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Introduction	to	digital	Communications

Sampling-Quantization-Pulse	modulation	

By:	Dr. Mohab Mangoud



Digital	Communication		

Q:	What	is	Digital	Communication	?
The	transfer	of	information	(analog	or	digital)	using	digital	

signals	and	techniques.	
Q:	What	are	digital	signals?	
Digital	signals	are	binary	pulse	that	have	two	distinct	states,	

each	represented	by	a	voltage	level.
The	two	levels	are:
1. Binary	0	or	low.
2. Binary	1	or	high.	
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Digital	Communication		
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Digitization principles
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l The conversion of an analog signal into a digital 
form 

l signal encoder. 

l signal decoder.



Signal properties: (a) time-varying analog signal; 
(b) sinusoidal frequency components;
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Signal properties: (c) signal bandwidth examples; 
(d) effect of a limited bandwidth transmission channel.
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Signal	Encoder	Design:	Circuit	
Components
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Signal Encoder Design: Associated Waveform Set
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Analog Signal

Low Pass Filtered Version

Clock
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Alias Signal Generation Due to Under 
Sampling
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Example	2.1
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Fourier Transform
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Quantization
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Quantization Procedure: Source of 
Errors
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Signal Decoder Design: Associated Waveform Set
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Signal Decoder Design: 
Circuit Components
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Extra	Material	(For	reading)	

Pulse	Modulation

By:	Dr.	Sana	Almansori
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Pulse	Modulation
Q:	What	is	Pulse	Modulation?
In	a	pulse	modulation	system,	samples	of	the	message	signal	are	sued	

to	vary	parameters	of	a	pulse	waveform:
1. The	information	signal	is	sampled
2. The	samples	are	used	to	vary	the	amplitude,	width	or	position	of	

a	pulse.
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Pulse	Modulation
Q:	What	are	the	different	types	of	Pulse	Modulation?
There	are	three	types	of	pulse	Modulation:
1. Pulse	Amplitude	Modulation	(PAM):
The	amplitude	of	the	pulse	is	proportional	to	the	message	signal.
2. Pulse	Width	Modulation	(PWM):	
The	width	of	the	pulse	is	proportional	to	the	message	signal.
3. Pulse	Position	Modulation	(PPM):	
The	position		of	the	pulse	is	proportional	to	the	message	signal.
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Sampling
Q:	What	is	sampling?
Sampling	is	taking	a	sample	of	the	message	or	information	

signal:
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PAM
Q:	How	is	PAM	done?
Assume	we	have	a	message	signal	x(t)
If	it	is	multiplied	by	a	pulse	train	pT(t)
We	get	a	pulse	amplitude	modulated	signal	xPAM(t)
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PWM
Q:	How	is	PWM	done?
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PPM
Q:	How	is	PPM	done?
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Time	Division	Multiplexing	(TDM)
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Time	Division	Multiplexing	(TDM)

Q:	What	is	time	division	multiplexing?
• We	have	seen	that	using	PAM	we	can	send	the	
information	by	transmitting	only	samples	of	the	
message	signal.

• If	we	short	a	very	short	pulse	width	in	PAM	there	is	
sufficient	space	between	the	pulses	to	send	other	
signals.	

• This	is	called	Time	division	multiplexing	(TDM)	
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