Bandpass communication
and the
Complex Envelope
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Complex Envelope

*Review sections 4-1 to 4-4 in the text
look at the complex envelope representations in
table 4-1
*be able to calculate or find:
scomplex envelope of a waveform expression
ecalculate the signal power
calculate the PEP
«define Modulation
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Some Definitions

A baseband waveform has a spectral magnitude that in
nonzero for frequencies in the vicinity of the origin (i.e. f=0)
and negligible elsewhere.

A bandpass waveform has a spectral magnitude that is
nonzero for frequencies in some band concentrated about a
frequency f=+/- f_ where f_ is much greater than zero.

Modulation is the process if imparting the source information
onto a bandpass signal with a carrier frequency f, by the
introduction of amplitude or phase perturbations or both. The
resulting bandpass signal is called the modulated signal s(t),
and the baseband source signal is called the modulating signal
m(t)
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Figure 4-1 Bandpass Communication system.
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Complex Envelope

Theorem: Any physical bandpass waveform can be represented by:

s(t) = Re{g(t)ej“’°‘} Re{e} denotes real part
g(t) = complex envelope of s(t)
f. = carrier frequency, w, = 2af_

g(t) = x(t) + jy(t) =|g(t)e*® = R(t)e’’"
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Complex Envelope

g(t) = x(t) + jy(t) =[g ()" = R(t)e’"™
x(t) = Re{g(t)}=R(t) cos(6(t))
y(t) = Im{g(t)}= R(t)sin(6(t))

R() =00 =X + Yy’

_ /g(t) = tan-Y| YO
O(t) = Zg(t) = tan (x(t))

s(t) = x(t) cos(a.t) — y(t)sin(a,t) = Re{g (t)ej“’C‘}
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Complex Envelope
g(t) = x(t) +jy(®)
x(t) is the “I" or In phase modulation
y(t) is the *Q” or Quadrature modulation
R(t) is >=0 and determines the signal power
g(t) = g[m(t)]
gle]is the mapping operator for m(t)

g[ ] function determines the bandpass modulation type

MONTANA

STATE UNIVERSITY

Mountains = Minds

Complex Envelope- Vector Modulator

s(t) = x(t) cos(@,t) — y(t)sin(e,t) = Relg(t)e™ |

x(t) |

nal

sig
m(t) > > processor

s(t)

All modulation types may be generated using a vector modulator
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Complex Envelope: time and frequency domain

Bandpass waveform :

v(t) = Refg(t)e’™ |
Spectrum :

V=2t - 461 - 1)
PSD :
Pv(f)z%[Pg(f ) 4P (- f - 1)
Power :
9 < 1 2
P, =(v*(t)) = j P,(F)df = R,(0) = >(Ja(0))
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Complex Envelope, of various modulations

TABLE 4-1 COMPLEX ENVELOPE FUNCTIONS FOR VARIOUS TYPES OF MODULATION?

Cor ing (
Type of Mapping Functions
Modulation glm) x(r) yie)
AM ALt m(n)] Acfl+m()] 0
DSB-SC Acm(t) Acm(r) 0
PM Al Accos[Dpm(t)] Acsin[D,m(t)]
Py ! ; ’
™M A eI wmter) da A cos [D, j m(o) do ] A, sinl:[)_, J Vll(ll)ll()}
- -
SSB-AM-SC®  A.[m(r) £ jim(r)) Acmlt) +A (1)
SSB-PMP A @i PAm = jitn)) Ape D) cos[Dym(r)] Ace ZPm0 sia [Dyn(t)]
. .
SSB-FM? A Pl @ jm )l AeF DA m&[l)r f m{o) an Ace =0 s sin| D, f m(a) 4/:1]
A o
SSB-EV® A, e n[1+m(O]= |1 +m(e)l) AL+ m(0)] cos{la{t +m(r)]} A, (1 +m(0)] sin (i [1 +m(e)]}
SSB-$SQb A (/2] vt g Ol AN+ m(r) cos{d 1A[1+m(1)]} A1+ m() sin{d W[ +m(1)]}
om AcLm (1} + jm(1)] Acmy (1) Acma(1)
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Complex Envelope, (R 60), of various modulations

TABLE 4-1 COMPLEX ENVELOPE FUNCTIONS FOR VARIOUS TYPES OF MODULATION (cont.)

Corresponding Amplitude and
Phuse Mudulation

Type of -
Modulation ’ Ru) o Linearity Remarks

0, > -
AM Al + m(1)] ‘ - "’,'.i'l)) <fl Le m(t) > —1 required for envelope

detection
0, m(t) >0 .
B- . slec
DSB-SC Acm{n)] { 1805 m(n <0 ) L Coherent detection required
PM A, Dy, m(r) NL D, is the phase deviation constant
(rad/voll)
.
FM A, Dy f m(c) do NL Dy is the frequency deviation constant
= (rad/volt-sec)
SSB-AM-SC® AN[m()] + [ (D)2 1an~[m (1) /m(2)] L Cuherent detection required
SSB-PMP A et Dpit) Dpm(1) NL
., '
SSB-FM® A e*Dil i ta)do Dy I m(o) do NL
SSB-EVh A1 +m()} © A+ m(1)] NL m(1) > 1 is required so that In(-)
- will have a real value
SSB-SQ® AN + mit) 5 /[ +m(1)] NL m(1) > =i is reguired so that in{-)
o will have u real value
oM ANy (1) + m3 (1) tan [ (£} /my (1)) L Used in NTSC color television; requires

coberent detection

e e L e Mo et (e the —90°
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DSB-SC
and AM
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DSB-SC — section 5-1 in the text

This is AM without the Carrier

All of the power in the PSD is dependent on the
information ->m(t)

The modulation efficiency is 100%
Synchronous demodulation is required

m®|<1 me s(t) = Am(t)cos(2xf t)
<m(t)2_> <1 g(t) = Am(t) pre -envelope
cos(27f t)
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DSB-SC — Spectrum

s(t) = Am(t) cos(2xf.t)

g(t) = Am(t) pre -envelope |m(t) <1|, (normalize d m(t))
G(f)=AM(f)

S(f):%[M(f —f)+M(f+f)]
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DSB-SC —

Signals

Waveforms
1
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Volts peak
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DSB-SC — Signal

DSB-SC Voltage Spectrum
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AM — section 5-1

g(t) = A.[1+m(t)] pre - envelope
s(t) = A.[1+ m(t)]cos(2xf t)

Im(t) <1 (m(t)*)<1

% modulation =
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Amax — Amin 100
2A,

_ max[ m(t)] — min[m(t) 100
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AM — section 5-1 in the text
s) =2 (o[ )= A+ mF)
= 2K+ (M) + 2 A (m(o)?)

= Carrier + Carrier shift + Sideband
for 0 mean, (m(t))=0:

<s(t)2> = Carrier power + sideband power
_ 1 2 1 2 2
=2 A+ A m(0)?)
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Figure 5-1 AM signal waveform.

s(t) = AL+ m(t)]cos(wt) physical wavform
g(t)= Aft+m(t)] envelope determines the power

m(1)
l/\ N
1 v

(a) Sinusoidal Modulating Wave

(b) Resulting AM Signal

M Dlg%%% Systems, Seventh Edition ©2007 Pearson Education, Inc. All rights reserved. 0-13-142492-0

Mountains = Minds

10



Mathcad AM signal waveform, u=50%

fin = 1KHz Modulating frequency A, =1 Modulating amplitude
f. = 10KHz Carrier frequency Ac=1 Carrier amplitude
Ham = 0.5 AM modulation index

m(t) = Am-cos(}n-fm-t] c(t) = Ac-cos(ln-fc-t)

g(t) = Ac-(l + uam-m(t)) sap( = (1 + uam-m(t)]-c(t)
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Mathcad AM signal waveform u=0.5

AM Modulation Index: Moy = O 5
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Volts

Mathcad AM signal waveform p=1

AM and Envelopes
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AM — Power and modulation efficiency
(5°®) = 2 (°0) = A (e o)
= %2<1+ 2m(t) +m?(t))

A R o)+ A ()

= Carrier power + power shift in carrier + sideband power
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AM — section 5-1

s(t) = A.[1+ m(t)]cos(2xf_t)
real envelope : R(t) = g(t) = A [L+m(t)]
Im) <1 (m(t)*) <1

%modulation = AWZ;ACA""‘”NO
_ max[ m(t)] — min[m(t) 100

Figure 4-2 Spec{:trum of AM signal.
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(a) Magnitude Spectrum of Modulation
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(b) Magnitude Spectrum of AM Signal
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AM — section 5-1 in the text

 use your class notes and review section
5-1 in the text.

 also review chapter 4 for AM detection
and the superheterodyne receiver.

* AM is used for commercial broadcasting
in order that low cost envelope
detection may be used.
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Bandpass Digital Signal
Examples on board...
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Asymmetric Sideband Signals
USSB, LSSB, VSB

EELE445-13
Lecture 27
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Figure 5-4 Spectrum for a USSB signal.
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Figure 5-5 Generation of SSB.

Baseband processing
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Figure P5-12 Weaver’'s method for generating SSB.
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Single Side Band- Phasing Method

m(t)
(W— g(t) = m(t) + M(t)
T )
Hiu()
MONTANA
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Single Side Band- Phasing Method
M(f) M(f)=H,(f)M(f)

< i > < 0 » f
0 -1

G(f)=M(f)+M(f)

1A
> f

0
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Single Side Band
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Single Side Band
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Single Side Band
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Single Side Band
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Single Side Band
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Single Side Band
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Figure 5-5 Generation of SSB.
Baseband processing
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Single Side Band
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Figure 5-6 VSB transmitter and spectra.
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