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Projeto Integrado loT - PLASMaC

Objetivo

Criacdo de um sistema automatizado de captacdo de agua, tratamento com plasma
atmosférico e irrigacdo de cultivo de hortalicas.

Referencial Teodrico

As frutas, legumes e verduras constituem uma parte importante da dieta humana, porém
sédo veiculos de propagacédo de doengas, principalmente devido ao uso de 4gua impropria para
a irrigacéo e o cultivo em solo contaminado e por isso aumenta cada vez mais a necessidade do
desenvolvimento de novas tecnologias para descontaminacdo de &gua e alimentos que
preservem a sua qualidade e sejam sustentaveis.

O uso da tecnologia de plasma atmosférico no tratamento e funcionaliza¢éo de 4gua tem
se mostrado bastante promissora, uma vez que propicia a degradagcdo de contaminantes
guimicos e biologicos, além de promover a formacdo de espécies reativas de oxigénio e
nitrogénio que podem desempenhar papel importante na germinacdo e crescimento de plantas.

Utilizamos os artigos abaixo para o0 embasamento teérico do nosso projeto:

Descontaminacdo a plasma

Todorova, Y.; Benova, E.; Marinova, P.; Yotinov, |.; Bogdanov, T.; Topalova, Y. Non-Thermal
Atmospheric Plasma for Microbial Decontamination and Removal of Hazardous Chemicals: An
Overview in the Circular Economy Context with Data for Test Applications of Microwave Plasma
Torch. Processes 2022, 10, 554. https://doi.org/10.3390/pr10030554
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An Overview in the Circular Economy Context with Data for
Test Applications of Microwave Plasma Torch
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Abstract: The transformation of our linear “take-make-waste” system to a cyclic flow of materials and

energy is a priority task for society, but the circular use of waste streams from one industry /sector as

check for a material input for another must be completely safe. The need for new advanced technologies and

updates

P methods ensuring both microbiological safety and the removal of potential chemical residues in used
Citation: Todorova, Y.; Benova, E.; . . . .
materials and products is urgent. Non-thermal atmospheric plasma (cold atmospheric plasma—CAP)
Marinova, I; Yotinov, |; Bogdanov, . . . .
o has recently attracted great research interest as an alternative for operative solutions of problems
I; Topalova, ¥. Non-Thermal - . . . . . i
related to safety and quality control. CAP is a powerful tool for the inactivation of different hazardous

Atmospheric Plasma for Microbial

Decontamination and Remaval of microorganisms and viruses, and the effective decontamination of surfaces and liquids has been

Irrigacdo de cultivo com agua ativada por plasma (PAW)

Kucéerova, K.; Henselova, M.; Slovakova, L.; Bacovéinova, M.; Hensel, K. Effect of Plasma
Activated Water, Hydrogen Peroxide, and Nitrates on Lettuce Growth and Its Physiological
Parameters. Appl. Sci. 2021, 11, 1985. https://doi.org/10.3390/app11051985
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Effect of Plasma Activated Water, Hydrogen Peroxide, and
Nitrates on Lettuce Growth and Its Physiological Parameters
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Abstract: Cold plasma generated by atmospheric pressure air discharge is a source of various gaseous
reactive oxygen and nitrogen species (RONS). When the plasma is generated in a contact with water,
the RONS dissolve into water, change its chemical composition, while producing so-called plasma
activated water (PAW). The PAW has the potential to be effectively used in various agricultural
applications, as the long lived liquid RONS (H,0,, NO, ~, NO; ) may act like signaling molecules
in plant metabolism or serve as nutrients. We studied the effect of the PAW on lettuce plants and
compared it with the effect of HO; and/or NO;  solutions of various concentrations to assess their
tole in the PAW. The PAW was generated from tap water by DC driven self-pulsing transient spark
discharge. Pre-grown lettuce plants were cultivated in pots with soil and irrigated with the PAW or
ﬁ:ﬂtﬂ solutions of HyOp and/or NO3 . After 5 weeks the growth parameters, number and quality of leaves,
fresh and dry weight of plants, photosynthetic pigment (chlorophyll a + b) content, photosynthetic

Citation: Kuterovi, K.; Henselovd,
M.; Slovikovd, 1. Batovéinovd, M.;
Hensel, K. Effect of Plasma Activated

rate, and activity of antioxidant enzymes (superoxide dismutase, SOD) were evaluated. Lettuce

plants irrigated with the PAW in comparison with chemically equivalent solution of Hy 0, and NO,

Esquema geral do projeto

O projeto consiste na captacdo de agua e tratamento com plasma atmosférico para
descontaminacdo e posterior utilizacdo de cultivo de hortalicas, sendo todo o processo
automatizado e podendo ser controlado remotamente.



Estufa de 200m?

Capacidade de cultivo: 4mil cabecas de alface
Irrigacéo 3x/dia => 10 minutos cada

Esquema Arduino Umidade/Temperatura
Poténcia do Reator de plasma: 25W

Volume tratado: 250L/15 min

Frequéncia de tratamento: 8 ciclos/dia

Esquema Arduino Umidade/Temperatura

A simulagdo dos circuitos foi feita no Thinkercad e usada linguagem c++
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Nome |Quantidade Componente
Ul 1 Arduino Uno R3
u2 Mddulo Wifi (ESP8266)

1
R1 1 20 kQ Resistor
R2 1 10 kQ Resistor
1
1

SEN1 Soil Moisture Sensor

Sensor de temperatura
[TMP36]

u3

Sstring ssid = "Simulator Wif
String password 2
S5tring host = “api.thingspeak.com”;

t int httpPort = 2@;
String uri = "/update?api_key=8WIGRADBRFX6KLWI&field1=";

temp = Al;
soil = A2;
valorsoil;
t valorTemp;
valorsolar;
string status;

+ password + "
"0K") ) ret
rintln( "AT+CIPSTAR : \ " "\"," + httpPort);

ndData(String dados,String dados2,String status){
String httpPacket = "GET " + uri + dados2+"&field2="+dados +"&Ffield3="+status +" HTTP/1.1\
int length = httpPacket. UIOH
serial.print("AT+CIPSEN
Serial.println(length);
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d loo p l: :]

valor5oil = ana
valorTemp =
if{valorSoil
if{valorTemp <
status="1";
sendData{String(valorsoil),string(valorTemp),status);

‘ {
status="2";
sendData({String(valorsoil),string(valorTemp),status);
delay(1 3
}
telseaf
status="3":
sendData(5tring(valorseil),5tring(valorTemp} ,status);

Esquema Arduino pH/ Volume

GO uno _

= N T

REER

Nome Quantidade Componente
Ul 1 Arduino Uno R3

U2 1 Maodulo Wifi (ESP8266)
R1 1 20 kQ Resistor
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R2
Rpotl
SERVO1
PING1
M1
D1
R3

10 kQ Resistor

250 kQ Potencidémetro
Posicional Micro servo

Sensor de distancia ultrassénico
Motor CC

Vermelho LED

1 kQ Resistor

RlRr(R|IN|R|RP|R

String ssid = "Simulator Wifi";
String password
String host = "api.thingspeak.com™;
t int httpPort
String uri = "/update?api_key=07PGAXFAL6YOGZI8&Fieldl=";

Servo myservo;
t sensorPh =A8;
potValue;

£ motor
t led =
L pH;
distanciaCaixal;
t distanciaCaixa2;
status;
pulseduration

upE
Serial.
Serial.

Serdial.println(

Serial.println(
dela

ndData(String dados,String dados2, String status){

String httpPacket = "GET " + uri + dados+"&field2="+dados2 + "&field3="+status + " HTTP/1.1\r\nHost: " + host +
int length = httpPacket.length();
Serial.print("AT+CIPSEN
Serial.println(length);
ay(1e);
Serial.print(httpPacket);

(signal, OUTPUT);
digitalWrite(signal, LOW);

digitalWrite(signal, HIGH);

)5
digitalWrite(signal,
pii signal, INPUT);
pulseduration-pu In(signal, HIGH);
1

Mode(signal2, INPUT);
pulseduration=
il
k
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led,OUTPUT) ;
ignal2, OUTPUT);
signal, OUTPUT);
sensorPh, INPUT);
motor, OUTPUT);

ce();
-pul seduration,/?;
¥al = int(pulseduration/29);

i
pulseduration,/2;
distanciaCaixa? = int(pulseduration/29);

potValue = analc sensorPh);
pH = (14 * potValue 23);

if(distanciaCais

ng(pH), String(status));

stanciaCaixal),String(pH

status =

myservo. urite(

stanciaCaixal),String(pH), g{status) );

(led, HIGH) ;
status -
g(distanciaCaixal),String(pH),5t gistatus) );

Aplicativo

O aplicativo para controle remoto do sistema foi desenhado no software Adobe XD e
consiste em uma tela pra login, seguida de uma tela principal contendo informag¢des climaticas,
como temperatura e umidade, além de acesso aos dados de tratamento da agua captada e
irrigacdo do cultivo. Na tela de irrigacdo € possivel ver um histérico com a média de umidade do
solo, status da irrigacao diéria e histérico da temperatura na estufa, além de um botdo para
acionamento manual da irrigacédo. Ja na tela de tratamento da agua é possivel verificar o pH da
agua no reservatério, o nivel do reservatoério e botao para acionamento manual do tratamento de
agua.

Telade Acesso
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Tela de Tratamento de agua
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