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Abstract—Digital circuit systems are the backbone of the digital world and play a crucial role in diverse field
technology applications viz. computer, mobile, home appliances, in the military, air forces, navy, medical and space
and much more. In the present paper, the realization of digital circuit systems using Matlab and Simulink is
presented. The aim of this paper is to guide the searchers about the methodology for design digital systems using
Matlab and Simulink tools. In era of digital world, the understanding of realization of digital electronic circuits
using simulation approach will play guiding rolein theresearch
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I. INTRODUCTION

This paper addresses various digital devices and developing their MATLAB function script implementation using
embedded matlab function in Simulink model environment. Matlab stands for matrix laboratory, is a general purpose,
scientific computing integrated environment, commercial software package. It has editor window for Matlab script and
Simulink (graphical environment) to solve a simple mathematical problem to highly complex research-oriented problems.
Matlab Simulink, its toolboxes, and block sets, are well known and a leading mathematical application package in various
scientific disciplines. It is a high-level computation and simulation language that allows easy and reliable manipulation of
vectors and matrices. The latest version of Matlab with data structures, excellent graphics, Graphical user interface (GUI),
Simscape and Simulink, is an invaluable tool for research level and implementation.

Matlab can apply to solve different problems in diverse engineering fields [9-23]. Engineering simulation, using
Simulink graphical programming plays a crucial role in understanding and assessing the operation of a physical system.
Simulink built add-on Matlab, is a very interactive tool for modelling, simulating and analyzing multi-domain systems.
Matlab is an ideal tool for qualitative and quantitative analysis of generic and particular problems related to science and
technology. It has found the huge scope in laboratory projects. Hence, it has been adopted for teaching a variety of courses
in science and technology. The benefits of Matlab and Simulink have been well documented by several researchers [1-8].

This paper proposes the methodology in Matlab, to realize digital circuit system (DCS) on text-based description
function, m.file and graphical programming Simulink model using embedded Matlab function. In current work, the
graphical Simulink model approach uses block diagram realization with the MATLAB function script. Function script
implementation is a text based m.file description of the digital system under reference, which can be written in any text
editor for the output of DCSs.

II. DIGITAL CIRCUIT SYSTEMS

Digital circuit systems are the backbone of current technology and innovations, and these play a pivotal role in data
acquisition and analysis, control, home and industry appliances, military, space, education, health, automation, automobiles,
mobile, internet, radio, television, mobile and much more, mention few.

A. Binary Number System

Digital systems operate on the binary information and it’s based on the binary number system. It consists two number as 0
(low potential) and 1 (high potential), known as bits.

B. Fundamental Circuits
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The logic gates are the fundamental building blocks for digital circuit systems. These are OR, AND, NOT, XOR, NOR,
NAND, XNOR; and their characteristics table in form of truth table with two input A, B and one output as Y is depicted in
Table I.

TABLE I
Truth table for all logic gates
Output

Input 0 |F~| x @ a x
L1z |QE| S | © z S
< |z2=| x | 2 s Z
Al B |Y Y Y Y Y Y Y
0 0 0 1 0 1 1 1
0] 1 1 0 1 1 0 1 0
110 1 0 0 1 0 1 0
1 1 1 1 0 0 0 0 1

C. BCD to Seven Segments Decoder

To visualize the output data in digital format at the output stage, it is required to represent output data into the numeric
form. For which BCD to7-segment driver is required that converts the binary coded decimal data into 0-9 numeric form.
Seven segment elements are depicted in Fig.1.

o o w >

Fig.1. Seven Segments with BCD Input

The all the possible combinations for the BCD to 7- segment display driver, are described in Table II. That will be further
utilized to determine the expressions for outputs.

TABLE I
Truth table of BCD to 7-Segments Converter
BCD Input 7-Segment code
A|B|C|DJ|A b |C| D E F D
0l0]0]O0 1 1 1 1 1 1 0
01010 1 1 1 1 1 1 1 1
0|0 1 0 1 1 1 1 0 1 1
0|0 1 1 1 1 1 1 0 1 1
0 1 0] 0 1 1 0| 1 1 0 0
0 1 0 1 1 1 0 1 1 1 1
0 1 1 0 1 0 1 1 1 1 1
0 1 1 1 1 1 1] 0 0 0 0
1 0|0 O0]O 1 1] 0 0 0 0
1 0] 0 1 0 1 1 1 0 1 1

D. BCD to Excess-3 Code

In digital systems, another important code is excess-3 code. So it’s very useful to design the driver for BCD to
Excess 3. The Eexcess-3 code is a self-complementary code. The truth table of BCD to Excess-3 code-convertor is
shown in Table III.
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TABLE III
Truth Table of BCD to Excess-3 Code

BCD Input Code Excess-3 Output Code

A B C D w X Y z
0 0 0 0 0 0 1 1
0 0 0 1 0 1 0 0
0 0 1 0 0 1 0 1
0 0 1 1 0 1 1 0
0 1 0 0 0 1 1 1
0 1 0 1 1 0 0 0
0 1 1 0 1 0 0 1
0 1 1 1 1 0 1 0
1 0 0 0 1 0 1 1
1 0 0 1 1 1 0 0
1 0 1 0 1 1 0 1
1 0 1 1 1 1 1 0
1 1 0 0 1 1 1 1
1 1 0 1 1 0 0 0
1 1 1 0 1 0 0 1
1 1 1 1 1 0 1 0

E. Parity Bit Checker

In order to one-bit error detection, one-bit is added with the information during transmission, known as parity or check bit.
On the basis of a number of one’s in binary data are either odd or even number, a respective parity bit is either odd parity or
even parity. Truth table odd parity bit checker is depicted in Table IV.

TABLE IV
Truth Table Odd Parity bit Checker
4-bit Information Additional Parity
bit
A B C D P
0 0 0 0 0
0 0 0 1 1
0 0 1 0 1
0 0 1 1 0
0 1 0 0 1
0 1 0 1 0
0 1 1 0 0
0 1 1 1 1
1 0 0 0 1
1 0 0 1 0
1 0 1 0 0
1 0 1 1 1
1 1 0 0 0
1 1 0 1 1
1 1 1 0 1
1 1 1 1 0

1. METHODS OF REALIZATION OF LOGIC GATES IN SIMULATION ENVIRONMENT

A M-File In Matlab
There are two types of M-file in Matlab, depicted in Fig.2. M-files can be a script file that executes a sequence of
command or a function file that accept input argument and returns output argument.
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M-file

|1
v v

Script file: Consists of Function file: Accept input
sequence of Matlab argument and returns output
commands program

Fig.2. Type of Matlab Codes

B. Seps for Constructing a Script File

The steps for constructing a program in Matlab are as follows:

Step 1. Open the Matlab desktop via the window start menu or by double clicking on the Matlab icon on the desktop.

Step 2. Click on file new script this open new M-file Script window.

Step 3. Type the M-file script into the script editor window.

Step 4. Save the script by clicking on the save icon in the icon toolbar or clicking on file in the menu bar and selecting
save in the drop down menu. In the dialogue box that appears, select the folder where the script is to reside and type in the
file name of your own choosing. It is the best to use a folder that contains only own MATLAB script

Step 5. Before running the script, you need to go to the current folder box at the top of the MATLAB desktop, clicking on
down arrow and in the drop down menu, selecting (or browsing to) the folder that contains your new script

Step 6. Compile and run the MATLAB script from the script window either by clicking on the save and run green arrow in
the icon toolbar or alternatively from the command window by typing the script name (without the .m extension) in the
MATLAB command prompt.

Step 7. Observe the result of execution/output in command window/figure window

C. Function File
The general structure of function file is shown below:

Function [out_1, out 2........ ] = function_name [in_varl, in_var2....... ]
%HI1 line
%Help text
Function body

End

The first line containing keyword function followed by output parameters enclosed in square bracket followed by function
name and input arguments enclosed in parenthesis. In order to execute a function file, firstly go to the Matlab command
prompt and type the name of function. The input variables are supplied to the function.

D. Matlab FCN Simulink
The steps of embedded Simulink function are given as below:

Step 1. OpenSsimulink environment either clicking on Simulink icon on the toolbar of Matlab window.

Step 2. Drag Matlab FCN from user defined function library of Simulink.

Step 3. Enter sources and sink elements

Step 4. Connect sources, sink and Matlab function blocks

Step 5. Double click on the Matlab function, open new a editor window.

Step 6. Enter Matlab function script of given digital problem.

Step 7. Save code and run the script.

The Simulink model requires basic understanding of setting of configuration parameters by clicking none on automatic
solver parameters selection none. It is also the necessity to set solver and defining digital input as logical.

In the forthcoming section, basics of digital fundamentals and circuits realized using Matlab codes, function scripts,
embedded Matlab function of Simulink.
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TION IMPLEMENTATION OF DCSS

A. Implementation Of BCD to Seven Segment Convertor

MATLAB Script for BCD to Seven segment convertor is given in Fig.3.

% MATLARB script: DCS1bcdsevensegment.m

clc;
clear all;
close all;
clc;
A=logical (0
B=logical (0
C=logical (0
D=logical (0
for m=1:9
a=—A&~B|(A&C)|B|C;
b=~C|A&B|~A&~B;
c=A|~B|C;
d=~A&~B|~B&C|D|~A&B|~A&B&C;
e=—~A&~C|~A&B;
f=D|~A&C|~A&~B|~B&C;
g=~A&C|~B&C|D|~D&C;
end
disp (‘Truth Table of BCD to Seven Segments S')
Disp('A B C D a b ¢
Table=[A; B; C; D; a; b; c; d; e; f; gl;
Fprintf (%1 %i % %  %i

000
000
011
1 01

_—0 = O

0
1
0
0

%1 Yl

% MATLAB script to simulate BCD into seven segments

%clear the command window

%clear all the variables

%close all figure windows

% to clear the command window
% to define logical input

% to define logical input

% to define logical input

% loop initialization

% display the text
d e f g % display the text
% table contents
%1 %1 %i %i\n', table) %to write the data in
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MATLAB Script for BCD to Seven Segment Convertor

The Execution Matlab program script DCS1bcdsevensegment.m result is given in Fig.4.

Truth Table of BCD to Seven Segments S

A B C D a b ¢ d e f g
0 0 0 0 1 1 1 1 1 1 0
0 0 0 1 1 1 1 I 1 1 1
0 0 1 0 1 I 1 1 0 1 1
0 0 1 1 1 I 1 1 0 1 1
0 1 0 0 1 1 0 1 1 0 0
0 1 0 1 1 1 0 1 1 1 1
0 1 1 0 1 0 1 1 1 1 1
0 1 1 1 1 0 1 1 1 1 1

1 0 0 0 0 1 1 0O 0 0 O
1 0 0 1 0 I 1 1 0 1 1

Fig.4. Simulation Output of DCS1 BCD seven segment. m
A BCD INTO EXCESS-3 CODES

The Matlab script is used to convert the BCD into Excess -3 codes, shown in Fig.5.

% MATLAB script: DCS1bcdexcess3.m
% MATLAB script to simulate half adder
clc;

y= (C&D)|(~C&~D) ;
x=~B&(C|D)B&~(C|D);
w=AB&(C|D);

end

Disp(A B C D w X
Table=[A; B; C; D; w; x; y; z];
fprintf('%i  %i %i %i %i

clear all;
close all;
A=logical (0 0 0 000001111
B=logical (0 0 0 01 1110000
C=logical (0 0 1 100110011
D=logical (0 1 0 101010101
for m=1:16
z=~D;

Disp ("Truth Table of BCD to Excess -3 code convertor')

%clear the command window
%clear all the variables
%close all figure windows

; % to define logical input

; % to define logical input

; % to define logical input

% loop initialization

y 2)

%i % %i\n, table)

% display the text

% display the text
% table contents

%to write the data in text

Fig.5. Matlab Code of BCD into Excess -3 Codes

The Execution of Matlab program script DCS1bcdexcess3.m result is given in Fig.6.
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Truth Table of BCD to Excess -3 code convertor

BCD Excess-3
A B C D v w X y z
0 0 0 0 0 0 0 1 1
0 0 0 1 0 0 1 0 0
0 0 1 0 0 0 1 0 1
0 0 1 1 0 0 1 1 0
0 1 0 0 0 0 1 1 1
0 1 0 1 0 1 0 0 0
0 1 1 0 0 1 0 0 1
0 1 1 1 0 1 0 1 0
1 0 0 0 0 1 0 1 1
1 0 0 1 0 1 1 0 0
1 0 1 0 0 1 1 0 1
1 0 1 1 0 1 1 1 0
1 1 0 0 0 1 1 1 1
1 1 0 1 1 0 0 0 0
1 1 1 0 1 0 0 0 1
1 1 1 1 1 0 0 1 0

Fig.6. Simulation Output of DCS1bcdexcess3.m

The MATLAB Script for parity bit generation is given Fig.7 and shown below:

Mittarpal et al. / International Journal of Engineering and Technology (IJET)

% MATLAB script: DCS1paritybitchecker.m

% MATLAB script to simulate half adder

clc;

clear all;

close all;

clc;

A =logical (0 0 0 O

B =logical (0 0 0 0

C=logical (0 0 1 1

D =logical (0 1 0 1

for m=1:16
p=xor(xor(xor(A,B),C),D);

end

Disp ("Truth Table Odd Parity bit Checker")

Disp('A B C D p)

Table= [A;B;C;D;p];

fprintf('%i  %i  %i  %i  %i\n, table)

%.clear the command window
%_clear all the variables
%close all figure windows
% to clear the command window
% to define logical input
% to define logical input
% to define logical input

% loop initialization
% display the text

% display the text
% table contents

%to write the data in text

Fig.7. MATLAB Script for parity bit checker

The Execution of Matlab program script DCS1paritybitchecker.m result is depicted in Fig.8.
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Truth Table Odd Parity bit Checker
A B C D Parity (P)
0 0 0 0 0
0 0 0 1 1
0 0 1 0 1
0 0 1 1 0
0 1 0 0 1
0 1 0 1 0
0 1 1 0 0
0 1 1 1 1
1 0 0 0 1
1 0 0 1 0
1 0 1 0 0
1 0 1 1 1
1 1 0 0 0
1 1 0 1 1
1 1 1 0 1
1 1 1 1 0

Fig.8. Simulation Output of DCS1paritybitchecker.m

To realize the implementation of basic logic gates using Matlab function, necessity of develop matlab code. The
logic gate OR, AND, XOR are implemented using matlab function in Simulink is shown in Fig.9. The Matlab
script to implement the logic gates is depicted in Fig.10

Logical Input x

Logical Input y

Logical Input 2 MATLAE Fungion | Boolean Qutput of OR Operation| Boolesn Output of AND Operstiont |Boolean Qutput of XOR Operation2

Fig.9. Realization of Basic Logic Gates
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Function [OR, AND, XOR] =And Bollean Op(x, y, z)

% Usage:

% Compute and Boolean operation between x, y,

7 O ek s ok ek s ok e ok sk s o ks e o ek sk o sk sk o sk sk sk ok s ok sk sk o o

% Define input variable of function And Bollean Oprl
96************************************************************
% Inputs:

% Logical input x

% Logical input y

% Logical input z
96************************************************************

% Output variable of function And Bollean Oprl
96************************************************************
%Output

%Logical Function f(X, y, z)
96************************************************************

% Compute output of function And Bollean Oprl

96************************************************************

for m=1:8 % loop initialization
AND=x&y&z;
OR=x|y|z % control statement
XOR=xor (z, (xor(X, y)))

End % to terminate the loop

O/ %3k ks ok ks ks o sk sk sk ks Rk kR sk RSk sk sk R Rk Rk Rk R R kR

Fig.10. Matlab Script for AND, OR, XOR logical Gates
In Fig.11, BCD to seven segment Simulink model using embedded Matlab function is depicted.

Constent!

MATLAB Function

Fig.11. Realization of BCD to Seven Segment Converter
The Matlab code in form of function to convert BCD into seven segment code is shown in Fig.12. This
code is used in embedded matlab function.
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function [a,b,c,d,e,f,g]=BCD_2 Seven_ Segment (A,B,C,D)
% Usage:
%COnVert BCD to seven Segment COde 2k o sk ok sk ok sk sk ok sk sk st sk sk sk s s sk sk sk sk sk skosk sk skosk sk sk sk sk skoskoskoskok
% Define input variable of function BCD2sevensegment™ & diaciwsdoi stttk ok
% Inputs:
% A: Logical i/p % B: Logical i/p % C: Logical i/p % D: Logical i/p ***
% Output variable of function BCD2sevensegment# sttt aciowdontor tox
% Output:
% Element of seven segments
%a,b,c,d, e, f, g
for m=1:9 % loop initialization
a=~A&~B|(A&C)B|C;
b=~C|A&B|~A&~B;
c=A|~B|C;
d=~A&~B|~B&C|D|~A&B|~A&B&C;
e=~A&~C|~A&B;
f=D|~A&C|~A&~B|~B&C;
g=~A&C|~-B&C|D|~D&C;
end

Fig.12. MATLAB Script for BCD to Seven Segment Convertor
For the realization of half adder, subtractor and full adder, subtractor, the Simulink model using
embedded Simulink function is designed and it Matlab function code is shown in Fig.13 and model is
represented in Fig.14.

Function [a, b, c, d, e, f, g, h] =Combinational Digital Ctk(x1, yl, X, y, z)

% Usage:

%Combinational digital ctk

%******Define input variable of function Combinational Digital Ctl*******
% Inputs:

% x1: Define logical input x1 % y1: Define logical input y1

% Usage: Full adder

% x: Define logical input x

% y: Define logical input y

% z: Define logical input z

Y****#% Output variable of function Combinational Digital Clg ks sskssak
%Output:

% Half-adder % Sum ‘a’ %Carry ‘b’

% Full-adder % Sum ‘¢’ %Carry‘d’

% Half-subtractor %Difference, ¢ % Borrow,

% Full-subtractor %Difference, g % Borrow, h

for m=1:4 % loop initialization
a=xor(x1, yl); % control statement
b=x1&yl; % control statement

End

For m=1:8 % loop initialization
c=xor ((xor(x, y)), z); % control statement
d=x&y| (z& (xor(x, y))); % control statement

End

For m=1:4 % loop initialization
e=(~x1) &yljx1& (~yl); % control statement
f=~x1&yl; % control statement

End

For m=1:8 % loop initialization
g=x&~y&z|~x&y&~z|x&~y&~z[x&y& z; % g is difference
h=~x&y|~x&z|ly&z; % h is borrow

End

Fig.13. MATLAB Script for Combinational circuits - Adder and Subtractor
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Logical input

Logical inputi

Logical input2

Legical input3

Logical inputd

MATLAB Funclion

Fig.14. Realization of Half and Full Adder and Half and Full Subtractor
The conversion of BCD code into Excess-3 code using Matlab, Simulink model is depicted in Fig.15. This model is developed
using embedded matlab function. The code of conversion from BCD to excess-3 is shown in Fig.16.

MATLAB Function

Fig.15. Realization of Binary Decimal Code to Excess-3 Code
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Function [w, X, y, z] =DCS1bcdexcess3 (A, B, C, D)
% Usage:
%BCD to EXCESS-3 code conversion

O/ sk sk sk kst sk sk sk sk sk RRRRRRRRRRRRRRRSRRRSR R R R sk Rk R

% Define input variable of function DCS1bcdexcess3
%************************************************************
% Inputs:
% A: Logical input
% B: Logical input
% C: Logical input
% D: Logical input
%************************************************************
% Output variable of function DCS1bcdexcess3
%************************************************************
%Output:
%BCD to Excess-3 code
For m=1:16 % loop initialization

z=D;

y= (C&D)| (~C&~D);

x=~B& (C|D) |IB&~ (C|D);

w=AB& (C|D);
End

Fig.16. MATLAB Script for BCD to Excess-3 code Convertor
V. RESULT AND DISCUSSION

In present proposed study, it is tried to foster the generic purpose, scientific computing, integrated development
environment Matlab to digital electronics fellows.

VI. FUTURE SCOPE
It is well noticed from this study, simulation environment is more student centric learning to individual nascent.
Searching or scientific computing can be easily implemented by using Matlab. Learning of Matlab provides
multi-facet skill to diverse student in internet based fast growing technology oriented world.
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