 2z f,t for Symbol ‘0’
| Tp Tp

Digical Modulation

| te : tp | ty i LY i s : ty
- ; 1 ] 1 1

i
!
B

—sin et

TR T Ty

i
1
]
]
[
]
]
[
L]
]
i
]
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Signal Space Representation for BRSIE
"= BPSK

2

Decision
boundary
I
Region ‘L Region
Z ’lr zZ,
- | -
-vE, | VEp
= 4 @ b,
Message al Message
point I point
[

m/\ £ ‘(_”\ Ao
_m/ \/ ' _m_\j UJ
% Ty .
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Coherent BPSK Transmitter and Receiver

Binary Non-return-to-zero| 2(0) Product BPSK
data level encoder modulator |~ signal
stream T
7
VT cos(2mf t)
Bl ) . E— ; Say 1, if the threshold
. Produc . . - b ision-making I15 exceeded
signal modulator filter device ,
Sample at Say 0, otherwise
[ time ¢t = 1T, T
2 ; Threshold
L 2
VT, cos(2wf.t)
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BPSK Transmitter and Receiver

'“p": binary .| Spectrum Product | ., Binary PSK
ala shaping filter modulator wave sit)

./ CarrieEr wave

Pp(t) = 'll-"IIT?;, cos (27 fat)

Rectangular
pulse Transmitter

' Receiver

r(t) = ivﬂ% cos (27 f.t + 0) .
! ) Say 1 if threshold

wd e

Say 0, otherwise

T

E cos(anhi40) THeeNN

. Iy, A
"

demodulator
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To generate a binary PSK wave, the input binary sequence in
polar form with symbols 1 and O represented by constant
amplitude levels of +.,/E, and - /E, . respectively.

e This binary wave and a sinusoidal carrier were ¢, (t) (whose
frequency f. n /T, for some fixed integer n.) are applied to a
product modulator, as in Figure 4.2b.

e The carrier and the timing pulses used to generate the binary
wave are usually extracted from a common master clock. The
desired PSK wave 1s obtained at the modulator output.

e To detect the original binary sequence of 1s and Os, we apply
the noisy PSK wave x(r) (at the channel output) to a
correlator, which 1s also supplied with a locally generated
coherent reference signal ¢(t), as in Figure 4.2b.
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e The correlator output, x;, is compared with a threshold of zero
Volts.

If x;, > 0, the receiver decides in favor of symbol 1.

If x. < 0. it decides in favor of svmbol 0.

BPSK Receiver -
.......................... = B
: = | xte de
X() ! Te X Decision Choose 1 if ;=0
E > il dt : > Device o
| ¢ : Choose 0 if x;=0
_________ Correlator
o, (1) Threshold k=0
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A coherent binary PSK system is therefore characterized by
having a signal space that 1s one-dimensional (1.e., N = 1) and
with two message points (1.e., M = 2),

The coordinates of the message points equal

kot
I

Ty T,
J-ﬂ S](f}¢|{f)df 51 = J::'JI Sz(f)d?](!)df
e The message point corresponding to s;(t) is located at s, =

+.,/E, . and the message point corresponding to sx(7) is located at
511 = - \.,I"E_b 5

I

e We must partition the signal space of Fig. 4.1 into two regions:

/. The set of points closest to the message point at. +./E,
2. The set of points closest to the message point at - JE,
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e This is accomplished by constructing the midpoint of the line
joining these two message points, and then marking oft the
appropriate decision regions. In Figure 4.1 these decision
regions are marked Z, and Z, according to the message point
around which they are constructed.

Decision
boundary
I
|
i
1
|
i
Region : : Region
A | A
|
|
—VE, | VE,
& | - Lod!
Message : Message
]

v 1 _ = St
FIGURE 4.1 Signal space diagram for coherent binary PSK
system
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e =
e —_—

BPSK probablllty olemgor — =

Sy = 0 51 (1), (t)dt = 1{Eb
= [s S2 (@O P (1)dt = —,fEb

Desicion Regions

Z,: O(x (oo
Zy:—={x,{0

= [,2 x()@,(1)drt
f,,Ll (KIIU) = J.:F exp[——j%(xl — 321)2}
0
1 1
NS EKP[HE(X‘ * E}E]

Department of Electronics and Communication Engineering




e A

(AUTONOMOUS)
Accredited by NAAG & NBA (CSE, IT, ECE, EEE & ME)

Approved by AICTE, New Delhi and Affiliated to [NTUK, Kakinada
L.B.Reddy Nagar, Mylavaram-521230, Krishna Dist, Andhra Pradesh, India

o LAKIREDDY BALI REDDY COLLEGE OF ENGINEERING

* Probability of error when binary ‘0’ 1s sent and received as ‘1’
o ,I'_ 2
- bl
P 1Jexp[—( = s) ]a’xl

Put Z =21 +1“_{E_"’
Ny
L 2
Py=—r [expl-2)]az
’\/; VB [ Nyg)

* Similarly ‘1’ sent and received ()’

1 E
P —Zpr b
=1 :ze’fc\/ N,

* Total P, 1s average of P,,and P,,
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* Probability of error calculation. In the case of
equally likely (Pr(m_)=Pr(m,)), we have

|
2 — = erf -
:ierf £p
2 J'v{}
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Quadrature Phase-Shift Keying (QPSK)

QPSK — Quadrature Phase Shift Keying

* Four different phase states in one symbol period

* Two bits of information in each symbol

Phase: 0 mw/2 m 3m/2 — possible phase values
Ssymbel= OG- U1 11 [0
Odd and even bits are separated in data sequence
Odd baits are in one channel(In-phase)

Even bits are in Quadrature Channel

Department of Electronics and Communication Engineering
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s:(r)= ,I% cos 279’041‘-1—(215—1)% i
= = g=12 3 and 4
* T'1s symbol duration

* E 1s signal energy per symbol

® There are 4 symbols for1=1, 2, 3, and 4
® Data sequence 10 11 00 10 00

® Odd bits 11010

* Even Bits 01000

Department of Electronics and Communication Engineering
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s;(£)=vE CE}S_(2I' —~ 1)5_\""'% cos(2af.t)—VE sin[(Ef - 1)%}\{% sin(27f,.7)

= VE cod (2i - 1}% & (t)—E Sin[(zf ~ 1);1@ [0 =1 F

¢ (1) = %cos(zfrfcr), Qi<

.=\ ZsinQa 1), 0<t<T

* Which we can write in vector format as
x/fcos(Zz' = 1)%
i—1 2 3 and4

— JE sin(2i - 1)%

Department of Electronics and Communication Engineering
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@ 5,(1) =5u8 (¢ )+ 5,20(1)

i S:] ay(r) =
» Odd bits 11010 > x )
Data sequence 10 11 00 10 00 odd T
&, (1) = Af2IT cos(2=f.1) +)
Binary Polar nonreturn- , QPSK
sequence encoder Py s(r)
cven
* Even Bits 01000 o) o
5, i’
i2 ‘f
(1) = Af 2/T sin(2mf.1)
{ar)

* Block diagrams of QPSK transmitter
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T
LChmseDd.:.,{D L x(D)db,it) dt

T X3 =
X; = .[G I(I]ﬂﬁj (1) dr Threshold = O o
= VE i— )= +w
—s, +W,;, j=12,...N ‘l, "E‘“ﬁ[m‘ ’4] 1
r”;j . fr s 2t ] Decision - - F'._‘E. + w
L T a device 41 '"\, 2 1
$16 In-ph h [
Received L e i Estimate of
SIgnal —— Multiplexer 3= transmitted binary
x(r) sequence
A
o r 2 Decision : 3
)-{\_x j;;. " 1 device o B Ju x(t)dy(t] dt
f e o o llmn . ol
= —VEsinj(2f -~ 1) —| — w;
i1 I_ 4
Threshold = 0 FF
— =
= 4 |— + w»
Quadrature channel | 2

* Block diagram of Coheréirt QPSK receiver.
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I |Input Dibit| Phase of Coordinate of
QPSK Message point
signaling S, -
1 10 /4 o | -
2 00 37/ 4 _JE2 =
5 01 57/4 En | D
4 11 /4 e |
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i
VQPSK (t) = b,(t).VP, cos 2nfct+ b (t)./P, sin 2nfct 0 g‘[:j]?il’}l

—JP.sin2nfct — Amplitude =[S(0}= V2P, 160 L
bo(t)=-1, be{t)=- 1

B T bo(t)=1, be{t) = - 1 1" Quadrant

§()= VP, cos2nfct —
VP, sin 2nfct

S,(t)= —/P, cos2nfet
2 Quadrant ~ — VP, sin 2nfct

T4

—\P,cos2nfct < * /P, cos2nfct

-4
bo(t)= 1, be(t) = 1
31 Quadrant D001 be(l) = 1 34 4" Quadrant
: §,t)= P, cos2nfct +
S;(t)=—VP,cos2mfet ¥ T, [ ; J%ﬁlnzm‘ﬂ
+ /P, sin2nfct 3
4 VP, sin2nfct

Fig. 3: Phasor Diagram of #/4-QPSK Signal
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S4 (1)

(UU) ‘""‘--....
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VE/2 | -VE2
~JE/2 —JE/2
_JEIz | JE/I2
JEIY | P
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10 7/4
00 37/4 90°
0 S57/4 i 01 i1 10
T I I
@ & , ,
11 77/ 4 | |
180° s 0 i
2610 | H6=00 : |
[ ] & I I
Modulation

‘ a7 it
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Quadrature Phase Shift Keying

45" 135° 225° 315°

.

amplitude
=

time
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Input
binary 0 1 1 0 1 o 0 0
sequence R e L o
Dibit 01 Cribit 10 Dibit 10 Dibit OC
Gea)
Odd-numbered sequence 0O 1 1 (]
Polarity of coefficient ;4 — + + -

e IO NN N N N LN N
wiliel N N WP S WA ST N

2]

Even-numbered sequence 1 ] 0] Q
Polarity of coefficient s + e g -

e AN N N R S,
MEETTNGT ANE Nt N N NS ST

()

AN AN WA AN AW AN AWAY
AAVALV\VALVALVAL VAV AR
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» Bandwidth of BPSK signal, BW= 2f,

1
where f, 1s input bit rate and T, =— 15 one bit duration.
b
» In QPSK, two wavetorms forms the baseband signal, In-phase signal

b,(t) and Quadrature signal b (t).
# One bit period for these signal 1s T,=2T,,

» Bandwidth of QPSK signal is

2

ieaacaznk

5
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e —

e

%canmake the following conclusions:
1. The carrier phase changes by ~180° whenever both the

in-phase and the quadrature components of the QPSK
signal change sign (01 to 10)

2. The carrier phase changes by ~90° degrees whenever the
in-phase or quadrature component changes sign (10 to
00 — in-phase changes, quadrature doesn’t changes)

3. The carrier phase is unchanged when neither the in-phase
nor the quadrature component change sign. (10 and then
10 again).

Conclusion: Situation 1 is of concern when the QPSK signal is filtered during
transmission because the 780 or also 90 degrees shifts in carrier phase
might result in changes in amplitude (envelope of QPSK), which will cause

symbol errors

Department of Electronics and Communication Engineering
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» Whenever both bits are changed simultaneously, 180"
phase-shift occurs.

* At 180" phase-shift, the amplitude of the transmitted
signal changes very rapidly costing amplitude
fluctuation.

* This signal may be distorted when 1s passed through
the filter or nonlmear amplifier.
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Conclusions

* QPSK is capable of transmitting data twice as faster as
BPSK with the same enerqgy per bit.

e QPSK has half of the bandwidth of BPSK.

e Since one symbol of QPSK consists of two bits, we have E =
2E,
e Symbol duration T = 2T,

e Used in Wireless Communications

Department of Electronics and Communication Engineering
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QPSK Probability ofefror... ==

* We can treat QPSK as the combination of 2
independent BPSK over the interval T=2T

* since the first bit is transmitted by ¢, and the second
bit is transmitted by ¢..

* Probability of error for each channel is given by

& lerf diz lertc =
3 1A \ 2N0
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¢ [t symbol is to be received correctly both bits must be
received correctly.

* Hence, the average probability of correct decision is

given by P.=(1-PY
* Which gives the probability of errors equal to
Bl B Erb = lﬁrfc2 =
21’V0 4 21V0

~ erfi £
=]
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¢ Since one symbol of QPSK consists of two bits, we

havel DI, -
Pe(per symbol) ~ erf{ = J
V Mo

* The above probability is the error probability per
symbol. The avg. probability of error per bit

Pe(per bit) = %Pe(per symbol) ;erﬁ{ ib J
X0

* Which is exactly the same as BPSK..
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}-M—array ESK

* At a moment, there are M possible symbol values
being sent for M different phase values,

0, =2(i-1)x/M

2F ' 27
— l—peod 2 1 — A7 1}I i—1 7= A
1/T {@; 2 )] .
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‘M-array PSK

* Signal-space diagram for
octaphase-shift keying
(i.e., M =8). The decision
boundaries are shown as
dashed lines.

» Signal-space diagram
illustrating the
application of the union
bound for octaphase-shift

keying,
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* Bandwidth efficiency:

* We only consider the bandwidth of the main lobe (or
null-to-null bandwidth)

B—g— e
I' TylogyM logy M

b Bandwidth EffiCiE‘IlCY Df M-EII“Y PSK is giVE‘Il by
e b] M=05] M
0g | D 1089
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* Power spectra of M-ary PSK signals for M = 2, 4, 8.

Sp(fV2E,

Normalized power spectral density,

o
(=

2.0

1.0

T.f

Normalized frequency
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fBJnarVFSK e —_—

¢ Transmitted signals are ‘ VARAA'AN ” AVAVAL
[ br,
cosi2af:t) O<ft=1;
nO-1{ 5, "9V :

0. elsewhere

L

* Where

B

g =1
1p
* Two binary values represented by two different

frequencies which are orthogonal to each other

* The signal points S,(t) and S,(t) can be expressed as:
i S(t) =5,,6,(0) + s,8,(0) fori=1,2 Osr=71
where @,(1), ¢.(t) orthonormal basis functions
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»Here two orthonormal basis functions are }eqﬁir_ea_ to represent s,(t)
and s,(t). They are written as for i=1,2

2

1#% cos(2nfjt), O0<t<Ty $1(t) = V1, €°° (27 f1t)
: 2

0. clsewhere  P2(t) = T (27 fat)

* As aresult, the signal vectors are

° Si(t) =5,,0,() + s,4,(1) fori=1,2

¢; (1) =

25
* S (t) represented symbol “1”. s1(t) = \f?: cos (27 f1t)
* S,(t) represented symbol “0”. sl = \/quﬁl(t}

s2(t) = \/% cos (2m fat) -
D 0 vEp
s2(t) = \/Epeo(t)
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Since f; is multiple of 1/T, the wave always
starts from and ends at the same point.

.
L

. .
N

e

Decision
Sl boundary b [
Y Y G
e . .,
HE’E'DH \\ Message -7
2 '\rh',,f)\\?\-::inl my
4 e, 28 : . . o .. i
/ /’” ,\f\\ MeEass With this multiple-(1/T;) restriction. it
< I m “ : e
- i \f\‘”“t 1 s, becomes “continuous-phase™ in every
o ® N 5. s P -
/,f”«.f;—;,, g inter-bit transition. Such kind of forced
S “continuous-phase™ signals, known as
Sunde’s FSK, surely belongs to the general
Begin continuous-phase FSK (CPFSK) family.
=4
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Binary FSK-Transmitter

;- transmitted frequency with separation ar=r -5
ar is selected so that s1(t) and s2(t) are orthogonal

to each other T3
/D * i e G =0

mit) B

b (t) = *-.|||' p cos(2xf,t) +

Binary On-off Binary
data —— lewvel —a | E H— FSK
equence encoder signal

s(t)

—=— Inwverter
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Coherent Binary FSK" recewer

» Receiver
Xy = x{tltf-v (t) dt
Ty Xy o
f dt
o
+ v S 3= Choose 1 ify =0
x(t) ——e (1) D:c:l_smn
- evice | s Chocse O ify <O
Th _
j,;, X2

Threshold = 0O

Ty T
Xy = j x(t)pt) dt = L x(D)g;(1)dt
(b) y =5, + w,, Pl 2 g ¥
The output v = x, - x,, The decision boundary 1s characterized by the
hnewith x, -=x, — 0
If x, - x2 = O(the received signal point lies 1n region Z,) . the decision
device makes a decision of 1)

bt

If x; - X, < O (the rece1ved signal point lies 1n region Z,) .the decision
device makes a decision of 0.)
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m [f the signal (s|) was transmitted, the outputs x, and
X,of the correlators can be expressed as:

X —I IE r—C{E(Zﬂ'?‘ f)dr = /7

V.
T.\Hl sz M(zﬂ‘m)\!% C‘:S(zﬂ"f;r.‘)drz 0

m [f the 51gnal (s,) was transmitted, the outputs of the
correlators can be expressed as:

r |2E, &
D .VI' T Lﬂﬂ(Q;’l’}‘z?‘)\lT—cﬂ%(Z.?rfz‘)dz‘—U

Lm(Q;'r 7 r)

X, —

|

R T I T
X, —ID \ll T L{}&(Zﬂ'fzf)\’?ﬂ—bL-D&(Zﬂ'flf)cff—
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BESKPreba bi{i't‘y=9££_rr’gl_ B e / '

Gaussian random variable Y whose sample value y
1s equal to the difference between x;, and x,;1.e., y =X, — X,

The mean value of the random variable Y depends on which
binary symbol was transmitted.

Given that symbol 1 was sent, the Gaussian random variables X,
and X,, whose sample values are denoted by x, and x,, have
mean values equal to VE, and zero, respectively.
Correspondingly, the conditional mean of the random variable Y
given that symbol 1 was sent 1s

E[(Y|1] = E[X,|1]1-E[X;|1]

:+JE}
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* Given that symbol 0 was sent, the Gaussian random variables
X, and X,, whose sample values are denoted by x,; and x,,
have mean values equal to zero and V E,, respectively.
Correspondingly, the conditional mean of the random variable
Y given that symbol 0 was sent 1s

E[¥|0] = E[X,|0]-E[X,|0] = —[E,
* The variance ot the random variable Y is independent of
which binary symbol was sent.

* Since the random variables X, and X, are statistically
independent, each with a variance equal to N,/2, 1t follows

that var[Y] = var[X,] + var[X,]

Department of Electronics and Communication Engineering



R LAKIREDDY BALI REDDY COLLEGE OF ENGINEERING

(AUTONOMOUS)
Accredited by NAAG & NBA (CSE, IT, ECE, EEE & ME)

Approved by AICTE, New Delhi and Affiliated to [NTUK, Kakinada
L.B.Reddy Nagar, Mylavaram-521230, Krishna Dist, Andhra Pradesh, India

‘@uppose we know that symbol 0 was sent. The conditional
probability density function of the random Vamable Y 1s then

given by £3]0) = . (¥ +J—l]
/-Thh

* Since the condition x; > X, or, equivalently, y >0 corresponds
to the receiver making a decision in favor of symbol 1, we
deduce that the conditional probability of error given that
symbol 0 was sent 1s =

pm = P(y > 0|symbol 0 was sent) = jﬂf}rl}‘lﬁl dy

2
[xe p[ ["HJE;}} }d_\r

2N,

;‘21‘:N

0 2

oLet 7 J—h = 7 then pyp = % f EKP(—‘% | dz
2N, " JB2N, -

Department of Electronics and Communication Engineering




2= LAKIREDDY BALI REDDY COLLEGE OF ENGINEERING

3 ..ﬂ (AUTONOMOUS)
Accredited by NAAC & NBA (CSE, IT, ECE, EEE & ME)

Approved by AICTE, New Delhi and Affiliated to [NTUK, Kakinada
L.B.Reddy Nagar, Mylavaram-521230, Krishna Dist, Andhra Pradesh, India

* Similarly, we may show the py;, the conditional probability of
error given that symbol 1 was sent.

* Accordingly, averaging p,, and p,; and assuming
equiprobable symbols, we find that the average probability of
bit error or, equivalently, the BER for binary FSK using
coherent detection 1s

1 E
P, —=—er b
2 2Ny
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* Euclidean distanceis djs =./2E} |
* In case of P (0)=P_(1), the probability of error is given by

1 d; 1 E
P, =—¢xtc sz P, =—er 2
2 24Ny o \ 2N,

* Probability of error P, of BFSK system is more than the
BPSK system.

* We observe that at a given value of P_, the BFSK system
requires twice as much power as that BPSK system.
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Power Spectral density of BFSK

¢ Finally, we obtain Sp(f)=Spr(f)+Spo(f)
1.0 =
Binary PSK _ 8EpT) cos” (7Tp 1)
B8O = 2l i
i T (4Tb e 1)_
i Delta function
I (part of FSK spectrum) e PSD Df BFSK 1is ]'.ﬂvE'I'SEI}’
proportional to fourth power
o i of frequency

Normalized power spectral density, S(f)/2E,

g .
Normalized frequency
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differential PSK (DPSK)
* DPSK can be viewed as the non-coherent version of

PSK

* Phase difference between two successive bit intervals is
iIndependent of theta

* Phase synchronization is eliminated using differential
encoding

¢ Differential PSK

e Instead of finding the phase of the signal on the interval
0<r<T, This receiver determines the phase difference
between adjacent time intervals.

e If “1” 1s sent, the phase will remain the same
e If “0O” 1s sent, the phase will change 180 degree.
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The relationship between the binary sequence and its deferentially encoded version is shown
in table for a assumed data sequence00100100111.

Binary Data (8] o 1 o o 1 o o 1 1

Differentially 1 O 1 1 () 1 1 O 1 1 1
Encoded Data

Phase of DPSK 0 T O Q T 0 0O 1T Q O 0

Shifted 1 O 1 1 O 1 1 O 1 1
Differentially
encoded Data
g1

Phase of QO T 0 0 T O C T Q 0O
shifted Data

Phase - - + - - + - - + -+
Comparision
QOutput

Detected (a] 0 1 0 0 1 o 8] 1 1
_Binarv Seq.
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®* Or we have binary “1”

5,(2) = 1

E

2?2':05(2?3'](;?); O=r=1
Eb

cosldn iy oo OF
b

L.

* And binary “0”

iy .

E,

cos{2afi): O<f-T

b

iCDS(zi’rﬁf—i—ﬂ'); I <t=2T
Aor
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e

_____,_,d—ﬂ""
ﬂ dj. = bkdk 1 @bkdk 1
Binary PSK modulator
] |
ks Logic (dy) I Amplitude Product | DPSK
binary > 3 > >
sequence network | level shifter modulator | signal
b } | |
e S e S AT e sy
{di 4}
\ 2/T;, cos (2nf.1)
Delay
Ty

Block diagram of a DPSK transmitter.

* Exclusive-NOR logic
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DPSK: Recelver

Phase t = o — ek = = =
Ty
b dr g
%
cos (2m f.t) Delay
Ih
vl S B - Say 1ify >0
i - s aylify>
(1) — phase ;‘/,—L\\ D;EI..SIDI'I
shifter N evice T
+ A
Delay 1
- = TD
mae I Threshold = 0
"'h Y i,
dit 5 b7
Jy ()

Quadrature channeal

Block diagram of a DPSK receiver.

Department of Electronics and Communication Engineering



2= LAKIREDDY BALI REDDY COLLEGE OF ENGINEERING

3 ..ﬂ (AUTONOMOUS)
Accredited by NAAC & NBA (CSE, IT, ECE, EEE & ME)

Approved by AICTE, New Delhi and Affiliated to [NTUK, Kakinada
L.B.Reddy Nagar, Mylavaram-521230, Krishna Dist, Andhra Pradesh, India

® In this case, we have 7=27, and E=2F,

* Hence, the probability of error 1s given by

1 E
- expl- Tb
> ﬁ“o

Detecting regular BPSK needs a coherent detector,
requiring a phase reference

DPSK needs no such thing. The only reference is the
previous bit which is readily available
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