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Abstract 

The mentioned article describes the study of various analog 

and digital modulation techniques like AM, FM, ASK, PSK and FSK 

using Virtual Experiments designed using LabVIEW. The 

developed tool can generate and display the modulated signal in 

time and frequency domain very efficiently and accurately. The 

user will specify the modulation parameters like amplitude, 

frequency, phase and noise levels, and the modulated signal will 

be displayed on the Front panel. The performance of this virtual 

kit is observed by varying ifferent modulation parameters. The 

tool will enhance the practical skills of undergraduate students 

and will help in physical visualization of the various modulation 

techniques and the effect of various parameters like modulation 

index, carrier frequency and noise level on the modulated signal.  

Keywords- Analog Modulation; Digital Modulation; 

LabVIEW; Front Panel; Block Diagram;Virtual Experimentation. 

 

INTRODUCTION 

Modulation is one of the most important topic for a 

communication engineer. Communication has been a topic of 

great interest for people since a long time. And we have traveled 

a long way in it , starting from the MORSE CODE to the modern 

sophisticated communication techniques like 5G and LiFi. 

Through all this, modulation has always been an important 

 

part because transmission of a low frequency signal through a 

channel is nearly impossible. So it is very important to have a 

good knowledge of Modulation and its different techniques to 

understand the higher nuances of communication. 

Modulation is the process of  modifying one or more       

parameters of a carrier signal with a modulating signal containing 

the information to be sent.  The carrier signal is a high-frequency 

sinusoidal waveform, and its amplitude, frequency, or phase is 

modified by a low-frequency modulating signal. Depending upon 

the parameter we are varying, it has given different names like 

Amplitude modulation, Frequency modulation, Phase modulation 

etc. Modulation is of two types: Analog modulation and Digital 

modulation. Examples discussed above are the example of 

analog modulation. Digital modulation contributes to the growth 

of  

 

 

mobile communications by increasing the quality, speed and 

capacity of the wireless network. Examples of Digital modulation 

are ASK,FSK, PSK etc.[1 2] 

 

National Instruments LabVIEW (short form for “Laboratory 

Virtual Instrument Engineering Workbench”)is a graphical based 

programming environment. As the name suggest it provides a 

virtual environment to perform the Laboratory experiments on a 

PC. Hence it is one of the best tool for performing Virtual 

experiments in case of unavailability of proper lab facilities. In 

LabVIEW both inputs and outputs are in graphical form so the 

result visualization becomes very easy, and hence undergraduate 

students can use it to understand various modulation 

techniques. [4] 

 

DIFFERENT TYPES OF MODULATION TECHNIQUES 

 

Basically, Modulation is the process of encoding information 

from a message source in a manner suitable for transmission. It 

involves translating a baseband message signal to a bandpass 

signal at frequencies that are very high compared to the 

baseband frequency.  Baseband signal is called modulating signal. 

Bandpass signal is called modulated signal. 

Techniques of Modulation 

Modulation can be done by varying the Amplitude, Phase or 

Frequency of a high frequency carrier in accordance with the 

amplitude of the message signal. Demodulation is the inverse 

operation: extracting the baseband message from the carrier so 

that it may be processed at the receiver.  

Based on the two basic forms of signal, Analog and Digital, 

Modulation can also be classified in Analog and Digital 

modulation which are described as follows: 

Analog/Digital Modulation: In Analog modulation the input 

signal is continuous. While in digital modulation techniques the 

discrete signals with respect to time or amplitude, such as pulse 

are used as input. 
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As described above modulation can be done by varying  different 

parameters of carrier wave, based on this different types of 

analog modulation techniques are introduced here: 

 

Analog Modulation Techniques: 

 

Amplitude Modulation 

The amplitude of high-carrier signal is varied according to the 

instantaneous amplitude of the modulating message signal m(t). 

The amplitude modulation (AM) signal is expressed as 

𝑠 𝑡 = 𝐴𝐶 1 + 𝑘𝑎𝑚(𝑡) 𝑐𝑜𝑠(2𝜋𝑓𝑐𝑡),

),2cos()](1[)( tftmkAts cac   

 where ak  is a constant called the amplitude sensitivity. 

Typically, the carrier amplitude Ac and the message signal 

)(tm  are measured in volts and ak  is measured in 
1volt . 

Fig. 1 illustrates a mathematical representation for generating 

the AM signal. 

Fig. 1(a) shows a baseband signal )(tm , and Fig. 1(b) and Fig. 

1(c) show the corresponding AM wave )(ts  for two values of 

amplitude sensitivity 8.0ak  and 5.1ak , 

respectively. 

 

 

 

 

Fig. 1-: An Illustration of the Amplitude Modulation Process: (a) 

Baseband Signal m(t).  (b) AM Wave where   1tmka  for 

All t. (c) AM Wave where   1tmka  for Some t. 

Frequency Modulation 

 

 In this modulation technique, The frequency of the carrier wave 

varies according to the message signal )(tm . The amplitude of 

the modulated carrier is maintained constant. The frequency 

modulation can provide better communication quality then 

amplitude modulation. 

 

The frequency-modulated signal is therefore described in the 

time domain by 

 

s t = 𝐴𝐶𝑐𝑜𝑠 2π𝑓𝑐𝑡 + 2𝜋𝑘𝑓    𝑚(𝑡)𝑑𝑡
𝑡

−∞
 .

 


t

fcc dttmktfAts ])(22cos[)(  .   

The frequency-modulated signal is then formed by 

varying the instantaneous frequency directly with the modulating 

signal given by 

𝑓𝑖(𝑡) = 𝑓𝑐 + 𝑘𝑓𝑚(𝑡). 

The term cf  represents the frequency of the unmodulated 

carrier, and the constant fk  represents the frequency 

sensitivity  of the modulator, expressed in Hertz per volt under 

the assumption that )(tm  is a voltage waveform. 

In fig. 2 the relationship between message signal, carrier and 

Frequency Modulated signal is shown.  

 

 

 

Fig. 2: The Illustration of an FM Signal.  (a) Sinusoidal Message 

Signal.  (b) Carrier Wave.  (c) Frequency-Modulated Signal. 

 

 

Baseband digital signals are suitable for transmission over a pair 

of wires or coaxial cables due to its sizable power at low 

frequencies. Hence, for such purposes, we use analog 

modulation techniques in which the digital signal messages are 
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used to modulate a high-frequency continuous-wave (CW) 

carrier. 

Digital Modulation Techniques: 

In binary modulation schemes, the modulation process 

corresponds to switching (or keying) the amplitude, frequency or 

phase of the CW carrier between either of two values 

corresponding to binary symbols “0” or “1”. The three types of 

digital modulation are amplitude-shift keying (ASK), frequency-

shift keying (FSK) and phase-shift keying(PSK). 

Amplitude-Shift Keying (ASK) 

 

In ASK, the amplitude of the carrier assumes one of the two 

amplitudes dependent on the logic states of the input bit stream. 

This modulated signal can be expressed as: 

𝑥𝑐(𝑡) =  
0                   𝑠𝑦𝑚𝑏𝑜𝑙  "0"
𝐴 𝑐𝑜𝑠 𝜔𝑐𝑡   𝑠𝑦𝑚𝑏𝑜𝑙  "1"

  

Note that the modulated signal is still an on-off signal.  

 

Frequency-Shift Keying (FSK) 

 

In FSK, the frequency of the carrier is changed to two 

different frequencies depending on the logic state of the input 

bit stream. Usually, a logic high causes the center frequency to 

increase to a maximum and a logic low causes the center 

frequency to decrease to minimum. The modulated signal can be 

expressed as: 

𝑥𝑐(𝑡) =  
𝐴 𝑐𝑜𝑠 𝜔1𝑡           𝑠𝑦𝑚𝑏𝑜𝑙  "0"
𝐴 𝑐𝑜𝑠 𝜔2𝑡          𝑠𝑦𝑚𝑏𝑜𝑙  "1"

  

 

 

 

 

Phase-Shift Keying (PSK) 

 

In PSK, the phase of the carrier changes between different 

phases determined by the logic states of the input bit stream. In 

two-phase shift keying, the carrier assumes one of the two 

phases. A logic “1” produces no phase change and a logic “0” 

produces a 1800 phase changes This modulated signal can be 

expressed as: 

𝑥𝑐(𝑡) =  
𝐴 𝑐𝑜𝑠 (𝜔𝑐𝑡 + 𝜋)          𝑠𝑦𝑚𝑏𝑜𝑙  "0"
𝐴 𝑐𝑜𝑠 𝜔𝑐𝑡                       𝑠𝑦𝑚𝑏𝑜𝑙  "1"

  

 

Figure 3 illustrates the above digital modulation schemes for the 

case in which the data bits are represented by the polar NRZ 

waveform.  

 

Fig. 3− Digital Carrier Modulation 

 

ANALOG MODULATION USING LABVIEW 

 

The programs made in LabVIEW are called vi. It has two parts 

FRONT PANEL and BLOCK DIAGRAM. The front panel is the area 

where inputs and outputs are present, and block diagram is the 

area where program code is present. Here in analog modulation 

tool, we are performing Amplitude modulation(AM) and 

Frequency modulation(FM). 

The figure 4 shows the front panel for the Amplitude modulation. 

In 

the 

top 

left 

tunable knobs are present to set the amplitude and frequency of 

modulated signal. Here in figure, carrier frequency is 325 Hz. 

Message applied is a sinusoidal wave with frequency 13 Hz and 

amplitude 1 volts. DC offset and phase controls are provided for 

both message signal and the carrier wave. Which are currently at 

zero. 

A control is provided to add the noise and the amplitude of the 

noise will be decided by the user. The figure 4 show noiseless 

system. The figure 5 shows the system having a noise of 

amplitude 0.6 volts. Hence we can clearly see the difference 

between the noisy and noiseless modulation. 

The graph on the top right shows the message signal in real time. 

The middle graph shows the carrier wave. Here we observe that 

sinusoidal wave are very densely arranged, this is due to the high 

frequency of the carrier wave. 

The graph at the bottom right shows the modulated signal in 

time domain. And the graph at the bottom left shows the 

modulated signal in frequency domain. 

The figure 6 shows the block diagram demonstrating the G-code 

responsible for the amplitude modulation. 

 

() 
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Figure 4. Front panel showing the Amplitude modulation of the 

carrier wave by the sinusoidal message signal.       

 

 

 

Figure 5. Front panel showing the Amplitude modulation of the 

carrier wave by the sinusoidal message signal  with noise.                                                                                                                                    

 

 

 

 

 

 

 

 

 

Figure 6. Block diagram for Amplitude modulation. 

 

Frequency modulation is the process of varying the carrier 

frequency according to the amplitude of the message signal. FM 

technique is more resistant to noise as compare to the AM. The 

figure 7 shows the front panel of the frequency modulation. Here 

knobs are provided to adjust the amplitude and frequency of 

modulated and carrier wave. And on the right side graphs 

showing the message signal and the modulated signal 

respectively. On the bottom left graph showing the frequency 

domain analysis of the modulated signal. 

Figure 8 showing the block diagram of the frequency modulation 

and demonstrating the code behind the FM 

 

 

Figure 8. Block diagram of the frequency modulation. 

 

 

DIGITAL MODULATION USING LABVIEW 

 

Under digital modulation techniques, we are going to discuss 

Amplitude Shift Key (ASK), Frequency Shift Key (FSK) and Phase 

Shift Key (PSK) using LabVIEW. From the front panel we will 

select the modulating frequency, the message signal in digital 

form ( i.e.  series of zeroes and ones) and the type of digital 

modulation. The modulated signal will be shown graphically on 

the front panel. 

 

Figure 9 shows the front panel for Amplitude Shift Key. Here we 

have a variable knob for the selection of carrier frequency. An 

array of Boolean data type is used as digital message signal. It has 

Boolean switch which has two states,and OFF. ON state 

corresponds to logic high state and is denoted by green color. 

OFF state corresponds to logic low state and is denoted by white 

color. We have to select ASK from ‘MODULATION TECHNIQUES’. 

At the bottom a waveform chart display the modulated signal for 

the given message signal. 
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 Figure 9. Front panel for ASK modulation showing the change 

of amplitude in the modulated signal according to the message 

signal (fc =62 Hz) 

 

Figure 10 shows the front panel for the Frequency Shift Key. The 

carrier frequency is specified by the variable knob and select FSK 

from ‘MODULATION TECHNIQUE’. The output is shown at the 

waveform chart. Here we can clearly see the variation in the 

frequency of the modulated signal according to the message 

signal. The frequency is high where the message signal is active 

high.  

 

 

Figure 11 Shows The Front Panel for The Phase Shift Key. The 

carrier frequency is specified by the variable knob and the output 

is shown at the waveform chart. Here we clearly see the Phase 

Shift of 180 degree when the message signal changes from Low 

logic to High logic, and a Phase Shift of -180 degree when 

message signal changes for High logic to Low logic. 

 

 

 

 

 

 

 

 

 

Figure 11. Front panel for PSK modulation showing change in 

the phase of modulated signal according to message signal (fc= 

30  

Hz) 

 

CONCLUSION 

A new virtual experiment kit for analog and digital modulation 

based on LabVIEW was developed. This tool will be very helpful 

for the undergraduate students for understanding the concepts 

of different modulation tool. All the modulation parameters are 

defined by the user and channel noise can be added to see its 

effect on the modulation. The tool displays the time domain and 

spectral analysis of the modulated signal. Hence it is a budget 

efficient tool which can be used for the study of modulation 

without using expensive experimentation kits. 

 

Figure 10. Front 

panel for FSK Modulation showing change in frequency of modulated 

signal according to message signal (fc= 29 Hz). 
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