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ABSTRACT 

In this article an alternative for the supervision and virtual monitoring of a Cartesian robot with three degrees of freedom 
using the MATLAB software and an interface with the robot, implemented with an Arduino open source development board is 
presented. The robot’s behavior can be observed remotely in real time, by virtual images displayed on a computer screen thus 
having the potential to be implemented in multiple tasks of monitoring and control of industrial processes. 

1. INTRODUCTION  
Given the need to address technological issues more related to the reality of the processes taking place in the industry, 
the creation of a monitoring tool based on the MATLAB platform in combination with the Arduino development board, 
which can take information from its surroundings through its input pins and a wide range of sensors is proposed. 
 
It is worth mentioning that through the MATLAB software, it is possible to generate images with the Patch function 
(The MathWorks, Inc. 1984-2010), that serves as a virtual interface for supervision and monitoring of industrial 
processes, through the display of an image showing operating conditions and that simulate what happens in a real way. 
This is a powerful and economical tool to perform monitoring and supervision of various industrial processes where it 
is essential to know in a remote way the state the system has to act accordingly [5].  
 
The program presented has the distinction of providing moving images representing the behavior of the process, giving 
the operator the impression of being present in a real plant.  
 

2. VIRTUAL MONITORING SYSTEM DEVELOPMENT  
 The signal acquisition system that interacts with the MATLAB software is an ATMEL series microcontroller within 
an Arduino development board. It is programmed using the Arduino language (based on Wiring) and the Arduino 
development environment (based in Processing)[1, 8, 11-14].Projects made with Arduino can run without the need of 
being connected to a computer, however, they have the potential to do that and communicate with different types of 
software, as in this case, with MATLAB [6, 19-20].  
 
There are various types of specialized and powerful software in the virtual monitoring and control of industrial 
processes such as LabView software and SCADA (Supervisory Control and Data Acquisition) systems, among others.  
It is noteworthy that the latter is nowadays widely used for this purpose [2-4]. Targeting these needs this basic 
application is presented, but with enough potential to achieve the goal.  It is worth mentioning that the proposed system 
has only the possibility to perform the supervision and monitoring of industrial processes, what is known as Dynamic 
Graphic Display in SCADA systems [7].  
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The change in position of the Cartesian robot is reduced to translations performed in three - dimensional space, 
therefore, the matrix approach has great advantages, since translational transformations are posed by the product of a 
matrix by a vector. It is important that each of these transformations are defined by a product, so that successive 
transformations can be applied on the same object and the whole of them can be considered, in turn, as a new 
transformation.  
 
Considering a position of a Cartesian robot in a three dimensional space. The p  point will be defined by three 
coordinates (x, y, z)  grouped in a vector x1, such that: 
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A vector will define a translation d so that the position point of vector x1 will occupy a new position of vector x2 , as 
shown in Figure 1 and is defined by: 
 

x2  x1 + d             (2) 
Or, in its expanded form: 
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Figure 1 Translating a point in a three dimensional space. 
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As it can be seen, the translation transformation is presented as the sum of two vectors.However, for the reasons stated 
in the preceding paragraph, there is interest in expressing the transformations as the product of a matrix by a vector, 
being as follows: 
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or, in compact notation: 

 
x2  Td * x1                                           (5) 

where, Td is the translation matrix. 
 
In equation 4 it can be seen that it was necessary to add a fourth element to coordinate vector x . This way of 
representing the vector is called of homogeneous coordinates.For the matrix product 4 to represent a translation, all the 
properties that characterize these transformations must be satisfied. 
 
These properties are used in MATLAB software in hgtransform function to generate images that depend on one 
another.That is, that the movement of a vector depends on the rotation and translation motion of others, thus, 
emulating the movements of an object in real life [9, 10, 18]. 
 
The variables that are updated to monitor the processes are introduced to the computer through an Arduino open source 
development board (Figure 2), allowing the reading and writing of both digital and analog variables. 
 

 
Figure 2 Arduino development board. 

 
For the demonstrative purpose of this work, three potentiometers simulating the outputs of the position devices located 
on the encoders of the Cartesian robot with three degrees of freedom and an additional potentiometer for detecting the 
position of the camera have been used.Then in Figures 3 and 4 some aspects of the graphic interface screen displayed 
and the potentiometers connection of the Cartesian robot with three degrees of freedom are shown [15-16]. 
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Figure 3 Graphical interfaces for controlling the Cartesian robot with three degrees of freedom. 
 
 

 
Figure 4 Connecting the potentiometers to the Arduino development board. 

 
 
Figure 5 shows the flowchart of the algorithm of the Virtual Monitoring System of the Cartesian robot with three 
degrees of freedom for reading variables via the USB port.Figure 6 shows the flowchart of the algorithm for generating 
the Graphical Interface in MATLAB [17]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 5 Flowchart of the algorithm for the Arduino program. 
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Figure 6 Flowchart of the algorithm for the interface program in MATLAB. 
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3. RESULTS  
The codes developed for the application are below. 
Source code for the program: Virtual Monitoring of a Cartesian Robot, with three degrees of freedom. 
 
function robot 
f = figure('MenuBar','none','NumberTitle','off','Name','Cartesian Robot',... 
    'Renderer','opengl','Units','normalized','Position',[0,0,1,1]); 
ma = uimenu('Label','File','Parent',f); 
mas = uimenu('Label','Exit','Parent',ma,'CallBack',@exit); 
ha = axes('Parent',f); 
set(ha,'DataAspectRatio',[1,1,1],'XLim',[-1.1,1.1],'Ylim',[-2.1,2.1],... 
    'ZLim',[0.8,4],'Visible','on','box','on'); 
view(-45,20); 
grid on 
 
ht=hgtransform('Parent',ha); 
hu=hgtransform('Parent',ht); 
hv=hgtransform('Parent',hu); 
 
u=0; v=0; w=2.5; r=0; s=0; t=0.8; 
%h1 patch vertices 
vertices1=[u-1 v-.1 w-.1;u-1 v-.1 w+.1;u-1 v+.1 w+.1;u-1 v+.1 w-.1;u+1 v-.1 w-.1;u+1 v-.1 w+.1;u+1 v+.1 w+.1;u+1 
v+.1 w-.1]; 
%h1 patch faces 
faces2=[1 2 3 4;5 6 7 8;1 5 6 2;7 3 4 8;2 6 7 3;1 5 8 4]; 
%3d figure of patch h1 
patch('Vertices',vertices1,'Faces',faces2,'FaceColor',[0.25,1,0.25],'Parent',ht); 
%h2 patch vertices 
vertices2=[u-.1 v-.2 w-.1;u-.1 v-.2 w+.11;u-.1 v+.2 w+.11;u-.1 v+.2 w-.1;u+.1 v-.2 w-.1;u+.1 v-.2 w+.11;u+.1 v+.2 
w+.11;u+.1 v+.2 w-.1]; 
%h2 patch faces 
faces3=[1 2 3 4;5 6 7 8;1 5 6 2;7 3 4 8;2 6 7 3;1 5 8 4]; 
%3d figure of patch h2 
patch('Vertices',vertices2,'Faces',faces3,'FaceColor',[1,0.25,0.25],'Parent',hu); 
%h3 patch vertices 
vertices3=[r-.1 s-.1 t-.8;r-.1 s-.1 t+.8;r-.1 s+.1 t+.8;r-.1 s+.1 t-.8;r+.1 s-.1 t-.8;r+.1 s-.1 t+.8;r+.1 s+.1 t+.8;r+.1 s+.1 t-
.8]; 
%h3 patch faces 
faces4=[1 2 3 4;5 6 7 8;1 5 6 2;4 8 7 3;1 5 8 4;2 6 7 3]; 
%3d figure of patch h3 
patch('Vertices',vertices3,'Faces',faces4,'FaceColor',[0,0.5,1],'visible','on','Parent',hv); 
 
%CAMERA PATCH 
a=0; b=-0.1; c=.01; 
 
vertices4=[a-.01 b-.105 c-.01;a-.01 b-.105 c+.01;a-.01 b+.105 c+.01;a-.01 b+.105 c-.01;a+.01 b-.105 c-.01;a+.01 b-.105 
c+.01;a+.01 b+.105 c+.01;a+.01 b+.105 c-.01]; 
%patch h1 faces 
faces5=[1 2 3 4;5 6 7 8;1 5 6 2;7 3 4 8;2 6 7 3;1 5 8 4]; 
%3d figure of patch h1 
patch('Vertices',vertices4,'Faces',faces5,'FaceVertexCData',[0.4,0.2,0],'FaceColor','flat','Parent',hv); 
 
%robot’s x left side bar 
d=-1.1; 
vertices5=[d-.1 v-2 w-.01;d-.1 v-2 w+.01;d-.1 v+2 w+.01;d-.1 v+2 w-.01;d+.1 v-2 w-.01;d+.1 v-2 w+.01;d+.1 v+2 
w+.01;d+.1 v+2 w-.01]; 
% h1 patch faces 
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faces6=[1 2 3 4;5 6 7 8;1 5 6 2;7 3 4 8;2 6 7 3;1 5 8 4]; 
%3d figure of patch h1 
patch('Vertices',vertices5,'Faces',faces6,'FaceColor',[0.75,0.75,0.75],'Parent',ha); 
 
%robot’s x right side bar 
d=+1.1; 
vertices5=[d-.1 v-2 w-.01;d-.1 v-2 w+.01;d-.1 v+2 w+.01;d-.1 v+2 w-.01;d+.1 v-2 w-.01;d+.1 v-2 w+.01;d+.1 v+2 
w+.01;d+.1 v+2 w-.01]; 
% h1 patch faces 
faces6=[1 2 3 4;5 6 7 8;1 5 6 2;7 3 4 8;2 6 7 3;1 5 8 4]; 
%3d figure of patch h1 
patch('Vertices',vertices5,'Faces',faces6,'FaceColor',[0.75,0.75,0.75],'Parent',ha); 
 
%robot’s y lower side bar 
e=-2; 
%h1 patch vertices 
vertices6=[u-1 e-.1 w-.01;u-1 e-.1 w+.01;u-1 e+.1 w+.01;u-1 e+.1 w-.01;u+1 e-.1 w-.01;u+1 e-.1 w+.01;u+1 e+.1 
w+.01;u+1 e+.1 w-.01]; 
% h1 patch faces 
faces7=[1 2 3 4;5 6 7 8;1 5 6 2;7 3 4 8;2 6 7 3;1 5 8 4]; 
%3d figure of patch h1 
patch('Vertices',vertices6,'Faces',faces7,'FaceColor',[0.75,0.75,0.75],'Parent',ha); 
 
%robot’s y topside bar 
e=2.1; 
%h1 patch vertices 
vertices6=[u-1 e-.1 w-.01;u-1 e-.1 w+.01;u-1 e+.1 w+.01;u-1 e+.1 w-.01;u+1 e-.1 w-.01;u+1 e-.1 w+.01;u+1 e+.1 
w+.01;u+1 e+.1 w-.01]; 
% h1 patch faces 
faces7=[1 2 3 4;5 6 7 8;1 5 6 2;7 3 4 8;2 6 7 3;1 5 8 4]; 
%3d figure of patch h1 
patch('Vertices',vertices6,'Faces',faces7,'FaceColor',[0.75,0.75,0.75],'Parent',ha); 
 
%ROBOT’S INITIAL DRAWING 
set(ht,'Matrix',makehgtform('translate',[0,-2,0])); 
set(hu,'Matrix',makehgtform('translate',[-1,0,0])); 
set(hv,'Matrix',makehgtform('translate',[0,0,0.8])); 
drawnow 
 
delete(instrfind) 
s = serial('COM20'); 
try 
fopen(s) 
catch 
hr=msgbox('Arduino device not connected. Press OK and try again','Arduino','error'); 
uiwait(hr) 
close(f) 
end 
set(s,'BytesAvailableFcn',@leer) 
x = -2; y = -1; z = 0.8; x1 = -2; y1 = -1; z1 = 0.8; 
    function exit(varargin) 
        fclose(s) 
        delete(s) 
        delete(f) 
    end 
    function read(varargin) 
        x1 = x; y1 = y; z1 = z; 
        string = fgetl(s); 
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        switch string(1) 
            case 'A' 
                x = str2num(string(2:end)); 
                x = linmap(0,1023,-2,2,x); 
            case 'B' 
                y = str2num(string(2:end)); 
                y = linmap(0,1023,-1,1,y); 
            case 'C' 
                z = str2num(string(2:end)); 
                z = linmap(0,1023,0.8,2.2,z); 
        end 
        if (power(x-x1,2) + power(y-y1,2) + power(z-z1,2)) > 0.0001 
            set(ht,'Matrix',makehgtform('translate',[0,x,0])); 
            set(hu,'Matrix',makehgtform('translate',[y,0,0])); 
            set(hv,'Matrix',makehgtform('translate',[0,0,z])); 
            title(sprintf('x = %g, y = %g, z = %g',x,y,z)) 
            drawnow 
       end 
    end 
    function y = linmap(x1,x2,y1,y2,x) 
        y = y1 + (y2-y1)/(x2-x1)*(x-x1); 
    end 
end 
 
Script for obtaining data via Arduino 
int x,y,z,alpha; 
void setup() { 
  Serial.begin(9600);  
} 
void loop() { 
   x=analogRead(0); 
   Serial.print('A'); 
   Serial.println(x); 
   y=analogRead(1); 
   Serial.print('B'); 
   Serial.println(y); 
   z=analogRead(2); 
   Serial.print('C'); 
   Serial.println(z); 
   alpha=analogRead(3); 
   Serial.print('D'); 
   Serial.println(alpha); 
   delay (100); 
} 

4. FINAL COMMENTS  
While it is true that the proposed system only applies to monitor production processes or monitoring the operation of 
machinery and mechanical equipment, and there are also specialized programs with application in this field, it has 
potential in its performance and applications that can be achieved, being a good alternative to implement in processes 
that require both monitoring and control of the task to complete, without making large investments before being 
implemented. 
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