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Abstract

The issue of precision agriculture has received considerable critical attention. However,
few studies to date have investigated variable-amount spraying device with dilution. The
objectives of this research were to develop variable-amount device with dilution and examine
its utility with liquid fertilizer. Using an Arduino-controlled hybrid system with Wi-Fi, the
correlations between valve travel position and volumetric flowrate were calculated to determine
the relationship of valve travel position and dilute factor. Results of this research revealed that
a linear trend appear when the valve travel position is within 24% and 34% and the flowrate is
within 0.17 L/min and 0.34 L/min, and also showed that dilution factor was highly accuracy
within 1.5 and 3.0. Moreover, an app was developed so that users could assign the dilute factor
and sent data via Wi-Fi. In conclusion, we have been successful in developing an accurate
variable-amount spraying device with dilution and WiFi-controlled. This research expects in

contribute to ongoing discussion about dilution in variable-amount application.

Keywords: variable-amount, hybrid system, Wi-Fi controlled
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%23 F e TERFT R
7 e R % % & @ (mS/cm) S4 A
Sewage sludge 0.20 Jambaldorj et al.,2007
Cow Manure 10 Kalbani et al.,2016
Chicken+ cow 10 Kalbani et al.,2016
Chicken manure pellet 9 Kalbani et al.,2016
Agro fish pellet 10 Kalbani et al.,2016
Raw municipal waste compost leachate 8.04 Romero et al.,2013
Digested municipal waste compost leachate 12.10 Romero et al.,2013
Pig slurry 0.16 Sa’nchez et al.,2005
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& A I EGPS Spoorthi et. al., 2017
S 57 skleg B K B 5 A2 DGPS -~ GIS Zaman et. al., 2005

Sensor-Based
Plant Cover Sensor Dammer and Ehlert, 2006
Ultrasonic Sensor Jeon et. al., 2010
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F12.3 & % *f 7% @ (Bugaje® + - 2015)
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R

&) sketch_may09a | Arduino 1.8.5 =8 = |

B
&

= 8£

sketch_may0da

#include <OneWire.h>
HardwareSerial & Esp8266 = Semall;

[y »

[/ WIFI Region
#define DEBUG true
#define SSID "davin” {/SSID
#define PASSWORD "k2323834" //password

ing Write = "JB0TKSE138KQFLLO";
String Read = "E39LS6KIVKKY23SZ";

L1 L

// Seneor Region

< 1 b

ino Mega or Me,

©)3.3 Arduino IDE 4 &
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OK CLEAR

| Status :

Sensor

Input Conductivity :

Requested Conductivity :

15/cm

Send

mS/cm

Valve Openinig

Input Valve :

Control Valve :
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Ua

A g
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=
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it —  Arduinogr AppT & 2 23575

#include <ArduinoJson.h>

#include <OneWire.h>
HardwareSerial & Esp8266 = Seriall;

I WIFI Region

I

I

#define DEBUG true

#define SSID "davin" /[SSID

#define PASSWORD "k2323834" //password

String Write = "J80TKSE138KQFLLO";
String Read = "E39LS6K1VKKY25SZ";
I

I

/I Sensor Region

I

I

#define StartConvert 0

#define ReadTemperature 1

const byte numReadings = 20; /lthe number of sample times

byte ECsensorPin = Al; //EC Meter analog output,pin on analog 1

byte DS18B20_Pin = 2; //DS18B20 signal, pin on digital 2

unsigned int AnalogSamplelnterval=25,printinterval=700,tempSamplelnterval=850;
/lanalog sample interval;serial print interval;temperature sample interval

unsigned int readings[numReadings]; /I the readings from the analog input
byte index = 0; /I the index of the current reading

unsigned long AnalogValueTotal = 0; /I the running total
unsigned int AnalogAverage = 0,averageVoltage=0; /I the average
unsigned long AnalogSampleTime,printTime,tempSampleTime;

float temperature,ECcurrent;

/[Temperature chip i/o
OneWire ds(DS18B20_Pin); // on digital pin 2
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I

I

Il Valve Region

I

I

const int ValvelnReturnPin = A3; // Input Valve

const int ValveControlReturnPin = A5; // Water Valve
const int ValvelnPin = 7; // Input Valve

const int ValveControlPin = 9; // Input Valve

float Valveln = 1; /[ input valve open percentage

int ValvelnValue = 1; Il input valve

float ValveOut = 100; /I Output valve open percentage
int ValveOutValue = 1; // Output valve

float ValveCtrl = 1, /I Control valve open percentage
int ValveCtrlValue = 1; /I Control valve

float DiluteRatio = 1; // Dilute ratio

float ValvelnReturn = 1;
float ValveOutReturn = 1;
float ValveControlReturn = 1;
float field1=0;
float SetValue=1.5;
I
I
float TempProcess(bool ch)
{
/lreturns the temperature from one DS18B20 in DEG Celsius
static byte data[12];
static byte addr[8];
static float TemperatureSum;
if(lch){
if (!ds.search(addr)) {

Serial.printIn(*no more sensors on chain, reset search!™);

ds.reset_search();
return O;

}
if (OneWire::crc8( addr, 7) I=addr[7]) {
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Serial.printIn("CRC is not valid!");
return O;
}
if (addr[0] '= 0x10 && addr[0] !'= 0x28) {
Serial.print("Device is not recognized!");
return O;
}
ds.reset();
ds.select(addr);
ds.write(0x44,1); // start conversion, with parasite power on at the end

¥
else{
byte present = ds.reset();
ds.select(addr);
ds.write(0XBE); // Read Scratchpad
for (inti=0;i<09;i++) {// we need 9 bytes
data[i] = ds.read();
¥
ds.reset_search();
byte MSB = data[1];
byte LSB = data[0];
float tempRead = ((MSB << 8) | LSB); //using two's compliment
TemperatureSum = tempRead / 16;
}
return TemperatureSum;
}
I
I
I
boolean connectWiFi()
{
Seriall.printin("tAT+CWMODE=1");
Wifi_connect();
}
I
I

void Wifi_connect()
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String cmd="AT+CWJAP=\"";

cmd+=SSID;
cmd+="\"\";
cmd+=PASSWORD;
cmd+="\"";
sendDebug(cmd);
Loding(""Wifi_connect");

¥

Il

Il

void Loding(String state){
for (int timeout=0 ; timeout<10 ; timeout++)
{
if(Seriall.find("OK"))
{
Serial.printin("RECEIVED: OK");
break;
¥
else if(timeout==9){
Serial.print( state );
Serial.printin(* fail...\nExit2");

}
else
{
Serial.print("Wifi Loading...");
delay(500);
}
}
}
void sendDebug(String cmd)
{
Serial.print("SEND: ");
Serial.printin(cmd);
Seriall.println(cmd);
}
/!
/!
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void sendATcmd(char* cmd, unsigned int msDelay,bool dbg) {
String espMsg=""";
unsigned long timeout = millis()+msDelay;
Serial.print(">>ESP-01: "+String(cmd)); // debug
Seriall.print(cmd); // send AT command to ESP-01
while ( Seriall.available() || millis()<timeout ) {
while ( Seriall.available() ) {
espMsg += (char)Seriall.read();

}
}
if (dbg) {
Serial.print(String('<<ESP-01: ")+espMsg);
}
}
Il
Il

/I query data from ThingSpeak
void queryThingSpeak(char* ipName,char* channelName, String apiKey, float X) {
String tcpCmd = "AT+CIPSTART=\"TCP\"\"" + String(ipName) + "\",80\r\n";
String getCmd = "GET /channels/" + String(channelName) +
"[fields/1/last.json?api_key="+ String(apiKey) +
"&timezone=Asia/Taipei"+"\r\n";
String cipCmd = "AT+CIPSEND=" + String(getCmd.length()) + "\r\n";
sendATcmd(tcpCmd.c_str(),2000,DEBUG); // ask HTTP connection, and wait
the server to ack "OK"
sendATcmd(cipCmd.c_str(),2000,DEBUG); // start CIPSEND request, and wait
the server to ack "OK"
sendATcmd(getCmd.c_str(),2000,DEBUG); // send GET command
¥
I
I
// update data to ThingSpeak
void updateThingSpeak(char* ipName, String apiKey,float inputconductivity, float
inputvalve, float ctrlvalve) {
String tcpCmd = "AT+CIPSTART=\"TCP\"\"" + String(ipName) + "\",80\r\n";
String getCmd = "GET /update?key="+ String(apiKey) + "&field2=" +
String(inputconductivity) + "&field3=" + String(inputvalve)+ "&field4="+
String(ctrlvalve)+"\r\n";
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String cipCmd = "AT+CIPSEND=" + String(getCmd.length()) + "\r\n";

sendATcmd(tcpCmd.c_str(),2000,DEBUG); // ask HTTP connection, and wait the server
to ack "OK"
sendATcmd(cipCmd.c_str(),2000,DEBUG); // start CIPSEND request, and wait the
server to ack "OK"
sendATcmd(getCmd.c_str(),2000,DEBUG);
¥
Il
I
void setup() {
/I initialize serial communication with computer:
Serial.begin(115200);
// initialize all the readings to 0:
for (byte thisReading = 0; thisReading < numReadings; thisReading++)
readings[thisReading] = 0;
TempProcess(StartConvert);  //let the DS18B20 start the convert
AnalogSampleTime=millis();
printTime=millis();
tempSampleTime=millis();
I
I
Esp8266.begin(9600);
sendDebug("AT");
Loding("'sent AT");
connectWiFi();
I
I

void loop() {
/*
Every once in a while,sample the analog value and calculate the average.
*/
if(millis()-AnalogSampleTime>=AnalogSamplelnterval)

{

AnalogSampleTime=millis();
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/I subtract the last reading:
AnalogValueTotal = AnalogValueTotal - readings[index];
/I read from the sensor:
readings[index] = analogRead(ECsensorPin);
// add the reading to the total:
AnalogValueTotal = AnalogValueTotal + readings[index];
/l advance to the next position in the array:
index = index + 1;
/' if we're at the end of the array...
if (index >= numReadings)
/I ...wrap around to the beginning:
index = 0;
/I calculate the average:
AnalogAverage = AnalogValueTotal / numReadings;
¥
/-k
Every once in a while, MCU read the temperature from the DS18B20 and then let the
DS18B20 start the convert.
Attention:The interval between start the convert and read the temperature should be
greater than 750 millisecond,or the temperature is not accurate!
*/
if(millis()-tempSampleTime>=tempSamplelnterval)
{
tempSampleTime=millis();
temperature = TempProcess(ReadTemperature); // read the current temperature from
the DS18B20

TempProcess(StartConvert); //after the reading,start the convert
for next reading

}

/*

Every once in a while,print the information on the serial monitor.
*/
if(millis()-printTime>=printinterval)
{

printTime=millis();
averageVoltage=AnalogAverage*(float)5000/1024;
Serial.print(Analog value:");

Serial.print(AnalogAverage);  //analog average,from 0 to 1023
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Serial.print(" Voltage:");

Serial.print(averageVoltage); //millivolt average,from Omv to 4995mV
Serial.print("mVv ");

Serial.print("“temp:");

Serial.print(temperature); /lcurrent temperature

Serial.print(""C EC:");

float TempCoefficient=1.0+0.0185*(temperature-25.0); /ltemperature compensation
formula: fFinalResult(25*C) = fFinalResult(current)/(1.0+0.0185*(fTP-25.0));
float CoefficientVolatge=(float)averageVoltage/TempCoefficient;
if(CoefficientVolatge<150)Serial.printIn("No solution!™);  //25"C 1413us/cm<--
>about 216mv  if the voltage(compensate)<150,that is <1ms/cm,out of the range
else if(CoefficientVolatge>3300)Serial.printin("Out of the range!™); //>20ms/cm,out of
the range
else
{
if(CoefficientVolatge<=448)ECcurrent=6.84*CoefficientVolatge-64.32;
//Ams/cm<EC<=3ms/cm
else if(CoefficientVolatge<=1457)ECcurrent=6.98*CoefficientVVolatge-127;
//3ms/cm<EC<=10ms/cm
else ECcurrent=5.3*CoefficientVolatge+2278;
//10ms/cm<EC<20ms/cm
ECcurrent/=1000; /lconvert us/cm to ms/cm
Serial.print(ECcurrent,2); //two decimal
Serial.printIn("ms/cm");

}

}
I

I

//Valve Region

I

I

queryThingSpeak("184.106.153.149", 496357, Read, SetValue);
Serial.printin(SetValue);

float DiluteRatio = ECcurrent/SetValue;

if(DiluteRatio<1.5)

{
DiluteRatio=1.5;
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Valveln=1.8534*((0.5/DiluteRatio+0.2018)/0.016)+61.337,
ValveCtrl=1.8534*((0.5*(1-1/DiluteRatio)+0.2018)/0.016)+61.337;

analogWrite(ValvelnPin,Valveln);
analogWrite(ValveControlPin,ValveCtrl);

ValvelnReturn = map(analogRead(ValvelnReturnPin),204.6,1023,0,100);
ValveControlReturn = map(analogRead(ValveControlReturnPin),204.6,1023,0,100);

updateThingSpeak("184.106.153.149", Write , ECcurrent, ValvelnReturn,
ValveControlReturn);
delay(30000);

}

/-k

ch=0,let the DS18B20 start the convert;ch=1,MCU read the current temperature from the
DS18B20.

*/

}
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