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Abstract: In this paper, the construction solution and the method of programming the platform for spatial 
imaging with sensors are presented. The mechanical construction of the platform is described in detail, as 
well as the electrical components needed for movement of the sensor carrier in the horizontal plane. 
Movement is achieved by two stepper motors, and movement control is obtained by connecting the 
corresponding Arduino and LabVIEW programs. The movement of the carrier from the initial position, 
through four arbitrary points, until it is placed again in the initial position was realised. The paper provides 
relevant technical data about the platform, connection diagrams, parts of the program code and 
accompanying discussion. 
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1. INTRODUCTION

Spatial imaging with sensors is done by moving into 
space, in a plane (two-dimensional space) or 
volume (three-dimensional space), a sensor or a 
system whose parameters are measured [1, 2]. 
This imaging can be realised for different purposes, 
just by replacing a sensor or the measuring system. 
Depending on the type of sensor, visible or invisible 
phenomena can be displayed by the human eye. 
For example, when current flows across a 
conductor, the only „visible“ appearance that 
indicates the existence of a magnetic field in the 
vicinity of the conductor is a mechanical force or 
torque, which can act on a nearby object that is 
sensitive to the magnetic field. Real image of the 
magnetic field can be seen by the sensors and this 
is exactly what is achieved by the application of the 
platform [1]. 
In a similarly way, by using other sensors, other 
fields, like electric or temperature, can be recorded, 
or other parameters, dimensions, friction or 
roughness can be measured. 
This paper shows the process of making the 
platform, its dimensions 700x700x300 mm, 
mechanical parts, electrical components and parts 
of the program code for motion control. Also, the 
paper provides an appropriate discussion of the 
realized platform and directions for further 
development. 
The platform will be used for teaching at master's 
studies at FTN in Čačak in the subjects Virtual 
Instrumentation (VI) and Electrical Measurements 
of Non-Electric Quantities (EMNEQ), as well as for 

research that will be carried out by students and 
teachers of the Faculty in the future. 

2. PLATFORM MODEL

Before beginning of mounting mechanics and 
electrical components, it is necessary to create a 
model in the 3D CAD design software. A model of a 
platform for spatial imaging with sensors is created 
using SolidWorks software and is shown in Figure 
1. This is necessary to do before the actual creation
of the platform, in order to achieve the desired form
on the model itself, through its development, and
to spot potential errors that may affect the
functionality of the platform in time.

The next step, after developing the model, is to 
form a list of required parts, which (for the realized 
platform) are given in Table 1. The table shows the 
component name and quantity. 
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A platform is designed to move in the horizontal 
plane (in two coordinate axes, X and Y). 

3. PARTS OF THE PLATFORM 

Table 1 shows the basic mechanical and electrical 
parts used to build a platform. 
 

Table 1. Specification of used mechanical and 
electrical parts 

Name of component Quantity/ 
Length 

1. Arduino MEGA 1pcs 
2. RAMPS 1.4 1 pcs 
3. Structural profile 20x20 mm 9 m 
4. 10mm aluminium round bar 4 m 
5. Aluminium tile 2 pcs 
6. Stepper motor 2 pcs 
7. 3M Timing belt pulley, tooth 

pitch 3 mm, width 11 mm/ 16 
mm for stepper motor 

6 pcs 

8. Screw M5 15 pcs 
9. Flat washer for screw M5 30 pcs 
10. T-slot nut sliding block swivel-in 

with spring Slot 8 - Type B - M5 
100 pcs 

11. Mounting enclosure  
(400x300 mm) 

1 pcs 

12. Power supply 12V DC  
(Power supply has huge 
capacity (30 A) for future 
upgrades) 

1 pcs 

13. Timing belt 
(width 10 mm, pitch 3 mm) 

1 pcs 

14. Corner connector for profile 
mounting 

25 pcs 

15. Optical sensor 2 pcs 
16. USB cable, B type 1 pcs 
17. Motor driver 2 pcs 

To assemble the mentioned parts so that they form 
a whole that will perform the desired task, it is 
necessary to use the following tools and measuring 
instruments: 
− electric drill, 
− electric grinder, 
− screwdriver set, 
− hex key set, 
− hand saw for metal, 
− tape measure and 
− digital multimeter. 

The supporting structure of the platform is made of 
aluminum structural profiles 20x20 mm, connected 
with corner connectors and screws. Mechanical 
energy is transmitted via timing belts, while 
stepper motors are used as actuators. Used stepper 
motors have a two-phase winding and middle 
derivative leads on the phases. A middle leads are 
not connected anywhere, because in this way the 
entire winding of a motor is covered. Limit switches 

are pass-through optical sensors with three ends. 
A sensor consists of a photodiode as a transmitter 
and a phototransistor as a receiver. When a piece 
of opaque plastic cuts the beam of light, a voltage 
signal of 5 V is obtained at the ends of the sensor. 
After mounting of the mechanical part of the 
platform, it is necessary to connect the electrical 
parts in a mounting enclosure according to the 
wiring diagram shown in Figure 2. 
The appearance of the inside of a mounting 
enclosure after connecting the electrical 
components is shown in Figure 3. It can be noticed 
that most of a mounting enclosure is empty, which 
was the intention, with the aim of later upgrading 
the platform as needed, that is, the addition of 
electrical components. 

 
Figure 2. Wiring diagram of electrical parts 

 

Figure 3. Inside a mounting enclosure 
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To start the stepper motors, the appropriate drivers 
are needed, which are connected to the RAMPS 1.4 
(an additional board for working with motors and 
sensors), which is previously connected to the 
Arduino MEGA control board via the appropriate 
array of pins. The RAMPS 1.4 development board 
offers advantages when used with already made 
libraries for use with 3D printers or mini CNC 
machines. For this platform, the use of already 
made libraries makes only starting the machine 
easier, but not its further development. Generally, 
this project does not require RAMPS 1.4, but the 
motor drivers themselves require an external 
power supply which is easiest to connect to the 
Arduino MEGA board, and the board then routes 
that power to all the drivers placed on the RAMPS 
1.4 board. 
Figure 4 shows the stepper motor driver, with the 
connection ends marked and the connection to the 
controller and motor. 

 
Figure 4. Driver connection diagram with motor, 

power supply and microcontroller 
To start the motor, it is necessary to transfer three 
signals from the Arduino board: 
− the first is the ENABLE signal which turns on the 

driver, 
− the second is the DIRECTION signal that defines 

the direction of movement and 
− the third is the STEP signal (an impulse that 

directly causes the motor to step). 
So the platform has two stepper motors and 
therefore two drivers. It is necessary to determine 
the six signals that are sent from the Arduino board 
to the RAMPS 1.4. Picture 5 shows the RAMPS 1.4 
with drivers, in a mounting enclosure of the 
platform. 

 
Figure 4. Layout of the RAMPS 1.4 board in the 

machine cabinet 

In the cabinet of the machine, the drivers are 
placed on the bottom two RAMPS 1.4 connectors. 
It is necessary to remove the drivers from the 
RAMPS 1.4, and remove the RAMPS 1.4 from the 
Arduino board in order to examine with a 
multimeter the connection ends to which the 
drivers are connected and their connection to the 
Arduino board. When the RAMPS 1.4 top and 
bottom connections are found, the pins on the 
Arduino that the driver is connected to are found. 
Figure 6 shows the known electrical connection 
diagram obtained after measuring with a 
multimeter. Knowledge of these connections is 
necessary for writing the program code, because it 
initially defines the connections on which the 
necessary electrical signals are generated or 
measured. 

 
Figure 5. Electrical connection and connections of 

the Arduino used by RAMPS 1.4 

4. PLATFORM PROGRAMMING 

The next step in creating a platform is 
programming the platform itself. The goal was to 
connect the platform to a computer with the 
LabVIEW program (LV [5]) in order to give 
movement commands via the computer, from the 
LV program. Considering the advantages of the 
RAMPS 1.4 board, it was decided to control the 
operation of the motor using the Arduino program 
[6], which is written on the Arduino MEGA board, 
and to set only the desired dimensions and 
positions in movement that the platform should 
achieve from the LV program. The connection for 
sending data is realized by serial communication 
via the USB port, using the VISA driver for serial 
communication in LV. It is also necessary to 
manage the drivers at the lowest possible level of 
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programming, which enables further development 
of the platform. 
The first step in programming is to assign digital 
and analog inputs and outputs, Figure 7. 

 
Figure 6. Assigning inputs and outputs to the 

microcontroller 

As can be seen in Figure 7, it is necessary to define 
in the program, before the void setup loop, all the 
names of the variables to which analog and digital 
inputs and outputs are assigned. 
The first part of the machine's main program is the 
HOME function, Figure 8. Given that the stepper 
motors were used, which do not provide 
information about the current position of the motor 
(unlike servo motors), it was necessary to define 
their initial position. The HOME process itself is 
performed by starting the motors in the direction of 
the coordinate origin, where the two optical sensors 
are located. They will move independently of each 
other until their corresponding sensor is activated, 
the sensor is a condition for stopping the motor. 
The second part of the code is related to the LV 
program, which was created for the needs of the 
platform. The Arduino program allows data to be 

sent and read on the computer via USB. During the 
development of the platform, it is planned to realize 
the movement of the sensor carrier from the initial 
position, through four arbitrary points, until it is 
placed back in the initial position. Assignment of 
points would be done from the LV program. In order 
to achieve this, it is necessary to load the 
coordinates of those points from the LV program. 
The easiest way to transfer information from LV is 
to send the information as a string, Figure 9. 
The written function reads the incoming string, 
divides it into a certain number of parts and finally 
converts those smaller strings into Int data type 
(Int is the only data type that can be used to specify 
the number of steps the motors should take). 
 

 
Figure 7. Calling and defining a string 

in a program

 
Figure 8. Part of the program code for returning the platform to its initial position 
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Figure 9. Splitting an input string into multiple parts 

 

Figure 10. Part of the function to move to the first point 

The variable String input string is the data that 
carries information about the coordinates of four 
points. Figure 10 shows the function that extracts 
data for each coordinate point. At the end of the 
function, the data related to the points is written 
into new variables that will later be used for 
movement. 
The third part of the program is related to 
movement from point to point. Motion functions 
can start executing immediately after entering the 
coordinates. Figure 11 shows part of the code for 
moving to the first point. There are three main 
conditions that determine how many steps each 
motor should take, in which direction each of them 
can move, and that after reaching the first point, it 
can move to the second point in exactly the same 
way as for the first. The Arduino microcontroller 
executes this code cyclically. That is why certain 
variables are used to lock re-movement to the first 
point (or a subsequent one), if this has already 
been done previously.  

5. LABVIEW PROGRAM 

The LabVIEW Program was created that can receive 
and send data to the Arduino via the USB port. In 
order for communication to be possible, it is 
necessary to use VISA drivers. Figure 12 shows the 
front panel used to run the platform. In the LV 
program, the port used (number 1) and the 
communication speed must be set, which in the 
Arduino program must be the same as on the front 
panel (number 2). It is important that these two 

speeds are the same, otherwise communication will 
not be possible. 

 
Figure 11. LV display of front panel 

In the operating mode window (number 3), it is 
possible to choose several modes of movement on 
the machine. The first mode does not perform any 
movement, the second mode returns the machine 
to the starting position, and the third and fourth 
perform platform movement along four-point 
paths. 
The block diagram in Figure 13 shows the use of 
the VISA driver. The Visa Write function (number 
5) is used to send data via USB. This function sends 
data of type String. The field in which the String 
with point data (number 4) is entered is formatted 
as follows X1; Y1; X2; Y2; X3; Y3; X4; Y4 with 
data for all 4 points in the Cartesian coordinate 
system. 
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The Visa Read function (number 6) reads the data 
sent from the Arduino, which is then displayed on 
the front panel of the LV program. 

 
Figure 12. Layout of the block diagram in the LV 

program 

6. FINAL APPEARANCE OF THE PLATFORM 
AND THE POSSIBILITY OF FURTHER 
IMPROVEMENT 

Figure 13 shows the looks of the platform after 
construction. 

 
Figure 13. The final looks of the platform 

The platform has been designed in such a way that 
numerous opportunities for improvement are left, 
and they are: 
− placement of the sensor on the support and 

spatial recording on the given surface, 
− mechanical finishing (if necessary), 
− Improvement of the program for the Arduino 

board, 
− simultaneous motor operation (currently, it is 

not possible to operate both motors at the same 
time in order to achieve movement along a 
given line, but first the operation of one motor 
to the given position along the corresponding 
axis is executed, and then the operation of the 
second motor along the other axis), 

− improvement of the LV program so that the 
mapping of the given surface of an arbitrary 

shape is performed and the movement 
management and setting of the movement 
parameters (speed, resolution, etc.) is done 
from the LV program and 

− speeding up of communication between the 
platform and the computer. 

7. CONCLUSION 

This paper shows the realization (construction and 
programming) of a platform for spatial imaging 
with sensors. The structural model of the platform 
implemented in the SolidWorks program is shown 
and the used mechanical and electrical parts are 
listed. The platform is made so that the sensor 
carrier moves in the horizontal plane (in two axes). 
The movement is performed using two stepper 
motors, and the Arduino MEGA board with the 
RAMPS 1.4 additional board and a personal 
computer, as well as the corresponding specially 
created Arduino and LabVIEW programs, were used 
to control the movement. During the testing of the 
platform, the movement of the carrier from the 
initial position, through four arbitrarily set points, 
to the return to the initial position was realized. 
At the end text, the final looks of the platform is 
shown and possibilities for its improvement are 
listed. The next step in the development of the 
platform is to place the sensors on the support and 
test the operation of the entire system. This can be 
an assignment for students who will attend the VI 
and EMNEQ subjects in the master's studies. 
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