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Lab Com1 
 

Analog and Digital Modulation 

 
1. Analog Modulation 
 
1.1 Background 
 
Consider a carrier 𝑐(𝑡)  = cos (2𝜋𝑓𝑐𝑡) and the message signal 𝑚(𝑡) that may take various waveforms, 
the modulated signal can be represented as 𝑢(𝑡). In analog communication, there are three 
modulation techniques: amplitude modulation (AM), phase modulation (PM), and frequency 
modulation (FM). In this experiment, we are going to apply four modulation schemes (AM, DSB-AM, 
FM and PM) on four types of signal (namely m1, m2, m3 and m4) to observe the output. 
 

The general equation for these modulation schemes are given as:  

𝑢(𝑡) = 𝐴𝑐[1 + 𝑘𝑎𝑚(𝑡)]cos(2𝜋𝑓𝑐𝑡)     (AM) 

𝑢(𝑡) = 𝐴𝑐𝑘𝑎𝑚(𝑡)cos(2𝜋𝑓𝑐𝑡)      (DSB-AM) 

𝑢(𝑡) = 𝐴𝑐𝑚(𝑡)cos(2𝜋𝑓𝑐𝑡 + 𝜙(𝑡)); 𝜙(𝑡) = 𝑘𝑝𝑚(𝑡)     (PM) 

𝑢(𝑡) = 𝐴𝑐𝑚(𝑡)cos(2𝜋𝑓𝑐𝑡 + 𝜙(𝑡)); 𝜙(𝑡) = 2𝜋𝑘𝑓 ∫ 𝑚(𝜏)𝑑𝜏
𝑡

−∞
    (FM) 

 
1.2 Instructions 
 
In this part, we will generate AM, DSB-SC AM, PM, and FM waveforms using MATLAB. Then, we will 
observe and analyze the modulated waveforms in both time and frequency domains.  
 
i. Open a MATLAB script and type the MATLAB code given in the next page.  

ii. Examine and then run the file; observe that by selecting the message signal mt and the modulated 
signal ut, you are able to see different modulation types: AM, DSB-SC AM, PM, and FM, for the 
four types of signal. (A total of 16 sets of message-modulated pairs) 

(Q1) What are the four types of waveform being used?  

iii. Generate these waveforms one by one and record the MATLAB plots.  

(Q2) Confirm that they are the theoretically expected waveforms, by writing in your lab 
report the mathematical expression for each one. 

(Q3) Explain the code used for every modulation scheme. 

iv. Repeat the experiment by varying the values of the modulation constants (kp, kf and ka). [hint: 
use values that you think are suitable] 

(Q4) What do you observe? 

v. Given the following message signal, write code to perform the modulations and record the 

output. 𝑢(𝑡) = {
𝑡; 0 ≤ 𝑡 < 1

−𝑡 + 2; 1 ≤ 𝑡 ≤ 2
0; 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

 

vi. Include in your lab report, the general comments and a description of what you have learned 
from this experiment. 
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MATLAB CODE: 
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2. Digital Modulation 
 
2.1 Background 
 
Digital modulation typically aims to transport digital data between two or more nodes. In radio 
communications this is usually achieved by adjusting a physical characteristic of a sinusoidal carrier, 
either the frequency, phase, amplitude. This is performed in real systems with a modulator at the 
transmitting end to impose the physical change to the carrier and a demodulator at the receiving end 
to detect the resultant modulation on reception. In this experiment, we will investigate three types of 
digital modulation schemes, namely Amplitude Shift Keying (ASK), Frequency Shift Keying (FSK) and 
Phase Shift Keying (PSK). 
 
2.2 Instructions 
 

i. Open a Matlab script and type the Matlab code given below.  
ii. Examine and then run the file.  

(Q1) Explain the code used for ASK, FSK and PSK by giving the equation.  
(Q2) For each modulation methods, identify the key parameters that affect the 
         modulation and repeat the experiments by varying the value of these  
         parameters.  

iii. Record the modulation results.  
(Q3) Analyse the results.  

iv. Confirm that the demodulation results are correct.  
(Q4) Explain the code used for demodulation.  

v. Include in your lab report, the general comments and a description of what you have learned 
from this experiment.  

 
 
 
 
 
 
 
 
 
 



Department of Electrical Engineering, Universiti Malaya 

 

MATLAB CODE: 
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*END* 


