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Part 1:
Angle Modulation

PM — Phase Modulation

Momentary phase: o{m(t)} = a-mf(t).
Signal: 2(t) = A-cos (2nft +a-m(t)).
Momentary frequency: (t)—i-i(27rft+ “m(t)) = f. +i-i (t)
yireq y: memi T or  dt kT armAE)) = Je 27 dtm"
F deviation:  falt) = ~= - Lon(t)
requency deviation: a(t) = 5 - m(t).
a d
Peak frequency dev.: famax = g, ' mex Em(t)‘
Frequency mod. idx: =9 max| L)
quency mod. 1ax: M=o M @™
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FM — Frequency Modulation

t
Momentary phase: o{m(t)} =a / m(t) dt, o{m(t)} =a / m(r)dr,

Signal: 2(t) = cos (27rfct + a/m(t) dt)

Momentary frequency:  fuom(t) = % . % (27rfct + a/m(t) dt> =fo+ % -mi(t).

Frequency deviation: falt) = e m(t).
Peak frequency dev.:  famax = % - max [m(t)]
Frequency mod. idx: e = % -max |m(t)]
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Angle Modulation in the Time Domain

Phase Modulation

Frequency Modulation
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Demodulating Frequency Modulation

As for PM:

4%0{111(1‘)}
For FM: O{m(f)} =a / m(t) dt.
Then:

Derivative, envelope detection and HP/BP filter gives us:

/ .
‘—l({/—f(;){m(f)} =A % a / m(t) dt = Aam(t) Donel!

d Envelope

dt detector

BP filter F—= Aam(t)
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Demodulating Phase Modulation

Sentsignal:  (t) = A-cos (274t + o{m(1)})

I l l
Derivative: %.r(z‘) —_A <27)‘( + (—('){m(z‘)}) sin ( fit + o{m(t })
C
Envelope detector gives us: ( —(){m })
BP or HP filter gives us: ALo{m(t)}
For PM: (){m(f)} = am(t)
t
od .
Integrate: / A/—u{m(/')} dr = Aa (m( ) — m(f[.)) Filter!
dr
;()
o(t) 4 fnvelope BP filter [t = aam)
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Alternative Demodulation

x(t) —| sgn(x)

d

dt

x>0,
x =0,
x < 0.

LP filter F— X fumom(t)
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Building Blocks
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Noise Impact on Frequency Modulation

Bandlimited WGN

PM
WGN
Ry (f) = Ro.

Bandlimited
noise

/

Bandlimited

noise

|

+ +
an—({) VM&): V‘c~ Sgn(vi,‘(f))
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< 1 X() + Wh(t) Y(t) + Wat) _
X(t)+W(t) —— BZI?;};l : Demod : Lg:z;:)el Y(t) + Ws(t)
Input SNR Output SNR
PX _ A2 Py . 3A2(L2PM
Pw,  4BxRo Py,  4B3R,
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Noise Impact on Phase Modulation

Bandlimited WGN

Bandlimited
noise

Bandlimited
white noise

PM
WGN
Ry (f) = Ro.

Y (t) + Wa(t) \

v X () + Wi(t)
; BP filter 1 LP filter .
X(t)+W(t) —— Hy(f) Demod H(f) Y (t) + Wa(t)
Input SNR Output SNR
PX _ A2 Py o A2a2PM
RVl - 4BXRO PW3 4BR0
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Part 2:

Pulse Modulation Methods




A Noisy Channel

sent signal

received signal
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A Time-Discrete Signal

{u X[n]

1 5 10 15 20 25
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A Communication System

X({) Sampling ( Mod. S({)

Channel

rét) Fl

Demod.

Rekonstr.
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Sampling

(1) -;\T’o

yln] Sampling frequency: f,=1/T

Time domain: y[n] = x(nT')

. 06—
HOE %ZX(%) = £ ) X((6 - m)f.)

If X(f)=0 for | f| 2f/2:

X[0] = £ X(6f,) for | 0] <1/2

Frequency domain:

X[0]1=X[0 —k] for k integer
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Sampling

')Z'[ﬂ] =x (n T)

A ()
o in]
L Ld L L] Ld L t
T 5T 107 15T 20T 25T
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Sampling — Frequency Domain

Original spectrum:

Xlol=r1.3 x(6-m)f.)

W 7 /
Variable substitution: y X (0 fb)
- N _WT | WT i o
Periodic repetition:
AL 2 x(e-m)f)

AN A

1 12 —WT
Amplitude scaling:

AN

WT 112 1

-1 12 -WT

I
v
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A Simple Sample-and-Hold Circuit

vin(t) ‘I— Vut (t)
- 5 —T_ o —
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Sampling

Poisson's summation ]4”»%& :

Low bandw. L :

Time-continuous spectrum

B<+1/z

X(f)

¥[o]-+ % z(&5)

k=~o00

-2/ —fs -B

N

Time-discrete spectrum

X[0)

NN

%)
|
ty
~

nT
D1
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Sampling

pd?ssans summation farmu,a : f_-[g] = % E{:o X(Q;—k)

/%'gh bcma(m%/t :

8>1/z

PAM — Frequency Domain 1(2) — General case

Zf)=PE)Y[fT]

Original spectrum:
o N\ R AN
T O o owr e 1 ¢
Variable substitution:
AN UM AN
T I T = T T = T { T f
s —S/2 W w 12 fs
Spectrum of the pulse: P(f)
} } } f
The result: i W %
P)Af, 1 Z(f)
AN : . \ : ey f
. S22 W w 12 I
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Time-continuous spectrum X(f)
A
: : / \ . : i
=2fs -fs -B B fs 2fs
Time-discrete spectrum X[0)
_/\M
= : e S | -
-2 -1 =BT BT 1 2
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Examples: t
PAM P P( )
yln] —> —> (1) 1
p()
T T
Time domain:
yln]
at) =Y, yln] plt—nT) | I ! I ?
n ‘ l T T T l
1 -1 1
Frequency domain:
2(r)
Z(f)=P()Y[fT] . [
A= 1
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PAM — Frequency Domain 1(2) — Ideal Reconstruction

Zf)=P(E)Y[fT]

Original spectrum:
o AN N AN
a0 e o-wr o owr 121 4
Variable substitution:
AN w7 AN
T : T : T T : T : T f
A S12 -W W f2 f.
Spectrum of the pulse: I, P(f)
T f f } f
The result: A2 - W A2 A
Y
} } } } } } } } } } f
A S12  -W W f2 f.
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Aliasing

Time-continuous spectrum X(f)
A)\
; o . , ; Mikael Olofsson
=2fs - -B B f 2fs
Time-discrete spectrum AT X[0] I SY/ CO mm Sys
T~ v"vAv ~__
—:2 T -Il —é‘T ‘ ] ;T i ; ! .
. www.liu.se
Reconstructed signal N Y(f) A ha,sf "'3 a(I;SéVSt;)M )
I"_'/ \"‘6 Fold-over.
f s P ; f
-2/, -5 - TB £ 2,
k—“ %w(hméwg
- storswen
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Pulse Modulation Techniques
/‘/F\' Analog message
: : : : >z
(G I

Weckb . : ] ,
L)) ‘
Futse : I :
Posibran - ‘, : l : , [
Mo . . . . X
cepr) : : . -
Pulse

Z 00 O
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