Communication



= Modulation & Demodulation:

— M: Embedding an information-bearing signal into a second signal

— D: Extracting the information-bearing signal

— Methods: z(t) y(t)
> Amplitude Modulation (AM) —P-—P
> Frequency Modulation (FM) c(t) T

= A(t) cos (w(t) t+ 9(t))
= Multiplexing & Demultiplexing:

&
— Simultaneous transmission of more than one signal

with overlapping spectra over the same channel III I t
— Methods: L

> Time-Division Multiplexing (TDM)

> Frequency-Division Multiplexing (FDM) III I w




= Complex Exponential & Sinusoidal
Amplitude Modulation & Demodulation

* Frequency-Division Multiplexing

= Single-Sideband Sinusoidal Amplitude Modulation
= Amplitude Modulation with a Pulse-Train Carrier

= Pulse-Amplitude Modulation

= Sinusoidal Frequency Modulation

= Discrete-Time Modulation



» Sighal Frequency Characteristics:

carrier signal : ¢(t)
'y

modulating signal : z(t) ,

'y
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modulated signal : y(t) = z(t) (1)



= AM with a Complex Exponential Carrier:
2 (t)—C—y(1) we : carrier frequency
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= AM with a Complex Exponential Carrier:
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AM with a Complex Exponential Carrier:

2(t)—C—=y(t) y(t)— w(t)
C’rra(t) — ej(wct+ﬁc) t) = —j(wet+0¢)
{a) 9{3 = O I.’Zd( ) (b ©
y(t) = z(t) em(t) w(t) = y(t) ey(t)
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= W(lhw) = X(Jw)



= AM with Sinusoidal Carriers:

C(t) — e_j"'tt.'c-t'- — COS(U‘ft) + jSin(r{U(:t)

= y(t) = x(t) cos(wet) + 5 x(t) sin(wet)
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— Re{y(t)}
z(t)—1

——»@——»— Im{y(t)}

sin(wet + 6.)

phase difference of ¢1(-),co(-) 7



= AM with a Sinusoidal Carrier:
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= AM with a Sinusoidal

z(t)——y(t)

cos(wet +6c) 9. =0

(a)

y(t) = z(t) cos(wet)

= w(t) =

Carrier:
! t Hij o)
u(t) =<13“< R
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= Qverlapping of AM with a Sinusoidal Carrier:

o If We < WM Xiie)
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Not Synchronized in Phase:

x{f}.—-—-l-®—)— [t it : wit)
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= x(t) el (wet+0c) = y(t) oI (wet+¢c)

= z(t) Ej(f?c—@c)

= ONLY |z(t)] = |w(t)|



= Not Synchronized in Phase:

1) e (> ¥ ) (%) i HE[M > cosifl;—d, xlt]
cos(w,_ﬁ[_;t + 6.) cos(wet + &) ! : |
y(t) = z(t) cos(wet + ;) w(t) = y)cos(wet + ¢c)
= w(t) = z(t) cos(wet + 6.) cos(wet + Pc)

= ® (f) cos(ﬂc — ¢¢) + cos(EuJCt + 0c + ff)c)]

% cos(fe — o¢) x(t) + % r(t) cos(Ruwct+0c + ¢c)



— C 961
= Asynchronous Demodulation: UAT) =S Costinel o)
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= Asynchronous Demodulation:

. o) 0 > oyt
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= Synchronous & Asynchronous Demodulation:

X(jw)
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= Complex Exponential & Sinusoidal
Amplitude Modulation & Demodulation

* Frequency-Division Multiplexing

= Single-Sideband Sinusoidal Amplitude Modulation
= Amplitude Modulation with a Pulse-Train Carrier

= Pulse-Amplitude Modulation

= Sinusoidal Frequency Modulation

= Discrete-Time Modulation



= FDM Using Sinusoidal AM:
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= Demultiplexing and Demodulation:
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Frequency Propagation Channel
range Designation Typical uses method features
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scatter and line -si-sight
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Ling-of-sight ionosphere
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Ling of sight

Ling of sight
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Frequency, laree antennas
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spheric pulse
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selective Tading, multipath

Fading, scaiteting, and maulti-
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cxtraterrestial noise,
high directly

Water vapor and oxyaen
absarption



= Complex Exponential & Sinusoidal
Amplitude Modulation & Demodulation

= Frequency-Division Multiplexing

= Single-Sideband Sinusoidal Amplitude Modulation
= Amplitude Modulation with a Pulse-Train Carrier

= Pulse-Amplitude Modulation

= Sinusoidal Frequency Modulation

= Discrete-Time Modulation



= SSB Modulation:

upper sidebands

lower sidebands
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= Retain Upper Sidebands Using Ideal Highpass Filter
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= Retain Lower Sidebands Using Phase-Shift Network

Hijur)

y(t)

i ju}

« Retain Upper Sidebands
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= Complex Exponential & Sinusoidal
Amplitude Modulation & Demodulation

* Frequency-Division Multiplexing

= Single-Sideband Sinusoidal Amplitude Modulation
= Amplitude Modulation with a Pulse-Train Carrier

= Pulse-Amplitude Modulation

= Sinusoidal Frequency Modulation

= Discrete-Time Modulation



= Modulation of a Pulse-Train Carrier:
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= Time-Division Multiplexing (TDM):
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= Complex Exponential & Sinusoidal
Amplitude Modulation & Demodulation

* Frequency-Division Multiplexing

= Single-Sideband Sinusoidal Amplitude Modulation
= Amplitude Modulation with a Pulse-Train Carrier

* Pulse-Amplitude Modulation

= Sinusoidal Frequency Modulation

= Discrete-Time Modulation



= Pulse-Amplitude Modulated Signals: B/\/
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= |ntersymbol Interference in PAM Systems:
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= Avoiding Intersymbol Interference in PAM Systems:

Fulsa used to transmit
sample of channel 2

11 sin(wt Ty)

Fulse used o ransmit
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i
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= (General Form of Band-Limited Pulses
with Time-Domain Zero-Crossing at le, KelZ:

(14 Pi(w) |w| < Til

PGw) ={ Pi(w) 7o < lw| < %

0 otherwise

%

P1(jw) : odd symmetry around w/T}

Pijw)
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= p(t) has zero crossing at +74,4+2T5, - --



= Complex Exponential & Sinusoidal
Amplitude Modulation & Demodulation

= Frequency-Division Multiplexing

= Single-Sideband Sinusoidal Amplitude Modulation
= Amplitude Modulation with a Pulse-Train Carrier

= Pulse-Amplitude Modulation

= Sinusoidal Frequency Modulation

= Discrete-Time Modulation



Frequency Modulation (FM):

The modulating signals is used to
control the frequency of a sinusoidal carrier

With sinusoidal AM, the peak amplitude of the envelope of the carrier
is directly dependent on the amplitude of the modulating signal x(t),
which can have a large dynamic range.

With FM, the envelope of the carrier is constant

An FM transmitter can always operate at peak power and
amplitude variations introduced over a transmission channel
due to additive disturbances or fading can be eliminated

at the receiver

FM generally requires greater bandwidth than does sinusoidal AM



= Angle Modulation:
c(t) = A cos (wct -+ Qc) = A cosf(t)

« Phase Modulation:
— Use the modulating signal x(t) to vary the phase 6_

y(t) = A cos (Q(t)) = A cos (fwct-l—ﬂc(t))
0c(t) = 0y + kpx(t)
do(t) dx(t)

« Frequency Modulation: dt
— Use the modulating signal x(t) to vary the derivative of the angle

y(t) = A cos (Q(t)) do(t)
dt

= we + kyxz(t)



dé(t) da(t)
L = A =l
= Phase & Freqguency Modulation: ﬂ;{*ﬂ "ot
-~ = we + kyax(t)
dt

phase modulation frequency modulation frequency modulation
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= |nstantaneous Frequency:

y(t) = A cos (Q(t))

= W

« If y(t) Is truly sinusoidal:

0(t) = wet + 6

« Phase Modulation:

W

’HJ..‘,:

« Frequency Modulation:

'HJ.I'

do(t)
dt

do(t)
dt

dx(t)
dt

do(t)
dt

we + kpx(t)



= Narrowband FM:

 Frequency Modulation with ~ «(t) = A cos (-wmt)

 Instantaneous Frequency:

w;(t) = %(;) = we + Ky A COS (-wmt)

= We — ka < wi(t) < we + Fs:fA

A
= Aw = ka

= ’Ujg(f) — We + .&{U CcOsS (Iw’r”t>



z(t) = A cos(wmt
= Narrowband FM: (mt)

y(t) = cos (E(t)) = cos (wﬁH—ﬂn(t})

de(t)
= We kesa(t
dt w ‘I— fi(f:l &u1$ k.fA
= y(t) = cos (wct—l—kf/'m(r,)dt)
Aw
Wim
let 6 = 0O
FAN 0
= CoS (wct + v Sin(wmt))
Wim
. A w
. Modulation Index for FM: m = =%
Wm

* Which m is small = narrowband FVM



cos(A+ B) = cos(A) cos(B) —sin(A) sin(B)

= Narrowband FM:

= y(t) = cos (wct + m Sin(*wmt)>

or y(t) = cos(wct) cas(m sin(wmt)) — sin(-u;ct) 5in(-m. sin(wmt))

+ When m is sufficiently small (<< n/2) If0<d<<1
COS (H) ~ 1
N CcoS (m Sin(wmt)) ~ 1 —, i (9) o

sin (’HL sin (wm,t)) ~ msin (w;rnt)

= y(t) =~ cos (wct) — msin(wmt) sin (wct)

I N




= Narrowband FM:
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= \WNideband FM:

« When mis large

y(t) = cos (u:ct) cos (-m.sin(n:mt)) - sin(mct) sin (—m sin(-z.uf,.-,,_f_j)

\ /

Periodic signals with fundamental frequency o,
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= Magnitude of Spectrum of Wideband FM:
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= Periodic Square-\Wave Modulating Signal:

e When z(t) > 0, w;(t) = we+ Aw

e When z(t) <0, w;(t) = we— Aw

(1) y(t)
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= Complex Exponential & Sinusoidal
Amplitude Modulation & Demodulation

= Frequency-Division Multiplexing

= Single-Sideband Sinusoidal Amplitude Modulation
= Amplitude Modulation with a Pulse-Train Carrier

= Pulse-Amplitude Modulation

= Sinusoidal Frequency Modulation

= Discrete-Time Modulation



= DT Sinusoidal AM:
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» Transmodulation or Transmultiplexing:

+ TDM to FDM . |

A
= unsampling
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