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Chapter Two

Analog Modulations and Demodulations




Section A

Amplitude Modulations and Demodulations




AM-DSB-SC Modulation

Expressions:

5:(t) = A;cos(2nf;t) = A;cos( ;1)

s(t) = A.cos(2nf_t) = A_cos(w_t)

S ym—dsh—sclf) = A;cos(®; 1) A .cos(®,_1)

Sam—dsb—sc ( t) -

Modulator:

s, (1)
Information
Signal

2

C

( cos( @, —m; )f + cos( o, + ®; )t )

5,.(1)

Carrier Wave

Sum-d&b-xc (t)
Modulated Information
on Carrier

AM-DSB-SC SIGNAL CARRIER WAVE

INFORMATION
SIGNAL

Magnitude

5%
b ™

Magnitude

Magnitude

Information signal is a baseband signal;
a sum of sinusoids

>

Frequency (kHz)

Carrier signal is a pure sinusoid, at a much
higher frequency

>

=%

A

3
1

/,

c

Frequency (kHz)

Modulated signal has two frequency components:
an Upper Sideband and a Lower Sideband

'

>

I, I 14,

C

Frequency (kHz)

Amplitude Amplitude

Amplitude
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AM-DSB-TC Modulation Slide 4 of 30

Modulator:
s.(1) S (1)
i _’ am-dsb-tc
Information + Modulated Information
Signal on Carrier % A
T = - Information signal is a baseband signal;
<< O ° ; )
i 2 1+ a sum of sinusoids ks
Ar) Se () O T i =
; : oOwn o
Modulation Carrier Wave L © £
Amplitude Zz = . p <
. . o Frequency (kHz)
Expressions:
A Carrier signal is a pure sinusoid, at a much
% higher frequency ©
— _ 2 A4 3
s;(t) = A;cos(2nf;f) = A;cos( ;) s | g
= - . > <
i)

AM-DSB-TC SIGNAL CARRIER WAVE

— _ 2
Sc(t) - AC COS( an;',’ t ) - AC COS( OJC 4 ) Frequency (kHz) information envelope
Modulated signal has three frequency components: '-um-{mn-u (@)
o4 A an Upper Sideband, a Lower Sideband and a Carrier ¢
'g o 'g
_ T A.4 =
S gm—dsh—tcl D) = [AoJrAicos(mjt)}Accos(coct) § L rlf‘ . g
I f, £ 1A,
Frequency (kHz)

Sam—dsb—rr:(r) - Ao |: 1+ }‘?ICOS( (1)!- t ) JACCOS( m,; f)

A A m - : . —
= A,A cos(m.t) + —026 (cos( ®,.—; )t + cos( W+ ; )t ) AM Modulation/index: m A



AM-SSB Modulation Slide 5 of 30

Expressions: 3 A 5. (0
= 2 Information signal is a baseband signal
< 8 @
% = —E { = (a sum of sinusoids) g A~ /\
— x9 &5 —-| bandwidth f Hz = _— >
= Owm & I Ly —
s, () = 5.(0) me[sc(r)] F 5,(0) Sm[sc(t)] 55 3 . I
- J'fh Time
Frequency (kHz)
f— f— A Carrier signal is a pure sinusoid, at a much
s;(t) = A;cos(2nf;t) = A;cos(w; 1) e s 2 pum sinusoi,
=S 24
_ b - . Q -m
s.(t) = A_cos(2nf 1)+ A sm(2nft) = A.cos(w_ 1)+ A sm(w, ) ; >
i
2 Frequency (kHz)
2
— : : g . . (1)
hY 1) = A.cos(m.ft) A cos(m_t A.sm(w:f)A4 sm( ot ) S A The AM-DSBE-SC signal contains two frequency ry ALt
am_SSb( ) L ( L ) £ ( ¢ ) :F ? ( z ) ¢ ( c ) w El g components: an Upper Sideband and a Lower Sideband %
§ z a4,4]  — E
- . E‘ & 3 bandwidth Zjh Hz,l-—-m ’ g_
_ I C = — " — )
S am—ssp(E) = 5 ( cos( W, —; )t + cos( W, + W, )t) [ty [ [, Time
] o Frequency (kHz)
k=]
=2
A. A “ % A For AMSUSB, modulated signal contains only one A S am-sass (¥
:F ?.2 C ( COS( ﬁ)c . (!)I- )t . COS( (DC 1 (DI- )I_ ) g § = frequency component, appea:n_g:s an Upper Sideband g
DG A o =
=S c bandwidth f, Hz r;_f‘
< ’ 5
Modul . fo T,
O U atO r. © Frequency (kHz)
(inphase) S(m-m; (I) 'g
x ’ t —’ Modulated Iﬁ?onnation % ‘ For AM-SLSB, modulated signal contains only one
’ (Upper Sideband) % :tl _té? frequency component, appearing asa Lower Sideband %
cos | 3
= - =
s, (1) s (1) Diog A.A o o
L e = = I« bandwidth [, Hz ' 1
l”fosri;;t:on Carrier Wave <? - ) m ] ’ g
C o [, 1.
“am-slsh
Hilbert 5,(0) > : —J  Modulated Information Frequency (kHz)
+ Transform (quadrature) (Lower Sideband)




AM-VSB Modulation

Modulator:

S{Ffﬂ-d?f)-:‘t‘. (t) Bandpass Filter
P pass (1, 1y )10 (7,4 1;)
5, (1) +
Information Band Filter
Signal [2eids
+ P pass: (1,1, 07, A ) [P
4, s, (7)
Modulation Carrier Wave
Amplitude

Expression:

Smn -vish (0

Modulated Information
on Carrier

& t

mn-\‘usb( )

Modulated Information
on Carrier

>

AM-VLSB
SIGNAL
Magnitude

There are two variations of AM-VSB,
as depicted here.

bandwidth fh+f| ” Hz
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(1)

5
am-vish

>

AM-VUSB
SIGNAL
Magnitude

bandwidth fh+f| b Hz

P

\ S:mr-rm.v‘; (F)

>

155

Frequency (MHz)

Sam—vsb(f) = BPF

[Ao +si(r)}<sc(r)

f+1,

(&

>

Frequency (MHz)
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Evaluation Table;

Parameter AM-DSB AM-SSB AM-VSB
Power Medium Less High
Bandwidth 2B B B<BW<2B
Usage Radio broadcast | Radio broadcast TV broadcast
Sideband Suppression No One side One side partially
completely
TX Efficiency Moderate Maximum Moderate

Note: Each technique has some advantages and disadvantages, so based on deployment factor,
a modulation should be selected.



Section B

Angle Modulations and Demodulations




Conventional PM and FM Slide 9 of 30

Expressions: :
m(f) |«~—2x10"4—| m(t)
20,000 —

IVANEYANS -

PM: | @py (1) = Acos [wctf 4+ kpym(1)] / \/ NV

—20.000

do :
Instantaneous angular wi(t) — E = w, + kpm(t) Oeng) ﬂ Cpn(D)

frequency for PM: k | h q “
i
f—> 7 HM F w (==
I

Instantaneous angular ) _
frequency for FM: 4l (t) = Wc + kfm(t)

f

FM: | @y (f) = A cos [a)ct—l—kf[ m(a)doci|

—0Q0




Conventional FM

Expressions:

r
s(1) = Aocos( @1+ 05, (1) | = d.cos( 0,1+ 2nKp, x [ s(1) dt |

s(t) = A.cos(2nf.1) = A;cos( . 1)

S (1) = Accos( W+ By, sin( (Dl-t))

.

Modulator:;

s, (1)

L —
Information

Signal

21f,

®, = 27f,

23rf;t

v(?)

2K

- - o

o

Integrator

-
(uat ]
b Y

#’ + _’ cos(.)

Voltage to Frequency
Gain Ratio (Hz/V)

INFORMATION
SIGNAL

VCO CARRIER
WAVE

FM
SIGNAL

S (1)

Voltage Controlled Oscillator

> VCO Carrier
Modulated by s, (1)

O . aL A
cos(w 1 0(1))

Magnitude

Magnitude

Information signal is a baseband signal;
a sum of sinusoids

b ’

Magnitude

Frequency (kHz)

When there is no control input, the signal output
by the VCO is a pure cosinusoid

- : >

A

Frequency (kHz)

This complicated FM signal has numerous sideband
components and will be discussed in Section 9.3!

- >

Frequency (kHz)

Amplitude Amplitude

Amplitude
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Section C

Analog Phased-Lock Loop (APLL)




Analog PLL

\VCO: Free—rlInnlng angular frequency
Instantaneous angular _
: : w (1) = e+ ce, (1) .
requeney b)) =ceo®) (A
Output signal: B cos[w .t + 6,(1)]
Loop Filter:

Input multiplied signal:

AB
AB sin (w¢t + 6;) cos (wct +6,) = BN [sin(6; —6,) + sin Qw1+ 6; +6,)]

| .
Output signal:  €o(1) = h(1) * FABsin[6:(f) —0o(9)]

: t
=%AB f h(t —x) sin[6;(x) — 8,(x)]dx  (B)
0

I
6,(f) = AK [ h(t — x) sin B, (x) dx
0

A sin [w t + 6,(1)]

-

2B cos [w.1 + 6,(1)]

Loop
filter
H(s)
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Voltage-
controlled
oscillator

0, = ce (1)

0.(f) sin 6,(1)
:
0. () sin( ) AKH(s)
(_)(J(I)
f."
a

Phase error: B¢ (1) = 0;(t) — 6,(1)




Section D

GNU Radio and SDR
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Preferred GRC Blocks:

Transmitter Wireless Channel Receiver
Wav. file source Channel model (AWGN) Multiply
Signal source - Multiply constant
Low pass filter - Add
Multiply - Throttle
Multiply constant - Low pass filter
Add - Time sink
Throttle - Frequency sink
Time sink - Waterfall link
Frequency sink - Audio sink
Waterfall link - -

Note: You may need other essential blocks.
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Transmitter’'s Flow-Graph:




GRC Example for AM-DSB-TC Slide 16 of 30

Channel’s Flow-Graph:
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Receiver's Flow-Graph:

n——g o =
J— }‘:-‘-t...nrno—-—: ‘E

=" -

&

fifh
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Signals’ Figures in Time Series:

Time | Frequency Waterfall
TX Input Signal TX Output Signal
m Data 0 H Data 0
0.1
L] L]
o o
S 04 E;
& a
€ g
< <
-0.1
02
I T T T T T T r T z T T T T T T T T T T 1 I T T T T T T T T T T T T z T T 1
0 0.5 1 15 2 0 05 1 15 2
Time (ms) Time (ms)
RX Input Signal RX Output Signal
6 H Data 0 H Data 0
0.8
" o 09
o o 4
2 2 ]
a a 1]
E E 1
< < 1
1.1
1.2
-6
T T T Z 5 T z z - z T 7 T T i T T T T z 1 I T T T T T T Z 5 z z T - z : 7 1
0 0.5 1 15 2 0 0.5 1 1.5 2
Time (ms) Time (ms)




GRC Example for AM-DSB-TC

Signals’ Figures in Frequency Series:

Time | Frequency | Waterfall
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TX Input Signal TX Output Signal
4 W Data 0 04 m Data 0
-50 — ]
— — b
%] @ .50 4
= . 2 50
£ 71007 £
(-] b o
[C] L] ]
v v 100 -
2 i 2 100+
ke et
=2 -150 =
-1} L7}
[ 1 [ il
-150 |
-200
— 71 - - - - T - - - - 1 T T T T T T T T T T T T 1 T
-200.00 -100.00 0.00 100.00 200.00 -200.00 -100.00 0.00 100.00 200.00
Frequency (kHz) Frequency (kHz)
RX Input Signal RX Output Signal
o W Data 0 W Data 0
20 4 50
) ] = j
2 2
£ -0 £
m A ] 1
[C] 4 Q -100
o i | ! o —
2 60 - 2
ke et
3 =
& & 150 -
-804 150
-100 | 1
. 200
r— -~ - - - 1 - - T - T - - T T T T T T T T T T T L
-200.00 -100.00 0.00 100.00 200.00 -200.00 -100.00 0.00 100.00 200.00
Frequency (kHz)

Frequency (kHz)



GRC Example for AM-DSB-TC

Signals’ Waterfall Figures:

Time Frequency waterfall |
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TX Output Signal

2.00e+01

1.50e+01

1.00e+01

Time (s)

5.00e+00

Frequency (kHz)

0.00e+00 - - - - - -
-200.00 -100.00 0.00 100.00 200.00
Frequency (kHz)
RX Input Signal
2.00e+01 —
1.50e+01 —
= i
ICo) |
.E 1.00e+01
(= 4
5.00e+00 —|
0.00e+00 — : . :
-200.00 0.00 200.00
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Preferred GRC Blocks:

Transmitter

Wireless Channel

Receiver

Wav. file source

Channel model (AWGN)

Throttle

Signal source

Low pass filter

Low pass filter

WBFM Receiver

WBFM Transmitter

NBFM Receiver

NBFM Transmitter

Rational Resampler

Throttle - Time sink

Time sink - Frequency sink
Frequency sink - Waterfall link
Waterfall link - Audio sink

Note: You may need other essential blocks.
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Transmitter’'s Flow-Graph:

= Eear

-
=
g —

» T

-
’-.” » '.__-.

= F
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Channel’s Flow-Graph:



GRC Example for Conventional FM Slide 24 of 30

Receiver's Flow-Graph:

== ;o o= -Eo
= =
~E=-
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Signals’ Figures in Time Series:

TX Input Signal

TX Output Signal

| m Re{Data 0}
] h ® Im{Data 0}

e m

2]

.....................

Amplitud
I S
Amplitud
=
e
~N
e ——
—_—
-
i

RX Input Signal

RX Output Signal
m Re{Data 0} 02

W Data 0
®m Im{Data 0} ]
I
[ ]

Amplitude

_——
_—
ol
E——
Amplitud
S

3
Time (ms)



GRC Example for Conventional FM

Signals’ Figures in Frequency Series:

TX Input Signal
i m Data 0
_50 -
o i
2
= 100
= ~
[¢]
v
=
-~ 4
=
@ -150
z -
-200 |
T T T T T
-200.00 -100.00 0.00 100.00 200.00
Frequency (kHz)
RX Input Signal
0 ® Data 0
.10 -
. 20
o g
z ]
c -30
£ ]
[¢] b
o -40
= ]
- -
L) J
© 50
[ ]
-60
-70
T X T T
-50.00 0.00 50.00
Frequency (kHz)
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TX Output Signal
0 ®m Data 0
10
o
2
=
S ' 0 MJ
(7] 1
&
=
(]
(-3 h
-60
-70 —
T T T
-50.00 0.00 50.00
Frequency (kHz)
RX Output Signal
-40 - m Data 0
;‘.: 80 n
£ ]
3 -100
[ =
=
® -120
2 ]
&« 5
-140
160 -]

T X T T
-50.00 0.00 50.00
Frequency (kHz)
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Signals’ Waterfall Figures:

2.00e+01
1.50e+01

1.00e+01

Time (s)

5.00e+00

0.00e+00

0.00
Frequency (kHz)

RX Input Signal

1.50e+01

1.00e+01

Time (s)

5.00e+00

0.00
Frequency (kHz)



Nooelec NESDR SMArTee v2 SDR Slide 28 of 30

nooelec: We designed this SDR from the ground up in
order to develop the best low-cost SDR in existence.

Frequency Range: 25MHz - 1750MHz
Phase noise @1kHz offset: -138dBc/Hz (or better)

Phase noise @10kHz: -150dBc/Hz (or better)
Phase noise @100kHz: -152dBc/Hz (or better)




Problem:
Design AM-SSB via GNU Radio

Assignments

Session Two

Due: Oct. 13, 2020




Problem:

Design Conventional PM via GNU Radio

Assignments

Session Three

Due: Oct. 20, 2020




