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ABSTRACT 
 
This paper dives into the topic of using the frequency-shift 
keying method of modulation in a digital communications 
system. When using a communications system, to transmit a 
signal through long distances efficiently is by modulating the 
signal. In digital communications, there are three shift keying 
techniques; amplitude, phase, and frequency. This research 
focuses on the implementation of frequency-shift keying in 
modulating and demodulating a signal using MATLAB. 
 
Key words :Communication, Digital, Frequency Shift 
Keying, Modulation. 
 
1. INTRODUCTION 
 
Frequency shift keying (FSK) is the most used method of 
digital modulation in the high-frequency radio spectrum, 
being mostly used in telephone circuits, over telephone lines 
with caller ID (where the caller’s number is displayed [1, 2]. It 
is also used when transmitting low-frequency radio signals in 
the very low and extremely low-frequency bands, as well as 
automatic meter reading 
.  
In frequency-shift keying, the frequency of a sinusoidal 
carrier signal is shifted from a mark frequency (for example, 
sending a binary 1) to a space-frequency (sending a binary 0), 
according to the baseband digital signal [3,4,5]. 
Frequency-shift keying is the same as using a binary digital 
signal to modulate an FM carrier. 
 
Depending on how the signal was generated, a frequency-shift 
keying signal can be described as one of two types [6]. The 
first type is generated by switching the transmitter output line 
between two different oscillators. Using this method 
generates an output waveform that becomes discontinuous 
when the output line switches between the oscillators. This 
type of signal is called discontinuous-phase FSK because the 
signal is discontinuous during the switching times. This signal 
is represented by: 
 

(ݐ)ݏ = ܣ cos[ ߱ݐ + [(ݐ)ߠ	

=

⎩
⎨

ܣ⎧ cos[߱ଵݐ + [ଵߠ , 	ℎ݁݊ݓ	݈ܽݒݎ݁ݐ݊݅	݁݉݅ݐ	ℎ݁ݐ	݊݅	ݐ	ݎ݂
	ݐ݊݁ݏ	ܾ݃݊݅݁	ݏ݅	1	ݕݎܾܽ݊݅	ܽ																													

ܣ cos[߱ଵݐ + [ଵߠ , ℎ݁݊ݓ	݈ܽݒݎ݁ݐ݊݅	݁݉݅ݐ	ℎ݁ݐ	݊݅	ݐ	ݎ݂
ݐ݊݁ݏ	ܾ݃݊݅݁	ݏ݅	0	ݕݎܾܽ݊݅	ܽ																													

 

 
where f1 is called the mark frequency (where the binary is 1) 
and f2 is called the space-frequency (where the binary is 0). θ1 
and θ2 are the start-up phases of the two oscillators.  
 
Frequency-shift keying transmitters are not usually built as 
previously mentioned, so the second type is most often used. 
When the data signal is fed into a frequency modulator, a 
continuous-phase frequency-shift keying signal is generated. 
This FSK signal is represented by: 
 

(ݐ)ݏ 	= 	 ݏܿܣ ቈ߱ݐ + නܦ
௧

ିஶ
 ߣ݀(ߣ)݉

The paper primarily focuses on implementing the 
frequency-shift keying modulation of a binary signal using the 
functions and capabilities made available in MATLAB. The 
researchers decided to pursue this research to develop a 
deeper understanding of the way frequency-shift keying 
modulation is performed and applied in communication 
systems. Applications implementing digital communication 
systems that use the frequency-shift keying modulation 
scheme have been researched already, showing the viability of 
the modulation scheme. Modulation schemes are primarily 
used in transmitting messages or data from one place to 
another, so a simple system that consists of a transmitter and a 
receiver is the most obvious application for frequency-shift 
keying. Research has been done on an application of this, 
where an 86–92 GHz frequency shift keying transmitter is 
integrated with an antenna for broadband millimeter-wave 
applications [7]. Another application of frequency-shift 
keying that doesn’t necessarily require a conventional antenna 
is in the underwater acoustic communication system that uses 
multiple channel time frequency-shift keying [8]. Another 
research was done concerning underwater acoustic 
communication wherein frequency-shift keying was used in 
an ultrasonic underwater acoustic modem [9, 10]. Another 
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application is in the use of frequency shift-keying in 
noncoherent detection for low levels of visible light 
communication. This noncoherent detection used dimming 
frequency shift on-off keying, which is basedon the 
frequency-shift keying modulation scheme [11]. MATLAB, 
being a very powerful program for solving and simulating any 
system, can be used to great effect when dealing with 
frequency-shift keying modulation [12]  such as shown in 
research dealing with improving the adjacent channel 
suppression of a multiple frequency shift keying signals [13]. 
These studies show that frequency-shift keying is a very 
useful modulation scheme that has numerous applications that 
are continuously being improved upon. The researches' 
decision to use MATLAB provided the means to see the 
various components of frequency-shift keying and being able 
to see the output from different inputs helps the researchers 
learn more. 
 
Sending a message from one point to another is the very basis 
of a communications system. Nowadays, it is mostly used 
when calls, texts, or any kind of information has to be sent to 
faraway places. There are plenty of means to deliver 
information like antennas and cables. Since these means differ 
from one another most of the time, there have to be different 
methods of communication used to successfully deliver the 
information. When it comes to digital communications, an 
important thing that has to be considered is the type of 
modulation to be used to modulate the carrier signal. The 
different types of modulation in digital communications alter 
different characteristics of the signal. Knowing and 
understanding which characteristics should be altered to 
efficiently transmit and receive the signal is very important. 
The researchers aim to learn what frequency-shift keying is, 
how it is done, and what is the input and output of the 
modulation scheme. 
 
Communication is very important in this tech-driven world. 
To be able to handle or improve upon it requires an 
understanding of how the processes are done for it to work. A 
major part of sending any information through a 
communications system is modulating the signal. Because 
there are different modulation schemes in digital 
communications, being able to understand the way frequency 
shift keying works is essential when creating a digital 
communications system. To be able to efficiently transmit and 
receive a signal no matter the distance is important to 
maximize the use of power and components to put in the 
system.  
 
Modulating a signal is very important in communications 
because the information signals that are being transmitted face 
many obstacles before they reach a receiver. A common 
problem, especially in today’s age, is that numerous signals 
are being transmitted everywhere all at once. More often than 
not, these signals, if not modulated, will interfere with each 
other. Modulation prevents this. Another problem faced when 
transmitting a signal without modulation is that the signal will 
not reach very far. A modulated signal will be able to travel 
huge distances depending on its carrier frequency. Because of 

this, it knows how frequency-shift keying modulation works 
will help the user understand how and when to use it. 
 
For the project, the system is divided into three parts. The first 
part of the project is the implementation of the binary data into 
a digital signal. Following this, the second part of the system 
implements the FSK modulation onto the digital signal for 
transmission. The final part of the program creates white noise 
to be combined with the signal. The first part of the system 
was designed to accept an input of binary data which is then 
converted to a square wave digital signal. After this, the 
system then implements FSK modulation onto the signal. The 
carrier frequencies for the FSK modulation are coded into the 
program which can be changed and edited to the user’s 
preference. After the signal is modulated and ready for 
transmission, the signal is put through an Additive White 
Gaussian Noise (AWGN) channel to simulate noise due to 
natural causes to give a more accurate signal representation 
that the receiver will accept. The system is designed in a way 
where the user can modify the inputs for the signal. 
Additionally, the signal to noise ratio can be altered to 
simulate the different intensities of noise that the signal may 
encounter. 
 
2.  LITERATURE REVIEW 
 
In research by Indriyanto and Edward titled “Ultrasonic 
Underwater Acoustic Modem Using Frequency Shift Keying 
Modulation, they constructed an underwater acoustic modem 
with ultrasonic frequency using FSK modulation. Underwater 
acoustic communication technology is applied in different 
fields like underwater monitoring and surveillance system and 
underwater wireless sensor network. This utilizes water and 
sound waves as a propagation medium and to be able to 
communicate between nodes, an underwater acoustic modem 
is needed. The system is composed of microcontrollers, 
transducer, amplifier, and FSK modem. The experiment 
results showed that the frequency shift keying modem can 
send a text or data at 1200 bps through water media. The 
distance of 100 cm and 130 cm resulted in a BER value of 0% 
while at 170 cm, the value is at 35%. This shows that the 
increase in the number of bits sent and the increase in distance 
affects the value of BER.  

 
Hema Kale’s PC-PC communication using FSK modulator 
and demodulator paper focuses on an experiment using the 
FSK modulator and demodulator to make a connection 
between two computers. Data can be transmitted from one PC 
to another using Hyper Terminal and USB to TTL converter 
in the serial form [14]. The purpose of their research is to learn 
the basic technical theories of the use of USB to TTL 
converter and Hyper Terminal, interfacing analog electronic 
circuits and analog integrated circuits with the computer, 
serial data transmission of computers. The researcher aims to 
understand Acoustic Coupling with the use of the existing 
setup. To test the experimental setup, the researcher typed a 
random message on the first computer’s Hyper Terminal. The 
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same message was automatically displayed on the second 
computer’s Hyper Terminal without any delays or lag. The 
data transfer from one computer to another was successful 
using the FSK modulator and demodulator without any 
interference. 
 
Artdhita Fajar Pratiwi, Purwiyanto, Galih Mustiko Aji, 
Chairunnisa, Achmad Munir’s research is about using FSK 
modulation for radio communication of electronic 
information board applied for the early warning system for 
tsunami [15]. Frequency Shift Keying modulation equipped in 
radio communication is the most reliable system. When a 
natural disaster occurs, radio transmission can quickly 
reactivate in the wireless network since network 
infrastructures are destroyed during the calamities.  The 
information on the tsunami warning from the local disaster 
relief agency is transferred to the researcher’s proposed 
system that displays the warning visually. The radio 
communication with FSK modulation has the transmissibility 
of one frame per data which is composed of 8 bits which 
includes a start and stop bit within a second. This setup was 
effective in the creation of an early warning system for a 
tsunami.  
 
In the study of FSK transmission circuit for remote sensors 
integration in distributed measurement systems by Visan, 
Lita, and Raducu, a design and implementation of a 
communication circuit that is utilized for transmission of the 
signals from sensors in long distances. The circuit can be 
integrated within the conditioning modules that are used to 
process signals from sensors that are connected to remote data 
acquisition systems [17]. The researcher’s proposed circuit 
consists of the receiver and transmitter. The transmission part 
of the circuit functions with the technique frequency shift 
keying modulation with two discrete transmission frequencies 
of 400 kHz and 800 kHz while the receiver part is utilized as 
an asynchronous frequency shift keying demodulator. The 
maximum data transfer rate from their proposed circuit is 
100kbits per second but can be improved by increasing the 
carrier frequency and utilizing more rapid circuits. The 
proposed circuit improved its immunity to spurious signals 
and electrical noises. With the proposed circuits, it’s possible 
to multiplex signals from multiple different sensors to make 
the data transfer successful on the same physical channel. 
 
3.  THEORETICAL CONSIDERATION 
 
Frequency shift keying has various important applications in 
radio communications, emergency broadcasts, and telephone 
circuits [18,19,20, 21, 22, 23, 24]. It’s a frequency modulation 
system where data is transferred through the discrete 
frequency change of a carrier wave. Binary FSK is a 
modulation scheme utilized to send data between computers. 
In a binary manner to one or the other of two discrete 
frequencies, the data can be transferred through the shifting of 
the frequency of a continuous carrier. One frequency is 

assigned as the space-frequency while the other as the mark 
frequency and these correspond to binary one and zero. Mark 
frequency relates to the higher radio frequency by convention.  
The element length is the minimum duration of a mark or 
space condition and typical values range from 5 to 22 
milliseconds. Shift frequency is the difference between space 
and mark frequencies and ranges from 50 to 1000 Hertz. 
Halfway between space and mark frequencies is called the 
nominal center frequency. The deviation is equal to the 
absolute value of the shift frequency and the nominal center 
frequency and is normally equal to one-half of the shift. FSK 
coding schemes can be classified into two major groups, 
synchronous and asynchronous. Asynchronous rely on special 
bit patterns to control timing during decoding [25, 26, 27]. It 
does not require a reference clock. While synchronous signals 
have space-to-mark and vice versa transitions in synchronism 
with a reference clock. 
 

4. DESIGN CONSIDERATION 
 
For the project, the group decided to simulate the system in 
MATLAB. MATLAB brings simplicity and utility which is 
why it is favored by the researchers [28, 29]. The researchers 
wanted the program to be editable by the user which is why 
they designed it in a way that the program could take any input 
and still display the correct waveform. Also, the researchers 
wanted to simulate real-life applications for the signals which 
is why they added an AWGN channel [30, 31]. This channel 
adds noise to the signal which is a close simulation to practical 
uses for the signal. The students decided to stop before FSK 
demodulation to focus on all the details included in FSK 
modulation. FSK demodulation would be a topic on its own 
with the details and complexities involved. Included in the 
following is how the researchers coded the program: 
 

1 clc 
2 clearvars 
3 close all 
4  
5 x=[1 0 1 0 1 1 1 1 0 0 1]; 
6 bp=1;  
7 A=1.5;                             br=1/bp;                           

% bit rate 
8 f1=br*2;                           f2=br*5;                           

t2=bp/99:bp/99:bp;                  
9 mod=[]; 
10 for (i=1:1:length(x)) 
11     if (x(i)==1) 
12         y=A*cos(2*pi*f1*t2); 
13     else 
14         y=A*cos(2*pi*f2*t2); 
15     end 
16     mod=[mod y]; 
17 end 
18 c=[]; 
19 for n=1:1:length(x) 
20     if x(n)==1; 
21        j=ones(1,100); 
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22     else x(n)==0; 
23         j=zeros(1,100); 
24     end 
25      c=[c j]; 
26 end 
27 t1=bp/100:bp/100:100*length(x)*(bp/100

); 
28 subplot(3,1,1); 
29 plot(t1,c,'lineWidth',1.5);grid on; 
30 title('Digital Signal of Binary Data'); 
31 t3=bp/99:bp/99:length(x); 
32 subplot(3,1,2); 
33 plot(t3,mod); 
34 xlabel('Time'); 
35 ylabel('Amplitude'); 
36 title('FSK Modulated Wave'); 
37 %Introduction to the AWGN Channel% 
38  SNR=100; 
39  res=awgn(mod,SNR); 
40 subplot(3,1,3); 
41 plot(t3, res); 
42 title('FSK Signal Introduced to Noise'); 
43  xlabel('Time'); 
44  ylabel('Amplitude'); 

 

5. METHODOLOGY 
 
The students’ goal for this project was to simulate a system 
that prepares a digital signal for transmission through FSK 
modulation. The group accomplished this goal by creating a 
software program that properly simulates and represents a 
signal before and after modulation. The problem that arises 
from software implementation, however, is that the results 
may be inaccurate when implemented in hardware 
applications due to several external factors [32,33,34].  To 
remedy this, the group plans to introduce noise to the system. 
This is done to simulate real-life properties and application 
which is why the system puts the signal through an AWGN 
channel. Although the group thought about using Simulink to 
accomplish the implementation, the group decided to use 
MATLAB codes instead due to its utility and simplicity. 
Additionally, the signals would be better represented in using 
the plot function in the software. The group aims to show the 
utility and importance that FSK modulation brings in signal 
transmission through the processes mentioned. 
 
 
6. RESULTS AND DISCUSSION 
 
Input: [ 1 0 1 0 1 1 1 1 0 0 1] 

 

 
Figure 1: System having SNR of 0 

 

 
Figure 2: System having SNR of 5 

 

 
Figure 3: System having SNR of 100 

 
As seen in the data in the previous section, the input bits are  
[1 0 1 0 1 1 1 1 0 0 1]. Figure 2.1 shows a system with SNR of 
1. The first box in the figure shows the input bits in the form of 
a digital signal. The next box in the figure is the FSK 
modulated wave. As seen in the waveform, when the input is 
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0, the FSK modulated wave is compressed compared to the 
part wherein the input is 1. In the last box, the figure contains 
the FSK signal introduced to noise. As seen in the waveform, 
noise is introduced to the signal to simulate avoid inaccuracy 
in hardware implementations. In the next figure, the same 
input bits are used but the SNR of the system is now higher at 
5. For the last figure, the same is done but the SNR of the 
system is 100. Comparing the three different FSK signals 
introduced to noise waveforms, it can be seen that as SNR 
increases, noise in the signal becomes lesser. 
 
7. CONCLUSION 
 
This project focuses on the use of Frequency Shift Keying 
modulation to efficiently transmit and receive signals without 
interference and minimal error. The aim of the group for this 
experiment was to simulate a system that prepares a digital 
signal for transmitting using the Frequency Key Shifting 
modulation technique. The objectives of the system were 
successfully met. At the end of the experiment, the group was 
able to develop a deeper understanding of how Frequency 
Shift Keying works, its functions, and how essential it is in the 
application in different communication systems today.  FSK 
modulation is a widely used technique in the digital 
communications system like in radios and computers. This 
method is better than ASK in terms of noise immunity. Upon 
the research of the group, they were able to test and utilize the 
modulation scheme for better transmission of the signal given 
that there is an added noise to demonstrate a situation wherein 
signals transmitted have some kind of noise as a form of 
interference. This causes the transmitting of the signal to fail. 
With the fast-paced technology, we are faced with a problem 
of numerous signals are being transmitted all at once, the 
modulation scheme prevents this problem. The results of this 
project helped the group to understand the basic concepts and 
theories of Frequency Shift Keying modulation and applying 
it to provide a solution for an existing problem.     
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