CSE4214 Digital Communications

| Chapter 4

| Bandpass Modulation and
Demodulation/Detection

| Bandpass Modulation

I Baseband transmission is conducted at low
frequencies

Passband transmission is to send the signal at high
frequencies

Signal is converted to a sinusoidal waveform, e.g.
s(t) = A(r)cos[wyt + (1) ]

where w, is called carrier frequency is much higher than

the highest frequency of the modulating signals, i.e.
messages

Bits are encoded as a variation of the amplitude, phase,
frequency, or some combination of these parameters.
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Bandpass Examples
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Phasor Representation of a
Sinusoid

Phasor Representation of Sinusoidal Signals

= Using Euler identity

/™ = coswyt  +j sin wyt
= Ny
Inphase (I) Component  Quadrature (Q) Component

+ The unmodulated carrier wave c(f) = cos(w, ?) is represented as a unit
vector rotating in a counter-clockwise direction at a constant rate of e,
radians/s.

Imaginary
(quadrature)

y radians/s N

-

e Real
{inphasa

Amplitude Modulation (AM)

A double side band, amplitude modulated (DSB-AM) signal is represented by

s(t) = coswyt - (1+cosw, t)
where c(f) = cos(w?) is the carrier signal and x(f) = cos(w,,?) is the information bearing signal.
An equivalent representation of DSB-AM signal is given by

5(1) = coswyt *[1+1 (7" +e7n")] 1
=Rejp’™" '[1+%(eju)m1 +e'f‘”~’)]J
The phasor representation of the DSB-AM signal is shown as

Quodrature

Inphase

The composite signal rotates in a counter-clockwise direction at a constant rate of w, radians/s.
However, the vector expands and shrinks depending upon the term w, 1.
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Frequency Modulation (FM)

A frequency modulated (FM) signal is represented by
s(t) = cos[wot +k; x(t)dt]
Assuming that the information bearing signal x() = cos(w,,?), the above expression reduces to
ko
s(t) = cos|wyt + —=sin(w,, )
k . . . |k .
= cos(wot)cos(ﬁsm(wmt))— sm(u)ot)sm(ﬁsm(wmt))
For narrow band FM
. . kf
5(t) = cos(wyt) - Bsin(wyt)sin(w, 1), f=z-<<1
_ Jawgt B Jwgt Jjaw,t — jo,t
_Re{e v =5e™ [%6 —%e ]}

- Re{ej“"" [1 + Lol B gmIont ]} 9

Frequency Modulation (2)

» The phasor representation of a narrowband FM signal is given by

s(t) = Re{e"””' [1 + %ej"’”’ — B omiont ]}

2
» The phasor diagram of the narrowband FM signal is shown as

Quadrature

Inphase

« The composite signal speeds up or slows down according to the term w,1.

10

Phase Shift Keying

The general expression for M-ary PSK is
s; ()= 27“‘ cos[wot + ¢l-(t):| O<t=<T,i=1,..,.M

where the phase term ¢,(¢) = 2mti/M.
The symbol energy is given by E and T is the duration of the symbol.
The waveform and phasor representation of the 2-ary PSK (binary PSK) is shown below.

Analytic Waveform Voctor
w) = \/2; cOos (ngf « 2ni/M
=12 ..M
0stsT

1

Frequency Shift Keying

+ The general expression for MFSK is
s; (1) = %cos[w,.t+¢:| O<t=<T,i=1,..,.M

where the frequency term w;, has M discrete values and phase ¢ is a constant.
The symbol energy is given by E and T is the duration of the symbol.

+ The frequency difference (w;,, — w,) is typically assumed to be an integral multiple of 7t/T.
The waveform and phasor representation of the 3-ary FSK is shown below.

vl

Iap

2E

)= -V"_

in1,2..M
0<st<T

cos (wt +9)

12
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Amplitude Shift Keying

« The general expression for M-ary ASK is

5,(1) =252 cos[ wyt + @]

where the amplitude term

O<t<T,i=1,....M

2E,(1)
T

has M discrete values and frequency @, and phase ¢ is a constant.
« The waveform and phasor representation of the 2-ary ASK (binary ASK) is shown below.

Amplitude Phase Keying

The general expression for M-ary APK is

5= cos[wt+@(1)]  O0s=t<T,i=1..M
where both the signal amplitude and phase vary with the symbol.

The waveform and phasor representation of the 8-ary APK is shown below.

i) = \/2"‘1'_'"‘ cos (ol + ) M=2
!
i=1,2..M "
05tsT 82 sy
13
. . . . .
Detection of Signals in Gaussian Noise
Decision Regions:
—  Assume that the received signal r(7) is given by
r(t)=s,(t)+n(t) symbol 1
r(t)=s,(t)+n(t) symbol 2
—  The task of the detector is to decide which symbol was transmitted from r(z).
—  For equi-probable binary signals corrupted with AWGN, the minimum error decision rule is
equivalent to choosing the symbol such that the distance d(r,s;) = [|r — s,|| is minimized.
Procedure:
1. Pick an orthonormal basis functions for the signal space.
2. Represent s,(f) and s,(¢) as vectors in the signal space.
3. Connect tips of vectors representing s,(7) and s,(?).
4. Construct a perpendicular bisector of the connecting lines.
5. The perpendicular bisector divides 2D plane in 2 regions.
6. If r(r) is located in R1, choose s,(¢) as transmitted signal
7. If r(¢) is located in R2, choose s,(¢) as transmitted signal
8. The figure is referred to as the signal constellation 15

Wit
14
Detection of Signals in Gaussian Noise (2)
yalt)
Scatter values - [ —s2ll
ols;#n ‘71_1:» — r=s;+n
 Scatter values
=" ofsy+n
- wiitl
Region2
Reg:or;\l—’\“«__n 16
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| Correlator Receiver for M-ary Transmission (1)

Approach 1: Use correlator implementation of matched filter.

Reference
signals
sy(t) Decision
)
0T -J rifwyl s stage
.-] 0
.
. Comparator
) = 5,00) ¢ Rit) —o - X . "l’:‘;h"”” T
syl max z,(T)
I
T -J g\t
o 0
s 3

Decision Rule: Use signal s,(¢) that results in the highest value of z(¢).

17
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|

Coherent & Non-Coherent
Detection

l Correlator Receiver for M-ary Transmission (2)

Approach 2: Use Basis functions {y,(#)}, 1 <=i <= N, N <= M, to represent signal space

Reference
signals
v Decision
-7
l afT) = | rityltras s d
T do
@], |
f Logic circuit
selocts »,(0)
whose
ity maft) e nif) —e COMPONENES e 5, (1
a;; best
. match
N<M 2n(t) = f Pt gn 0t 2T
0

Each signal s,(¢) is represented as a linear combination of the basis functions
5;(O) = a1 () + apr )+ +aypy (@), 1=sisM
Decision Rule: Pick signal 5,(#) whose coefficient a; best match z(7). 18

| Definitions

the carrier's phase to detect the signal
Require expensive and complex carrier recovery
circuit
Better bit error rate of detection

Non-coherent detection — the receiver does not utilize
phase reference information

Do not require expensive and complex carrier
recovery circuit

Poorer bit error rate of detection

Differential systems have important advantages and
are widely used in practice 2

| Coherent detection — the receiver exploits knowledge of
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| Coherent Receiver

Carrier recovery for demodulation

r(t) = Acos(w, t + @) +n(t)
cos(w,t + Q)

Carrier recovery — phase lock loop circuit

Received signal
Local carrier

Ap=¢-¢—0
Demodulation leads to recovered baseband signal
Y(#)=s(+71)+n()
Timing recovery for sampling

Align receiver clock with transmitter clock, so that sampling = no ISI

Y, =s,+n,

| CSE4214 Digital Communications

' Coherent Detection

| Non-Coherent Receiver

No carrier recovery for demodulation
r(t)=Acos(w.t+@)+n(t)
cos(w,t + Q)
No carrier recovery
Ap=¢=9-¢=0
Demodulation leads to recovered baseband signal
Y(t)=s(t+7)e’ +n(1)

Timing recovery for sampling

Received signal
Local carrier

Align receiver clock with transmitter clock, sampling results in
Y, =s.e"+n,
could not recover transmitted symbols properly from Y,

| Binary PSK (1)

o

In coherent detection, exact frequency and phase of the carrier signal is known.
Binary PSK:
1.

The transmitted signals are given by

s(8) = \/?cos[u)ot + ¢1
51(1) =\/¥cos[wot+¢+n1 O<t=<T

=2 cos[wyr+9] 0srsT

O0<t=<T

Pick the basis function
Py (1) = \/%cos[mot + q>], O0<t<T

Represent the transmitted signals in terms of the basis function
510 =VEW; 1),
$,(1) = —\/Ewl(’),

24
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Binary PSK (2)

4. Draw the signal constellation for binary PSK

W)

5. Divide the signal space into two regions by the perpendicular to the connecting line
between tips of vectors s1 and s2.

6. The location of the received signal determines the transmitted signal.

M-ary PSK (1)

M-ary PSK:
1. The transmitted signals are given by

sl(t)=\/?cos[m0t+%] Ost=T,i=1,...M
2. Pick the basis function
Y, (1) = \/%cos[wot], O0<t=<T
Y, (1) = \/%sin[wotl O<t=<T
3. Represent the transmitted signals in terms of the basis function
5;(0) = ap (1) + apy, (0),
=VE cos(%)q;l(t) + \/Esin(%)pz(t),

i=l..,M

25
4. Draw the signal constellation for MPSK. The following illustrates the signal constellation
for M=4.
5. Divide the signal space into two regions by the perpendicular to the connecting line
between tips of signals vectors.
6. The location of the received signal determines the transmitted signal.
7. Note that the decision region can also be specified in terms of the angle that the received
vector makes with the horizontal axis.
27

26
Coherent Detection: M-ary PSK (3)
Vit = J; COSs wpf
T .
/{\ I-TI X» I”' rityyyl) dt
O]
)= yiit) = 'Jg Sin ol "ﬂ“‘.)\’* > CI‘;mp:IuHscn':sz:i e
o]
I;)l Y I..'""V""‘“
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