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Abstract 

Arduino microcontroller platforms are frequently in use in the last few years. The reason is their 

simplicity, low cost, and availability of a large number of ready-made solutions on the Internet. The 

Arduino Integrated Development Environment itself has a Serial Monitor and Serial Plotter tools for 

data presentation. The Serial Monitor displays the textual and numeric values of the data obtained 

through the serial port. By using the Serial Plotter, measurement results from the Arduino serial port 

can be seen in the form of Real-Time diagrams. The deficiency of such a way of data visualization is that 

it does not provide many opportunities for change and adaptation to the user needs. This paper presents 

examples of several different programming environments which provide the good opportunities for 

presentation the results generated by the Arduino boards. Some hardware modules used to display data 

from the Arduino boards are also described in this paper. 
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1 INTRODUCTION  

The Arduino-based microcontroller 

boards are very popular in the last few years 

due to their low cost, simplicity, and func-

tionality. It is very often used to measure 

various parameters, as a research tool, or for 

entertainment [1, 2, 3]. There are a number 

of low-cost sensors, which can be easily 

connected to Arduino boards. The obtained 

results can be archived and later used for 

various purposes. There are different ver-

sions of the Arduino boards like the Ar-

duino Uno, Arduino Mega, Arduino Leo-

nardo, etc. The all are affordable, but due to 

their price, the most common is the Arduino 

Uno microcontroller board. The Arduino 

Uno is easy to operate and there are a num-

ber of ready-made software solutions on the 

Internet that works with this platform.  

 

 

 

For the users, who only need to monitor 

the current value of measured parameters, 

without archiving data, and with no need for 

better visualization, it is enough to connect 

some sensors to the Arduino board, and 

load the appropriate program (which is easy 

to find online and modified if needed) using 

the Arduino IDE (Integrated Development 

Environment). In such cases, by the use of 

the IDE tool Serial Monitor, and sending 

the measured values to the serial port, the 

results of measurements will appear in the 

format defined by the program. Another 

Arduino IDE tool, the Serial Diagram, pro-

vides an on-screen presentation of meas-

urements results in the form of time dia-

grams. Such a way of presenting data is 

very limited and hardly usable for further 
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research and analysis. To overcome this 

problem, different programming environ-

ments and hardware modules are used.  

In this paper, different ways of data vis-

ualization will be shown on a simple exam-

ple of temperature and humidity measure-

ments using the Arduino Uno microcontrol-

ler and DHT22 sensor. Measured data were 

displayed using the programs created in 

different programming environments (Pro-

cessing, Node-red, LabVIEW, and Visual 

Studio C #) and hardware modules (LCD, 

7-segment display, LED, and OLED dis-

play). The aim of this paper is to facilitate 

the selection of programming environments 

for working with an Arduino board and to 

give their advantages and disadvantages. 

Also, the paper aims to display various 

hardware modules, which are suitable for 

the self display of data without a PC. This is 

especially suitable for portable measuring 

devices development. 

2 ARDUINO UNO AND DHT22  

SENSOR CHARACTERISTICS 
 

 

  

a) b) 

Figure 1  a) Arduino Uno microcontroller board, and b) DHT22 sensor 
 

The Arduino Uno (Figure 1a) is a micro-

controller board with the 14 digital in-

put/output pins (6 can be used as PWM out-

puts), 6 analog inputs, 16 MHz ceramic res-

onator (CSTCE16M0V53-R0), USB con-

nection, power jack, ICSP header and reset 

button. It is based on the ATmega328P mi-

crocontroller. This board contains the USB 

port for simply connection to a computer, or 

powers it with an AC-to-DC adapter or bat-

tery to get started. The Arduino Uno board is 

the first in a series of USB Arduino boards, 

and reference model for the Arduino plat-

form. The main characteristics of the Ar-

duino Uno microcontroller are given in the 

Table 1 [4]. 
 

Table 1 Technical characteristics of the Arduino Uno microcontroller 

Microcontroller  ATmega328 

Operating Voltage 5V DC 

Input Voltage (recommended) 7-12V 

Input Voltage (limits) 6-20V 

Digital I/O Pins 14 (6 provide PWM output) 

Analog Input Pins 6 

DC Current per I/O Pin 40 mA 

DC Current for 3.3V Pin 50 mA 

Flash Memory 32 KB (ATmega328) (0.5 KB used by bootloader) 

SRAM 2 KB (ATmega328) 

EEPROM 1 KB (ATmega328) 

Clock Speed 16 MHz 
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The DHT22 is a digital sensor module 

(Figure 1b) that consists of a thermistor, for 

temperature measurement, and capacitive 

sensor, for determining the relative air hu-

midity. The DHT22 working temperature is 

from -40°C to + 80°C, and the relative air 

humidity range is from 0 to 100%. Tempe-

rature and humidity measurement accuracy 

are 0.5° C and 2%, respectively [5]. The 

DHT22 sensor module with 3 pins has been 

used in this research. The first pin (shown in 

Figure 2) is for ground (GND), the second 

for power supply (VCC), and the third for 

data transfer (DATA) [6]. 

 

 

 

Figure 2 Wiring DHT22 sensor module to Arduino Uno board 

 

For the DHT22 sensor module pro-

gramming, the DHT sensor library has to 

be installed by the Arduino Library Man-

ager. Also, an adequate code has to be 

written and uploaded on the Arduino Uno. 

After that, the measured values of temper-

ature and relative air humidity will appear 

on the Adriano Serial Monitor and Serial 

Diagram. On the Serial Monitor, the 

measured values appear in the format de-

fined by the code, and time diagrams of 

the measured parameters appear on the 

Serial Diagram (Figure 3). 

 

 

 
a) 

 
b) 

Figure 3 Data displayed on a) Serial Monitor and b) Serial Plotter on Arduino IDE 
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3 SOTFWARE TOOLS FOR DATA 

PRESENTATION  

In order to improve the presentation of 

data obtained by an Arduino board, a large 

number of different programming environ-

ments may be used. These environments are 

very different, both in terms of program-

ming, capabilities, and price. Some of them 

are free, while some are very expensive.  In 

this paper, we will present data measured 

with Arduino Uno and DHT22 sensor using 

the programs created in the Processing, 

Node-red, LabVIEW, and Visual Studio C 

# programming environments. 

3.1 Processing 3 

The Processing 3 is an open-source 
environment, a flexible software sketch-
book and language for learning how to 
code within the context of visual arts [7]. 
It has been promoting software literacy in 
visual arts and visual literacy in technolo-
gy since 2001. Processing is used for 
learning and prototyping.  

In terms of structure, the Processing 
IDE is similar to the Arduino. It has setup 
function and draw function like the Arduino 
has a setup and loop function. The Pro-
cessing IDE can communicate with the Ar-
duino IDE via serial communication. In this 
way, we can send data from the Arduino to 
the Processing IDE, and also from the Pro-
cessing IDE to the Arduino. The Processing 
IDE layout is shown in Figure 4.  

 
 

 

Figure 4 Processing code 

 

The Arduino board communicates with 

the PC using the serial port. Processing 

sketch can be used to read data from the 

Arduino board via serial communication 

by importing a Serial library (Figure 5). 

This library is already built-in Processing. 

 
 

 

Figure 5 Importing Serial Library in Processing sketch 
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The methods used by the serial com-

munication protocol are described below: 

To Import Serial library: import 

processing.serial.*; 

To create an object from Serial class: 

Serial myPort;  

To list all available serial ports: 
println(Serial.list());  

To define port number connected to 

Arduino board: 

String portName = Seri-

al.list()[0];  

To open the used port and define the 

Boud Rate:  
myPort = newSeri-

al(this,portName,9600); 

Figure 6 presents an example of dis-

playing data from athe Arduino Uno board 

and DHT22 sensor module by a program 

written in the Processing IDE. 

 

 

 
Figure 6 Arduino data visualization by using Processing script 

 

3.2 Node-red 

The Node-RED is a programming tool 

that connects hardware devices, APIs, and 

online services in new ways [8]. It has a 

browser-based editor that makes it easy to 

wire together flows using the wide range of 

nodes in the palette. Flows can be deployed 

to the runtime in a single click. The JavaS-

cript functions can be created within the 

editor using a rich text editor. Useful func-

tions, templates, or flows for re-use can be 

saved using the built-in library. 

The lightweight runtime is built on the 

Node.js. This makes it ideal to run on a low-

cost hardware such as the Raspberry Pi as 

well as in the cloud. There are over 225,000 

modules in the Node package repository. 

That makes it easy to extend the range of 

palette nodes to add the new capabilities. 

 

 
 

The Node-RED does not have prein-
stalled nodes for the Arduino, Serial port, 
and Dashboard. So, these nodes have to be 
installed with the following commands on 
the Command Prompt: 

npm install node-red -node-

arduino 
npm install node-red -node-

serialport 

npm install node-red -

dashboard 

The Serial port node (Figure 7a) is used 
to enable the Node-RED serial communica-
tion with the Arduino board. It has to be 
dropped from the Nodes palette into the flow 
section. By double click on the node, a pop 
window will appear. The correct number of 
COM port has to be chosen. The other pa-
rameters like the Boud Rate have to be de-
fined in this window (Figure 7b). 
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a) b) 

Figure 7 Serial port node object properties in the Node-RED programming environment 

 

Figure 8 shows an application that dis-

plays data from the Arduino Uno board 

and DHT22 sensor module. The flow 

dashboard is shown on the left, and the 

values and graphs of temperature and rela-

tive air humidity, obtained from the sen-

sor, are shown on the right side. 

 
 

  

Figure 8 Node-RED application for data visualization  from Arduino board 
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3.3 LabVIEW 

The LabVIEW is a software dedicated 
to the measurement applications that re-
quire test, measurement, and control with 
rapid access to the hardware and data in-
sights [9]. It offers a graphical programming 
approach that helps to visualize every aspect 
of an application, including hardware con-
figuration, measurement data, and debu-
gging. This makes it simple to integrate 
measurement hardware from any vendor, 
represent complex logic on the diagram, 
develop data analysis algorithms, and de-
sign custom engineering user interfaces. 

With LabVIEW and adequate hard-

ware, it is easy to build a custom mea-

surement solution to visualize and analyze 

 
 

 

real-world signals and to make data-driven 

decisions. Flexible test applications that 

control multiple instruments can be crea-

ted with the LabVIEW. Industrial equip-

ment and smart machines can be built 

faster using the LabVIEW. The LabVIEW 

can be used for teaching students in the 

classroom or lab, too.  

In our example, the Virtual Instrument 

Software Architecture (VISA) is used to 

connect the Arduino board with the Lab-

VIEW. The required object has to be selec-

ted from the Block Diagram window as 

follows: Data Communication > Protocols > 

Serial (as shown in Figure 9). 

 
 

 
Figure 9 Virtual Instrument Software Architecture objects window 

 

A VISA Configure Serial Port object 

allows users to choose which serial port to 

use and to set up the Baud Rate. The de-

fault Baud Rate is 9600.  

An example of a LabVIEW applica-

tion is shown in Figure 10. Figure 10a 

shows the Front Panel, and Figure 10b a 

the Block Diagram of this application. 

Controls, bar graphs, diagrams, and pa-

rameter values obtained from the Arduino 

Uno board and DHT22 sensor module are 

shown in the Front Panel. The Block Dia-

gram shows the elements that make up the 

LabVIEW application. 
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a) b) 

Figure 10 LabView application: a) Front Panel, and b) Block Diagram 

 

3.4 Visual Studio IDE | C# 

The Visual Studio IDE is a creative 

launching pad that can be used to edit, 

debug, and build code, and then publish an 

app. Such IDE can be used for many as-

pects of software development. Visual 

Studio includes compilers, code comple-

tion tools, graphical designers, and many 

more features to ease the software devel-

opment process [10]. Visual Studio IDE| 

C# is shown in Figure 11. 

 

 

 

The Visual Studio Code is a powerful 

source code editor which runs on a desk-

top and is available for Windows, macOS, 

and Linux. It comes with a built-in sup-

port for the JavaScript, TypeScript, and 

Node.js and has a rich ecosystem of ex-

tensions for other languages (such as C++, 

C#, Java, Python, PHP, Go) and runtimes 

(such as .NET and Unity). 

 

 

 

Figure 11 Visual Studio IDE | C# 
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The using statements at the top of code 

define links to the libraries (called 

namespace). Using System.IO.Ports has to 

be written to the top of code. After that, the 

SerialPort class can be used in the program 

for serial communication with the Arduino 

board. This class provides a framework for 

synchronous and event-driven I/O, access to 

the pin and break states and access to the 

serial driver properties [11]. 

Figure 12 shows how the SerialPort 

tool can be added to the Windows Form 

Application. From Toolbox, the Serial 

Port tool has to be dropped to Form. Prop-

erties of this tool will appear by the right 

click on it. 

 

 

 

Figure 12 SeralPort tool with serial port object properties in C#  

 

The Visual Studio programming IDE 

is available for Windows and Mac OS. An 

application for data visualization, obtained 

from the Arduino board, is developed in 

the Visual Studio C#. Real-time diagrams 

and numerical values, obtained from the 

Arduino Uno board and DHT22 sensor 

board, are shown in Figure 13. 

 

 

 

Figure 13 Visual Studio C# application for data visualization  from Arduino board 
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4 HARDWARE MODULES FOR  

DATA DISPLAYING FROM THE 

ARDUINO BOARDS 

There are different types of hardware 

modules that are used to display data from 

an Arduino microcontroller. Some of them 

are the 7 segments, LED, OLED, and LCD 

displays (Figure 10). The advantage of this 

way of displaying data is that a PC is not 

 

 

 
 

 

necessary after code has been uploaded to 

the Arduino.  

The measured values are shown on 

display. This way of displaying data is 

suitable for the portable measurement de-

vices [12, 13]. 

 

 

    
a)  b) c) d) 

Figure 10 Different types of displays: a) 7 segment, b) LED, c) OLED, d) LCD 

 

The most popular way for displaying in-

formation from the Arduino boards is made 

using the LCD displays. The LCD displays 

can be divided into two generic types: 

characters and graphics. Character LCD is 

the cheapest and simplest display. It con-

sists of several rows and columns. 1602 

LCD Display Module has 2 rows and 16 

columns and can display 32 characters. 

This display is simple and has full compa-

tibility with the all Arduino microcontro-

llers and processor boards. The 16x2 Ar-

duino LCD Keypad Shield is very popular. 

It includes and 6 push buttons. Figure 11 

shows an example of measurement results 

presentation by using the 1602 LCD Key-

pad Shield Module connected on an Ar-

duino Uno board. 

 

 

 
Figure 11 Measurement results presentation by using  

the 1602 LCD Keypad Shield Module 
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The LCD displays are frequently used 

for measurement the results presentation in 

portable measurement devices. An example 

of using the LCD2004 module (4x20 cha-

racters display) in a portable measuring 

device is given in Figure 12. In addition to 

the DHT22 sensor, this device has a sensor 

module for measuring the PM10 and PM2.5 

particle concentrations. 

 

 

 
Figure 12 Using the LCD display in a portable measurement device 

 

CONCLUSION 

This paper presents the different ways 

for data visualization obtained with an Ar-

duino board. Four different programming 

environments are used: Processing 3, Node-

red, LabVIEW and Visual Studio C #. Pro-

cessing 3 and Node-red are open-source 

free environments and there are numerous 

free examples on the Internet that can make 

their use easier for users who are not profes-

sional software developers. The LabVIEW 

environment provides a lot of possibilities, 

but it is necessary to know how this specific 

environment works, in order to develop the 

applications. In addition, the LabVIEW is 

an expensive package and is not affordable 

to everyone, after a trial period. The Visual 

Studio C # provides the biggest freedom for 

developers. However, the cost of the Pro-

fessional and Enterprise version of this pro-

gramming IDE is not negligible. For stu-

dents and for non-commercial purposes, a 

Community version is available for free. 

 

 

 

There are many other different program-

ming tools that can be used to display data 

obtained by the Arduino boards that are not 

mentioned in the paper. All users will 

choose the visualization method that suits 

them the best, based on their personal re-

quirements, needs, and possibilities. If the 

user priority is to read the measured values 

without a PC, then it is most convenient to 

use the hardware modules to display data 

from the Arduino boards. Such display 

modules are the low-cost and their imple-

mentation is not so complex for the com-

mon user of the Arduino IDE. 
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