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Basic elements of communication
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Noise, 
Interference,
Distortion
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Received
Signal

Transmitted
SignalMessage Message

[Figure 1]

[Definition 1.2]



CH 3-5
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 Chapters 3-5

Analog 
Demodulation

Analog 
Modulation

Information 
Source DestinationChannel

𝑥 𝑡𝑚 𝑡 𝑦 𝑡 𝑚 𝑡

AM (4.3-4.5)
QAM (4.6)
FM,PM (CH5)

Analog 𝒎 𝒕
Digital 𝒎 𝒕
𝒎 𝒕 is piecewise 
constant. Its values are 
selected from a collection 
of 𝑀 possibilities.)

AM: 𝑥 𝑡 𝐴 𝑚 𝑡 cos 2𝜋𝑓 𝑡 𝜙 ASK

PM: 𝑥 𝑡 𝐴 cos 2𝜋𝑓 𝑡 𝜙 𝑘 𝑚 𝑡

𝑓 𝑡 𝑓 𝑚 𝑡
PSK

FM: 𝑥 𝑡 𝐴 cos 2𝜋𝑓 𝑡 𝜙 2𝜋𝑘 𝑚 𝜏 𝑑𝜏

𝑓 𝑡 𝑓 𝑘 𝑚 𝑡
FSK

𝑡

2𝜋

Band-limited to 𝐵
Bounded by 𝑚

Useful for plotting 𝑥 𝑡 over the time 
intervals where 𝑚 𝑡 is differentiable.

Sinusoidal Carrier: 𝐴cos 2𝜋𝑓 𝑡 𝜙

𝑥 𝑡 𝑚 𝑡 2 cos 2𝜋𝑓 𝑡 𝑚 𝑡 2 sin 2𝜋𝑓 𝑡
2𝐸 𝑡 cos 2𝜋𝑓 𝑡 𝜙 𝑡
2 𝑚 𝑡 𝑗𝑚 𝑡 𝑒



CH 3-5 vs. CH 6-7
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 Chapters 3-5

 Chapters 6-7

Analog 
Demodulation

Analog 
Modulation

Information 
Source DestinationChannel

𝑥 𝑡𝑚 𝑡 𝑦 𝑡 𝑚 𝑡

Reconstruction

Information 
Source Destination

Channel

𝑥 𝑡

𝑚 𝑡

𝑦 𝑡
𝑚 𝑡Pulse 

Mod. CH7

𝑚 𝑛 𝑚 𝑛

AM, FM, PM

discrete-time

Anti‐
aliasing 
Filter

Sampler

CH6 CH7 CH6CH7
𝑡

𝑡

𝑡

𝑥PAM 𝑡

𝑥PWM 𝑡

𝑥PPM 𝑡

𝑡𝑚 𝑛
(pulse shaping)



CH 3-5 + CH 6-7
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DemodulationModulation Channel

𝑥 𝑡 𝑦 𝑡 𝑚 𝑡

Reconstruction

Information 
Source Destination

𝑚 𝑡 𝑚 𝑡Pulse 
Mod. CH7

𝑚 𝑛
discrete-time

Anti‐
aliasing 
Filter

Sampler

CH6 CH7 CH6CH7

Freq. shifting

(pulse shaping)

𝑚 𝑛



CH 3-5 + CH 6 + CH 8
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Digital 
Modulation

Channel

𝑥 𝑡 𝑦 𝑡

Information 
Source

𝑚 𝑡 Quantizer

discrete-time

Anti‐
aliasing 
Filter

Sampler

CH6 CH8

𝑚𝑚 𝑛

ASK, FSK, PSK, 𝑀-QAM

Actually, pulse shaping (CH7) 
is in here as well: ECS452

digital



CH 3-5 + CH 6 + CH 8
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Modulation Channel

𝑥 𝑡 𝑦 𝑡

Information 
Source

𝑚 𝑡 Quantizer

discrete-time

Anti‐
aliasing 
Filter

Sampler

CH6 CH8

𝑚𝑚 𝑛
Encoder

Conversion to bits
P/S

Line Coding

t

Freq. shifting

digital

CH8



From ECS315
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