
QUANTIZATION



Pulse Code Modulation (PCM)

 Pulse code modulation (PCM) is produced by 
analog-to-digital conversion process. 

 As in the case of other pulse modulation 
techniques, the rate at which samples are taken 
and encoded must conform to the Nyquist 
sampling rate.

 The sampling rate must be greater than, twice the 
highest frequency in the analog signal, 

fs > 2fA(max)                
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Figure 3.10 Two types of quantization: (a) midtread and (b) midrise.
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Quantization 
Noise

Figure 3.11 Illustration of the quantization process. 
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Figure 3.13 The basic elements of a PCM system.

Pulse Code 
Modulation
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Figure 3.14 Compression laws. (a)  -law. (b) A-law.



Encoding



1. Unipolar nonreturn-to-zero (NRZ) Signaling 

2. Polar nonreturn-to-zero(NRZ) Signaling

3. Unipor nonreturn-to-zero (RZ) Signaling 

4. Bipolar nonreturn-to-zero (BRZ) Signaling 

5. Split-phase (Manchester code)

Line codes:



Figure 3.15 Line codes for the electrical representations of binary data. 
(a) Unipolar NRZ signaling. (b) Polar NRZ signaling.
(c) Unipolar RZ signaling. (d) Bipolar RZ signaling. 
(e) Split-phase or Manchester code.





Differential Encoding (encode information in terms of 
signal 

transition; a transition is used to designate Symbol 0)

Regeneration (reamplification, retiming, reshaping  )

Two measure factors: bit error rate (BER) and jitter. 
Decoding and Filtering



3.8 Noise consideration in PCM systems
(Channel noise,  quantization noise)
(will be discussed in Chapter 4)





Time-Division Multiplexing

Synchronization

Figure 3.19 Block diagram of TDM system.



3.10 Digital Multiplexers



3.11 Virtues, Limitations and Modifications of 
PCM

Advantages of PCM

1. Robustness to noise and interference

2. Efficient regeneration 

3. Efficient SNR and bandwidth trade-off

4. Uniform format 

5. Ease add and drop

6. Secure   


