
Third Year Class: First Semester 2019-2020 (Lecture # 6) Dr. Montadar Abas Taher 

1 
 

Department of Communications Engineering, College of 

Engineering, University of Diyala 

 

Digital Communication I 

Lecture # 6 

Line Coding, Applications 
 

Line Coding (Pulse Format) 

 The digital data can be transmitted by various transmission or line codes such as on-off, 

polar, bipolar and so on.  

 This is called line-coding. Each type of line-code has its advantages and disadvantages. 

 Thus, among other desirable properties, a line code must have the following properties: 

1) Transmission bandwidth: For a line-code, the transmission bandwidth must be 

as small as possible. 

2) Power efficiency: For a given bandwidth and a specified detection error 

probability, the transmitted power for a line code should be as small as possible. 

3) Error detection and correction capability. 

4) Favorable power spectral density: It is desirable to have zero power spectral 

density (PSD) at ω = 0 (i.e., dc) since ac coupling and transformers are used at the 

repeaters. 

5) Adequate timing content: It must be possible to extract timing or clock 

information from the signal. 

6) Transparency: It must be possible to transmit a digital signal correctly regardless 

the pattern of 1's and 0's. 

Some of the important PAM formats or line coding techniques arer: 

(i) Non-return to zero (NRZ) and return to zero (RZ) unipolar formats. 

(ii) NRZ and RZ polar formats. 

(iii) NRZ bipolar format. 

(iv) Manchester format. 

(v) Polar quaternary NRZ format. 
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 Unipolar Return to Zero (RZ) 

 The message samples have two cases:  

1) If „0‟ transmitted: no pulse transmitted 

2) If „1‟ transmitted: a pulse of value ‘A’ is transmitted where the period of „A‟ is 
  

 
 

 

 Unipolar Non Return to Zero (NRZ) 

 The message samples have two cases:  

1) If „0‟ transmitted: no pulse transmitted 

2) If „1‟ transmitted: ‘A’ is transmitted for the whole period, where the period of „A‟ 

is    

 

Notes: 

1) For NRZ format, it may be observed that the pulse does not return to zero on its own. If 

symbol '0' is to be transmitted, then pulse becomes zero. 

2) Internal computer waveforms are usually of unipolar NRZ type. 

3) Because, there is no separation between the pulses, therefore, the receiver needs 

synchronization to detect unipolar NRZ pulse. 

4) As compared to RZ format, NRZ pulse width is more. Thus, energy of the pulse is more. 

5) However, unipolar format has some average DC value. This DC value does not carry any 

information. 

 

 



Third Year Class: First Semester 2019-2020 (Lecture # 6) Dr. Montadar Abas Taher 

4 
 

 Polar Return to Zero (RZ) 

 The message samples have two cases:  

1) If „1‟ transmitted: A/2  transmitted for half period (
  

 
) 

2) If „0‟ transmitted: -A/2  transmitted for half period (
  

 
) 

 

 Polar Non Return to Zero (NRZ) 

 The message samples have two cases:  

1) If „1‟ transmitted: A/2  transmitted for all period (  ) 

2) If „0‟ transmitted: -A/2  transmitted for all period (  ) 

 

 

Notes: 

1) Since polar RZ and NRZ formats are bipolar, therefore, the average DC value is 

minimum in these waveforms. 

1) If probabilities of occurrence of symbols '1 'and '0' were same, then average “DC” 

components of the waveform would be zero. In other words, if „1‟ and „0‟ have same 

probability, DC ≈ 0. 
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 Bipolar Non Return to Zero (NRZ) [Alternate Mark Inversion (AMI)] 

 The message samples have three cases:  

1) If „1‟ transmitted: A  transmitted for all period (  ) 

2) If „0‟ transmitted: no pulse  transmitted for all period (  ) 

3) If „1‟ transmitted: -A  transmitted for all period (  ) 

In other words, successive 1‟s have alternating polarity. 

 

 Split Phase Manchester 

 The message samples have two cases:  

1) If „1‟ transmitted:  ( )  {

 

 
        

  

 

 
 

 
    

  

 
     

 

2) If „0‟ transmitted:  ( )  {
 
 

 
        

  

 
 

 
    

  

 
     

 

 

Notes: 

1) The primary advantage of this format is that irrespective of the probability of occurrence 

of symbol '1' and '0' the waveform has zero average value. Therefore by this mode, the 

power saving is quite more. 

2) However, the drawback of this format is that it requires absolute sense of polarity at the 

receiver end. 
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 Polar Quaternart Non Return to Zero (NRZ) 

 The message samples have four amplitude levels:  

1) If „00‟ transmitted: -3A/2  transmitted for period (   ) 

2) If „01‟ transmitted: -A/2  transmitted for period (   ) 

3) If „10‟ transmitted: A/2  transmitted for period (   ) 

4) If „11‟ transmitted: 3A/2  transmitted for period (   ) 
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