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RESUMO 

A construção de uma Rede Local Sem Fio (RLSF) com um Sistema de Aquisição de multi-Dados (SAD) para 

aplicações educacionais é relatado, onde um banco de dados para a intensidade da luz, temperatura e potencial 

elétrico de um painel fotovoltaico foi gerado. Os sinais analógicos de três diferentes sistemas de 

sensores/transdutores são recolhidos e enviados para um placa Arduino Uno Revisão 3. Os sinais analógicos são 

convertidos em dados digitais através de um código guardado no microprocessador Arduino e, em seguida, 

transmitido via Internet através da utilização da tecnologia sem fios suportada por um servidor Arduino Uno WiFi 

acoplada à placa Arduino Uno. Dados da Internet são adequadamente recuperados, armazenados em uma base de 

dados, e  apresentado continuamente pelo software NI-Labview desenvolvido. Esta ferramenta fornece o professor 

controle remoto e monitoramento de experimentos físicos desenvolvidos pelos alunos, e seria muito relevante em 

Educação a Distância (EaD) onde as aulas experimentais podem ser desenvolvidas pelo tutor e aquisição de dados 

remotamente monitorado em tempo real pelo decente. 

Palavras-Chave: Arduino; Rede Local Sem Fio, Aplicações Educacionais. 

 

ABSTRACT 

The construction of a Wireless Local Area Network (WLAN) multi-Data Acquisition System (DAS) for educational 

applications is reported, were a database for light intensity, temperature and electric potential for a photovoltaic 

panel was generated. Analog signals from three different sensors/transducer systems are collected and sent to an 

Arduino Uno Revision 3 board. The analog signals are converted to digital data through a code saved on the 

Arduino microprocessor and then broadcasted to the internet by the use of the WLAN technology supported by an 

Arduino WiFi Shield server coupled to the Arduino Uno board. Data from the internet are properly retrieved, 

stored as a database, and continuously displayed by the development of a NI-Labview software application. This 

tool provides the teacher remote control and monitoring of physical experiments developed by students, and it 

would be very relevant in Distance Education (DE) where experimental classes can be developed by the tutor and 

the acquisition of data remotely monitored in real time by the teacher. 
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RESUMEN 

Es relatada la construcción de un sistema de adquisición de datos múltiples (DAS) con base en redes de área local 

inalámbrica (WLAN) para aplicaciones educativas, en el cual que se generó una base de datos para la intensidad 

luminosa, la temperatura y el potencial eléctrico de un panel fotovoltaico. Las señales analógicas procedentes de 

tres diferentes sistemas de sensores/transductores se recogen y se envían a una placa Arduino Uno Revisión 3. Las 

señales analógicas son convertidas a datos digitales a través de un código guardado en el microprocesador de la 

placa Arduino y luego se difunden pela Internet mediante el uso de la tecnología WLAN soportada por un servidor 

de internet en un shield WiFi compatible, acoplado con la placa Arduino Uno. Los datos de Internet se recuperan 

correctamente, se almacenan como una base de datos y se muestran continuamente a través de una aplicación de 

software desarrollada en NI-Labview. Esta herramienta provee al profesor de control remoto y monitoreo de los 

experimentos físicos desarrollados por los estudiantes, y sería muy relevante en la Educación a Distancia (DE) 

donde las clases experimentales pueden ser desarrolladas por el tutor y la adquisición de datos remotamente 

monitoreados en tiempo real por el profesor. 

Descriptores: Arduino; Red inalámbrica local; Aplicaciones educativas. 

 

 

 

INTRODUCTION 

 

Data acquisition is a general 

instrumentation procedure of sampling analog 

signals, resulting from arrays of 

sensors/transducers, to test real world physical 

phenomena and convert them into digital numeric 

values that can be displayed and stored by a 

computer. Today, data acquisition systems are 

essential and reliable tools in any scientific 

research laboratories allowing high speed multi 

data sampling in numerous applications, however, 

proprietary systems are often expensive and the 

details of the hardware-software design are not 

always available. In common applications data 

acquisition must often be realized in remote 

locations distant from laboratory facilities making 

it difficult to monitor the collected data in real 

time, in this situation, the use of Wireless Local 

Area Networks (WLAN), technologies to provide 

connection to the internet for data transference 

must be desirable. The Arduino is a simple 

automation tool that associated with WLAN 

provide the teacher control and real-time 

monitoring (by computer) the physical 

experiments developed by the students. The use 

of Wireless in remote monitoring is employed in 

animal (HANDCOCK et al, 2009), sensor 

network on an active volcano (WERNER-

ALLEN et al, 2006), landslide detection 

(RAMESH, 2009), monitoring system for 

fluoride affected areas (KUMAR et al, 2014), 

Habitat Monitoring (MAINWARING et al, 

2002), for intelligent building energy 

management (GRINDVOLL et al, 2012) and 

combining with Arduino (POZZEBON, 2015). 

The capability of sending digital data from a DAS 

to a website in real time would the information 

worldwide available for recovering and storing 

after proper filtering. Up to date, analog to digital 

signal converters (ADC) and WLAN technologies 

that allows an electronic device to participate in 

computer networking using electromagnetic radio 

bands are available under the open-source 

electronics platform based on Arduino hardware 

and software (WHAT IS ARDUINO?, 2015). The 

low cost of Arduino provides your application in 

LED stmulator system for vision research 
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(TEIKARI et al, 2012), experiments in 

psychological and neurophysiological settings 

(D´AUSILIO, 2012), in cross-disciplinary 

teaching of biology and computer science 

(GRASEL et al, 2010) controller for the smart 

assistive mobility hardware (LENGVENIS et al, 

2012), to measure response latencies 

(SCHUBERT et al, 2013) and 

Physics/Educational demonstrations (SOUZA et 

al, 2011; LÓPEZ-RODRÍGUEZ and CUESTA 

2015; KUBÍNOVÁ and ŠLÉGR 2015; PEREIRA  

et al, 2016; VARANIS et al, 2016; AMORIM  et 

al, 2015). In this paper, the construction of a 

wireless local area network (WLAN) multi-data 

acquisition system based on Arduino Uno 

Revision 3, Arduino WiFi shield board and 

specific NI-Labview (GRAPHICAL 

DEVELOPMENT ENVIRONMENT LABVIEW 

SYSTEMS, 2015) software applications is 

reported. This would also be very important in 

DE (BRASIL, 2006), where experimental physics 

classes could be carried out only with the 

presence of a tutor and remotely monitored by 

teacher. We use an experimental example, where 

the database for light intensity, temperature and 

electric potential for a photovoltaic panel was 

generated. This WLAN multi-data acquisition 

system based on the integration of Arduino and 

NI-Labview platforms can be applied to many 

physical experiments. 

 

 

MATERIALS AND METHODS 

 The basic characteristics of the system are 

depicted in Figure 1, analog data from three serial 

channels can be used as inputs to an Arduino Uno 

board that converts the signals to digital values, 

the Arduino Uno board broadcast the digital data 

to the internet through the Arduino WiFi shield 

that works as an internet server. Client browsers 

may navigate to the WiFi shield address and with 

the use of specific NI-Labview tools may recover, 

store and display the collected data. Data 

collection distance is an important tool to 

extrapolate the school environment, as provided 

with Arduino WiFi shield board and access to 

Internet connection, the teacher can propose 

scientific experiments as homework and monitor 

the data remotely. 

 

RESULTS AND DISCUSSION 

 An Arduino Uno Revision 3 and an 

Arduino WiFi Shield (THE ARDUINO WIFI 

SHIELD, 2015) boards are coupled through their 

electrical contacts, this system is connected to a 

computer through a Universal Serial Bus. By the 

other side, analog electrical signals from a light-

dependent resistor (to test solar irradiance), 

temperature from an LM35 precision integrated-

circuit device, and electric potential from a 

photovoltaic system (all three of them as function 

of time), are connected to the A0, A1, A2 inputs 

of the coupled system (Figure 1).  
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Figure 1: Scheme of the WLAN data acquisition 

system, analog electric signals from a solar panel, a 

photoresistor and a LM35 temperature sensors are 

sequentially collected and digitalized by the Arduino 

Uno board. The digital data is broadcasted to the 

internet by the Arduino WiFi Shield, then, a NI-

Labview application establishes a communication 

with the server and recovers all the available 

information. After a proper filtering process the 

desired information is stored and continuously 

displayed. 

 

 

The Figure 2(a) depicts the physical 

structure of the data acquisition system, the array 

of sensors/ transducers are organized in a 

protoboard and the analog signals are sent to the 

Arduino Uno board inputs. Part (b) shows a 

scheme of the input circuit that collects the 

sunlight intensity through a 10kΩ light dependent 

resistor (LDR). Part (c) depicts the input circuit 

for temperature acquisition, and part (d) shows a 

scheme of the input circuit that collects the direct 

voltage (DC) of a photovoltaic panel. A computer 

program is developed to convert the analog 

signals in numerical data and broadcast to the 

internet through the WiFi shield, the code is 

transferred to the microcontroller via USB and 

then the bus is disconnected, then a external 9 V 

DC power supply is connected to the Arduino 

system to operate. 

 

Figure 2: (a) Physical structure of the data acquisition 

system. (b) Scheme of the input circuit that collects 

the sunlight intensity through a light dependent 

resistor. (c) Input circuit for temperature acquisition. 

(d) Input circuit that collects the direct voltage (DC) 

of a photovoltaic panel. 

 

  

The ATmega 328 microcontroller of the 

Arduino Uno board is a 10 bit analogic digital 

converter ADC so it has the capability to detect 

1.024 (210) discrete analog levels of electric 

potential for each analog voltage source. A code 

in the Processing/Wiring Integrated Development 

Environment of the Arduino project was written 

to sequentially read the analog inputs and convert 

them to digital values, simultaneously, by the use 

of the specific Arduino Time library the exact 

date and time of the capture of each analog 

physical magnitude being registered are also 

sequentially recorded. These numerical values are 

synchronized as a function of the UNIX/POSIX 

time (THE UNIX TIME, 2015) that is a system 

for describing instants in time, defined as the 

number of seconds that have elapsed since 
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00:00:00 Coordinated Universal Time (UTC), 

Thursday, 1 January 1970. For the acquisition of 

the external DC voltage of the photovoltaic panel 

that reaches up to 9 V, the internal reference of 

the Arduino Uno board is used (1.1 V), for the 

sunlight intensity and temperature the default 

AVcc reference of the board (5 V) is used. After a 

serial lecture of the analog signals, the digital 

values and their corresponding date and time are 

sent to be printed at the serial monitor and also 

broadcasted to the internet. The WiFi shield starts 

communication with an open network using 

WLAN technology that allows electronic devices 

to participate in computer networking using 2.4 

GHz Ultra high frequency (UHF) and 5.0 GHz 

Super high frequency (SHF) radio broadcast 

bands. First, the Service Set Identifier SSID is 

broadcasted for the shield to connect, and WiFi 

Protected Access II (WPA2) Personal encryption 

protocol is used. By using the serial monitor of 

the Arduino software the actual UNIX/POSIX 

time in introduced to synchronize the WiFi shield 

server. When the system is connected to the 

internet the IP address and the collected digital 

data is displayed at the serial monitor, then, the 

USB cord can be disconnected from the Arduino 

Uno – Arduino WiFi shield system which must 

be reloaded with the aid of the external DC power 

that can be connected to a photovoltaic system in 

places were AC electric power is not available. 

Figure 3 shows the serial monitor of the Arduino 

board (on the left), and a web browser (on the 

right), connected to a Uniform Resource Locator 

(URL) corresponding to the WiFi shield server, 

both windows display the basic digital data being 

broadcasted for light intensity, temperature and 

DC Voltage all as a function of the time and date. 

 

Figure 3: Picture on the left: serial monitor of the 

Arduino board showing the converted numerical data 

together with the time and data of collection. Picture 

on the right: web browser window showing the 

response of the WiFi shield server upon request, all 

the information broadcasted is recovered in HTML 

format. 

  

For this work, the collected data is 

reloaded at a rate of 1.0 Hz, however, this 

refreshing time can be set according to particular 

purposes. At the internet, each digitalized data is 

public available temporarily and in our case will 

be used to make a database after proper and 

continuous recovering. The WiFi Shield does not 

store the collected data instead, broadcast it at 

variable time rates, the process of recovering, 

storing and displaying the digital data collected 

by the sensors/transducers is concretized through 

the employment of developed NILabview 

application. In order to capture the desired 

numerical data it is necessary to recover all the 

information in the Hyper Text Markup Language 

(HTML) response obtained upon request by the 

web browser, to do this, the DataSocket tool of 

NI-Labview was used. The DataSocket is an 

internet programming technology based on the 
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internet protocol suite TCP/IP that simplifies data 

exchange between computers and applications 

sharing and publishing live data in measurement 

and automation applications between different 

applications and between machines across the 

Internet. In the next, the process of building the 

software application is briefly described, first a 

DataSocket virtual instrument is opened, to start 

the communication with the WiFi Shield the 

Uniform Resource Locator (URL) must be 

introduced at the opening of the DataSocket. 

After connection, all the HTML content 

broadcasted by the server is recovered by the 

DataSocket Read virtual instrument as specified. 

Figure 4 shows, partially, the block diagram of 

the built application in the G programming 

language depicting the part of the Data Socket 

session, the HTML text recovering, and the 

process of data filtering (for a single sequence 

capture). 

Figure 4: Partial view of the software block diagram 

in the G programming language, only the process of 

capture of a single sequence of HTML data is 

presented. At the beginning the Data Socket session is 

opened, all the HTML data is recovered, and then the 

session is closed. After the data capture, a filtering 

process starts to select the numerical values from the 

set of strings recovered in HTML format. 

 

 To select the desired numerical data from 

the HTML content it is necessary to indicate the 

position of these data within the chains of string 

characters, the identification and selection is 

realized by means of a specific tool of the NI-

Labview called Match Pattern, the process 

consists basically in detecting particular chains of 

string before and after the desired numerical data 

and then to pick up and display the digits 

corresponding to the converted electric analog 

signals. Figure 5 shows a partial view of the front 

panel corresponding to the G-code shown in 

Figure 4. In the upper part, a window with the all 

HTML text recovered from the server is shown, 

in the lower part, individual windows show the 

numerical values selected with the use of the 

Match Pattern tool. As the data from the Arduino 

Uno board is reloaded at a specific time rate the 

process of filtering must be repeated in order to 

capture the sequential information, in this way, 

the G-code was implemented to repeat the capture 

process at a specific time rate compatible with the 

time rate of the Arduino Uno board- Arduino 

WiFi Shield system, these processes were 

implemented by means of the for loop tool. 
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Figure 5: Partial view of the front panel 

corresponding to the G-code shown in Figure 4. A 

window with the HTML text recovered from the 

server is shown in the upper part, in the lower part, 

individual windows show the numerical values 

selected with the use of the Match Pattern tool. 

 

 Once the desired numerical data is 

selected though the NI-Labview application it 

must be recorded, stored and displayed 

continuously in order to build a database of the 

physical magnitudes being measured. The 

numerical values for light intensity, temperature, 

and solar panel voltage are sequentially and 

continuously stored in different text files with the 

use of the Write To Spreadsheet File tool, at the 

same time, the numerical values are also 

continuously displayed at the computer monitor 

by means of the Build XY Graph tool. In the case 

of the plotting of the physical magnitudes as a 

function of time and data it is necessary to specify 

the format for the lecture of the POSIX/UNIX 

universal time in order convert the time stamp 

(sequence of characters or encoded information 

identifying when a certain event occurred), to 

custom time/data format that can be displayed for 

the Build XY Graph tool. Figure 6 shows a 

picture of the whole block diagram or G-code for 

the developed application software, the location 

and organization of the icons was optimized with 

the Clean Up tool. 

 

Figure 6: Complete block diagram or G-code for the 

application software developed in this work for the 

treatment of the electrical analog data collected by the 

Arduino Uno board and sent to the internet by the 

Arduino Wifi shield. 

 

 The Figure 7 shows the front panel of the 

final form of the NI-Labview application, for 

starting the data acquisition process the name and 

location of the text files for light intensity, 

temperature and solar panel voltage must be 

introduced. Three partial plots displaying the 

collected numerical data are also shown. 
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Figure 7: Final front panel of the software application 

that construct a database with the digitalized signals 

broadcasted to the internet by the developed data 

acquisition system. 

 

 As the Arduino Uno and Arduino WiFi 

Shield are continuously working the application 

can be initialized anytime and the digital data can 

be stored continuously for long times. 

 

CONCLUSION 

 We have constructed a simple data 

acquisition system that broadcast wirelessly 

digitalized data to the internet and recovers, 

stores and displays it with a software application 

in G-language. The available data is used to 

construct a database for light intensity, 

temperature and electric potential for a 

photovoltaic panel.  
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