
Chapter 4: Digital Pulse Modulation 
 

4.1 What is Modulation? 

Modulation is a process of changing the characteristics of a carrier signal like amplitude, 

frequency and width, etc. It is the process of adding information to the carrier signal. A 

carrier signal is a steady waveform with constant amplitude and frequency. 

 
Figure 4.1: Concept of Modulation 

Modulation is normally applied to electromagnetic signals like radio laser and optical signals. 

The Audio, video, images and text data are added to the carrier signal for transmission over 

telecommunication 

 

4.2 Need for digital transmission  

Digital modulation is required if digital data has to be transmitted over a medium that only 

allows analog transmission (modems in wired networks). 

-Digital signals, i.e. 0/1, can be sent over wires using voltages. 

- Wireless must use analogue sine waves. 
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4.3 Pulse Code Modulation (PCM) 

 

 

Figure 4.2: Block diagram of PCM modulation. 

 

The output of the LPF is then fed to a sampler where the analog input signal is sampled 

at regular intervals. The sampling of the signal is done at the rate of  fs. This sampling 

frequency is so selected that it must follow the sampling theorem that is expressed as: 

fs ≥ 2fm 

  Where fs is sampling frequency and fm is the maximum frequency in the input signal. 



 

 

 



 

Figure 4.3: The three steps of digitalization of a signal: 1) sampling of the signal, 2)        

                    quantization of the amplitude, 3) and binary encoding. 

 

iii.  Encoding:  The quantized samples are coded into binary bits. The digitization of         

      analog signal is done by the encoder. It designates each quantized level by a binary code 

PCM System 
Figure 4.4 shows a simplified block diagram of a single channel, simplex PCM system. 

 

Figure 4.4: PCM system 

 

 



4.4 Digital Modulation: 

Quite often we have to send digital data through analog transmission media such as a 

telephone network. In such situations it is essential to convert digital data to analog signal. 

Basic approach is shown in Fig. 4.5. This conversion is accomplished with the help of special 

devices such as modem (modulator-demodulator) that converts digital data to analog signal 

and vice versa.  

 
Figure 4.5: Conversion of digital data to analog signal. 

Since modulation involves operations on one or more of the three characteristics of the carrier 

signal, namely amplitude, frequency and phase, three basic encoding or modulation 

techniques are available for conversion of digital data to analog signals as shown in Figure. 

4.6. The three techniques, referred to as amplitude shift keying (ASK), frequency shift keying 

(FSK) and phase shift keying (PSK), are discussed in the following sections of this lesson. 

 

Figure 4.6: Types of Digital Modulation 

4.4.1. Amplitude-shift keying (ASK): 

In ASK, two binary values are represented by two different amplitudes of the carrier 

frequency as shown in the Figure. 4.7. The unmodulated carrier can be represented by 

 

 



 

Figure: 4.7 ASK Waveform 

Advantages: Simplicity. 

Disadvantage: ASK is very susceptible to noise interference –noise usually (only) affects the 

amplitude, therefore ASK is the modulation technique most affected by noise 

 

4.4.2. Frequency-shift keying (FSK): 

In this case two binary values are represented by two frequencies near the carrier frequency 

as shown in figure 4.8 

 

Figure 4.8: Frequency-shift keying (FSK) 

In FSK two carrier frequencies f1 and f2 are used to represent 1 and 0 as shown in the above 

figure.4.8 

Here’s(t) = A cos 2πfc1t          for binary 1 

And s(t) = A cos 2πfc2t           for binary 0 

This method is less susceptible to errors than ASK. It is mainly used in higher frequency 

radio transmission. 

Advantage: FSK is less susceptible to errors than ASK – receiver looks for specific 

frequency changes over a number of intervals, so voltage (noise) spikes can be ignored. 

Disadvantage: FSK spectrum is 2 x ASK spectrum. 

4.4.3. Binary Phase-shift keying (BPSK): 

In this method, the phase of the carrier signal is shifted by the modulating signal with the 

phase measured relative to the previous bit interval. The binary 0 is represented by sending a 

signal of the same phase as the preceding one and 1 is represented by sending the signal with 

an opposite phase to the previous one as shown in Figure.4.9. 



 

Figure 4.9 PSK diagram 

 

Advantage:  

1. PSK is less susceptible to errors than ASK, while itrequires/occupies the same bandwidth   

    as ASK 

2. More efficient use of bandwidth (higher data-rate) is possible, compared to FSK. 

 

Disadvantage: more complex signal detection / recovery process than in ASK and FSK 

 

4.4.4. Quadrature Phase-shift keying (QPSK): 

For more efficient use of bandwidth Quadrature Phase-Shift keying (QPSK) can be used, 

where 

 
Here phase shift occur in multiple of 90

0
 as shown in constallation diagram below figure 2.6 

 
Figure.4.10: Constallation diagram of Quadrature Phase-shift keying (QPSK): 

 

 



Advantage:  

• Higher data rateobtain as compare to PSK (2 bits per bit interval), while bandwidth   

  occupancy remains the same. 

• 4-PSK can easily be extended to 8-PSK, i.e. n-PSK. 

Disadvantage: more complex signal detection / recovery process than in ASK and FSK. 

 

 

Question 1: Multiple choice questions 

1. The sequence of operations in which PCM is done is…….. 

A] Quantizing, sampling, encoding B] Quantizing, encoding, sampling 

C] Sampling, quantizing, encoding D] None of the above 

 

2. The last step in Pulse code modulation is …… 

A] Quantizing B] sampling 

C] encoding D] Modulation 

 

3. Quantization noise can be reduced by ________ the number of levels. 

A] Decreasing B] Increasing 

C] Doubling D] Squaring 

 

4.  In ............modulation technique, the frequency of carrier is varied according to digital 

signal. 

A] ASK B] FSK 

C] PSK D] None of these 

 

5. In _________, to represent data , the Amplitude of the carrier signal is varied, and       

      frequency  and phase remain constant. 

A] ASK B] FSK 

C] PSK D] None of these 

 

6. How many carrier frequencies are used in BFSK? 

A] 1 B] 2 

C] 3 D] 4 

 

Short Answer Questions 

1. Explain the need for digital modulation. 

2. Explain the concept of ASK. 

3. Explain the concept of FSK. 

4. Explain the concept of PSK. 

Long Answer Questions 

1. What is PCM? Which steps are involved in PCM? Explain in detail. 

2. Draw the block diagram of a PCM transmitter and explain the function of each block. 

3. Give the concept of BPSK and QPSK. 


