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Analog or Digital

• Common Misunderstanding: Any transmitted signals are ANALOG. NO 
DIGITAL SIGNAL CAN BE TRANSMITTED
• Analog Message: continuous in amplitude and over time

• AM, FM for voice sound
• Traditional TV for analog video
• First generation cellular phone (analog mode)
• Record player

• Digital message: 0 or 1, or discrete value
• VCD, DVD
• 2G/3G cellular phone
• Data on your disk
• Your grade

• Digital age: why digital communication will prevail









Digital versus analog
• Advantages of digital communications:
• Regenerator receiver

• Different kinds of digital signal are treated identically.
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Why digital communications?
• Any noise introduces distortion to an analog signal.  Since 

a digital receiver need only distinguish between two 
waveforms it is possible to exactly recover digital 
information.
• Many signal processing techniques are available to 

improve system performance:  source coding, channel 
(error-correction) coding, equalization, encryption
• Digital ICs are inexpensive to manufacture.  A single chip 

can be mass produced at low cost, no mater how complex
• Digital communications allows integration of voice, video, 

and data on a single system (ISDN)
• Digital communications systems provide a better tradeoff 

of bandwidth efficiency and energy efficiency than analog





General structure of a communication systems
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Communication System Components
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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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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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Alias Signal Generation Due to Under 
Sampling
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Example 2.1
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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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Amplitude Shift Keying (ASK)

• Pulse shaping can be employed to remove spectral spreading
• ASK demonstrates poor performance, as it is heavily affected by noise, 

fading, and interference
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Frequency Shift Keying (FSK)

• Example: The ITU-T V.21 modem standard uses FSK  
• FSK can be expanded to a M-ary scheme, employing multiple 

frequencies as different states
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Phase Shift Keying (PSK)

• Major drawback – rapid amplitude change between symbols due to phase 
discontinuity, which requires infinite bandwidth. Binary Phase Shift Keying 
(BPSK) demonstrates better performance than ASK and BFSK

• BPSK can be expanded to a M-ary scheme, employing multiple phases and 
amplitudes as different states
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