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Arduino 7KH R B TEMAE U

#include <OneWire.h>
#include <Wire.h>

#include <LiquidCrystal_I2C.h>
#include <avr/pgmspace.h>
#include <EEPROM.h>

/] #%7E LCDI12C firfik

// Set the pins on the I12C chip used for LCD connections:
// addr, en,rw,rs,d4,d5,d6,d7,bl,blpol

LiquidCrystal_I2C Icd(0x3F, 2, 1,0, 4,5, 6, 7, 3,
POSITIVE);

#define StartConvert 0
#define ReadTemperature 1

int modeindex=0;

int loopcount=20;

float phmin, phmax, ecmin, ecmax;
const float ph1min=5.5;

const float phlmax=6.5;

const float ph2min=1;

const float ph2max=14;

const float ph3min=1;

const float ph3max=14;

const float ph4min=1;

const float phdmax=14;

const float ecimin=2;

const float eclmax=3.5;

const float ec2min=0;

const float ec2max=14;

const float ec3min=0;

const float ec3max=14;

const float ec4min=0;

const float ec4max=14;

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

byte ECsensorPin = Al;
on analog 1

byte DS18B20_Pin = 2; //DS18B20 signal, pin on digital 2
unsigned int
AnalogSamplelnterval=25,printinterval=800,tempSampl
elnterval=850; //analog sample interval;serial print
interval;temperature sample interval
unsigned int readings[numReadings];
readings from the analog input

byte index = 0;

current reading

unsigned long AnalogValueTotal = 0;
// the running total

unsigned int AnalogAverage = 0,averageVoltage=0;
// the average

unsigned long
AnalogSampleTime,printTime,tempSampleTime;
float temperature,ECcurrent;

//EC Meter analog output,pin

// the
// the index of the

#define SensorPin AO

output to Arduino Analog Input 0
#define Offset 14 //deviation compensate
// #define LED 13

#define phsamplinginterval 20

#define phprintinterval 800
#define ArrayLenth 40
int pHArray[ArrayLenth];
the sensor feedback

int pHArraylndex=0;

//pH meter Analog

//times of collection
//Store the average value of
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static unsigned long phsamplingTime = millis();
static unsigned long phprintTime = millis();
static float pHValue,phvoltage;

static float pHValue2=7;

const int watersensorPin= 2; //sensor pin connected to
analog pin A2

#define liprintinterval 800

#tdefine lisamplingInterval 20

int liArray[ArrayLenth];  //Store the average value of
the sensor feedback

int liArraylndex=0;

static unsigned long liprintTime = millis();

static unsigned long lisamplingTime = millis();

int liquid_level=500;

int liquidindex=0;

t#tdefine motorcheckinterval 800

static unsigned long motorcheckTime = millis();
const int motorPin3 = 3;

const int motorPin4 = 4;

const int motorPin5 = 5;

const int motorPin6 = 6;

int loop_c=0;

int swlvalue;

#define swpin 12

#tdefine errorled 9

String slcd1,slcd2;

#define DoSensorPin A3 //dissolved oxygen
sensor analog output pin to arduino mainboard
#define VREF 5000 //for arduino uno, the ADC
reference is the AVCC, that is 5000mV(TYP)

float doValue; //current dissolved oxygen value,
unit; mg/L

#tdefine EEPROM_write(address, p) {int i = 0; byte *pp =
(byte*)&(p);for(; i < sizeof(p); i++)
EEPROM.write(address+i, ppl[il);}
#tdefine EEPROM_read(address, p)
(byte*)&(p);for(; i < sizeof(p); i++)
ppli]=EEPROM.read(address+i);}

{inti=0; byte *pp =

#tdefine ReceivedBufferLength 20

char receivedBuffer[ReceivedBufferLength+1];
store the serial command

byte receivedBufferindex = 0;

/1

#tdefine SCOUNT 30

point

int analogBuffer[SCOUNT];

in the array, readed from ADC
int analogBufferTemp[SCOUNT];

int analogBufferindex = 0,copylndex = 0;

// sum of sample

//store the analog value

#define SaturationDoVoltageAddress 12

//the address of the Saturation Oxygen voltage stored in
the EEPROM

#define SaturationDoTemperatureAddress 16

//the address of the Saturation Oxygen temperature
stored in the EEPROM

float SaturationDoVoltage,SaturationDoTemperature;
float doaverageVoltage;

const float SaturationValueTab[41] PROGMEM =



{ //saturation dissolved oxygen concentrations at
various temperatures

14.46, 14.22, 13.82, 13.44, 13.09,
12.74,12.42,12.11, 11.81, 11.53,
11.26,11.01, 10.77, 10.53, 10.30,
10.08,9.86, 9.66, 9.46, 9.27,
9.08, 8.90, 8.73, 8.57, 8.41,
8.25, 8.11, 7096, 7.82, 7.69,
7.56, 7.43, 7.30, 7.18, 7.07,
6.95, 6.84, 6.73, 6.63, 6.53,
6.41,

b

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

void setup() {
// put your setup code here, to run once:
// initialize serial communication with computer:
Serial.begin(9600);
lcd.begin(16,2); // ¥4a{b LCD>—fT 16 HYFIT
2 17 THERHIRE L
// initialize all the readings to O:
for (byte thisReading = 0; thisReading < numReadings;
thisReading++)
readings[thisReading] = 0;
AnalogSampleTime=millis();
printTime=millis();
tempSampleTime=millis();

Serial.printIin("pH meter experiment!"); //Test the
serial monitor

pinMode(watersensorPin, INPUT);//the liquid level
sensor will be an input to the arduino

pinMode(motorPin3,0UTPUT);
pinMode(motorPin4,0UTPUT);
pinMode(motorPin5,0UTPUT);
pinMode(motorPin6,0UTPUT);
pinMode(errorled,OUTPUT);
pinMode(swpin,INPUT_PULLUP);
pinMode(DoSensorPin,INPUT);
readDoCharacteristicValues(); //read
Characteristic Values calibrated from the EEPROM

}

void loop() {
swlvalue=digitalRead(swpin);
if (swlvalue==LOW)
{
delay(50);
while (digitalRead(swpin)==LOW)

modeindex++;

modeindex=modeindex % 4;
Serial.printin(modeindex);

lcd.setCursor(0,0); // S E NI BAASE —1T1TE
Icd.print(modeindex);

}
if (modeindex==0)

phmin=phlmin;
phmax=phlmax;
ecmin=eclmin;
ecmax=eclmax;

else if (modeindex==1)
{
phmin=ph2min;
phmax=ph2max;

ecmin=ec2min;
ecmax=ec2max;

else if (modeindex==2)

phmin=ph3min;
phmax=ph3max;
ecmin=ec3min;
ecmax=ec3max;

else if (modeindex==3)

phmin=ph4min;
phmax=ph4max;
ecmin=ec4dmin;
ecmax=ec4max;

}

read_ph();
read_ec();
read_liquid();
read_do();

if(millis() - motorcheckTime > motorcheckinterval)
//Every 800 milliseconds, print a numerical

if (loop_c > loopcount)

lcd.setCursor(0,0); // 5% E IR BAEE—TTITE
slcd1=String("")+modeindex+"
PH:"+twodigit(pHValue2) + " EC:" + twodigit(ECcurrent);
lcd.print(slcd1);
lcd.setCursor(0, 1); // S E IR BAT S —AT1TH
sled2=String("")+"Lev:" + liquid_level+"
"+twodigit(temperature)+"C";
//twodigit(liquid_level);
Icd.print(slcd2);

if (pHValue2<phmin | | pHValue2>phmax)
{

digitalWrite(errorled,HIGH);
motorlstart();

delay(1000);

motorlstop();

motord4start();
delay(1000);
motor4stop();

}

else if (ECcurrent<ecmin)

digitalWrite(errorled,HIGH);
motor2start();

delay(1000);

motor2stop();

else if (liquid_level>=800)
digitalWrite(errorled,HIGH);
motor3start();
delay(1000);

motor3stop();

digitalWrite(errorled,LOW);
loop_c = loopcount;

motorcheckTime=millis();

24



loop_c ++;
}
}

void read_ec(void) {
/*
Every once in a while,sample the analog value and
calculate the average.
*

if(millis()-AnalogSampleTime>=AnalogSamplelnterval)

AnalogSampleTime=millis();
// subtract the last reading:

AnalogValueTotal = AnalogValueTotal -
readings[index];

// read from the sensor:

readings[index] = analogRead(ECsensorPin);

// add the reading to the total:

AnalogValueTotal = AnalogValueTotal +
readings[index];

// advance to the next position in the array:

index = index + 1;

// if we're at the end of the array...

if (index >= numReadings)

// ...wrap around to the beginning:

index = 0;

// calculate the average:

AnalogAverage = AnalogValueTotal / numReadings;

}
/*

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);
average,from 0 to 1023
Serial.print(" Voltage:");
Serial.print(averageVoltage); //millivolt
average,from Omv to 4995mV
Serial.print("mV ");
Serial.print("temp:");

//analog

Serial.print(temperature); //current
temperature

Serial.print("AC EC:");

float

TempCoefficient=1.0+0.0185*(temperature-25.0);

//temperature compensation formula: fFinalResult(25”C)

= fFinalResult(current)/(1.0+0.0185*(fTP-25.0));

float
CoefficientVolatge=(float)averageVoltage/TempCoefficie
nt;

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*CoefficientV
olatge-64.32;  //1ms/cm<EC<=3ms/cm

else
if(CoefficientVolatge<=1457)ECcurrent=6.98*Coefficient
Volatge-127; //3ms/cm<EC<=10ms/cm

else ECcurrent=5.3*CoefficientVolatge+2278;
//10ms/cm<EC<20ms/cm

ECcurrent/=1000; //convert us/cm to ms/cm

Serial.print(ECcurrent,2); //two decimal

Serial.printin("ms/cm");

}

*

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

float TempProcess(bool ch)

//returns the temperature from one DS18B20 in DEG
Celsius
static byte data[12];
static byte addr[8];
static float TemperatureSum;
if(!ch){
if ( !ds.search(addr)) {
Serial.printIn("no more sensors on
chain, reset search!");
ds.reset_search();
return O;

}

if ( OneWire::crc8( addr, 7) !=addr[7]) {
Serial.printIn("CRC is not valid!");
return 0;

1
if (addr[0] != 0x10 && addr[0] != 0x28) {
Serial.print("Device is not
recognized!");

}

ds.reset();

ds.select(addr);

ds.write(0x44,1); // start conversion, with
parasite power on at the end

return O;

else{
byte present = ds.reset();
ds.select(addr);
ds.write(OxBE); // 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;



void read_ph() {
{

if(millis()-phsamplingTime > phsamplingInterval)

pHArray[pHArraylndex++]=analogRead(SensorPin);
if(pHArraylndex==ArrayLenth)pHArraylndex=0;
phvoltage = avergearray(pHArray,
ArraylLenth)*5.0/1024;
pHValue = -3.53*phvoltage+Offset;
phsamplingTime=millis();
}
if(millis() - phprintTime > phprintinterval)  //Every
800 milliseconds, print a numerical

Serial.print("Voltage:");
Serial.print(phvoltage,2);
Serial.print(" pH value: ");

Serial.printin(pHValue,?2);
phprintTime=millis();
pHValue2=pHValue;

double avergearray(int* arr, int number){
inti;
int max,min;
double avg;
long amount=0;
if(number<=0){
Serial.printIn("Error number for the array to
avraging!/n");
return O;

if(number<5){
statistics
for(i=0;i<number;i++){
amount+=arr[i];

//less than 5, calculated directly

}
avg = amount/number;
return avg;
lelse{
if(arr[0]<arr[1]){
min = arr[0];max=arr[1];
}
else{

min=arr[1];max=arr[0];

for(i=2;i<number;i++){
if(arr[il<min){

amount+=min; //arr<min
min=arr[il;
lelse {
if(arr[i]>max){
amount+=max; //arr>max
max=arrli];
lelse{
amount+=arrli]; //min<=arr<=max
}
1/t
}//for
avg = (double)amount/(number-2);
/it
return avg;

}
void read_liquid() {
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if(millis()-lisamplingTime > lisamplingInterval)

liArray[liArraylndex++]=analogRead(watersensorPin);
if(liArraylndex==ArrayLenth)liArraylndex=0;
liquid_level = avergearray(liArray, ArrayLenth);

lisamplingTime=millis();

}

if(millis() - liprintTime > liprintinterval)
milliseconds, print a numerical

{

Serial.print("liquid level:");

Serial.printin(liquid_level);//prints out liquid level
sensor reading

liprintTime=millis();

}

//Every 800

}

void read_do(void)

{

static unsigned long analogSampleTimepoint = millis();
if(millis()-analogSampleTimepoint > 30U)

//every 30 milliseconds,read the analog value from the

ADC

analogSampleTimepoint = millis();

analogBuffer[analogBufferindex] =
analogRead(DoSensorPin); //read the analog value
and store into the buffer

analogBufferindex++;

if(analogBufferIndex == SCOUNT)

analogBufferindex = 0;
}

static unsigned long tempSampleTimepoint = millis();
if(millis()-tempSampleTimepoint > 500U) // every
500 milliseconds, read the temperature

{

tempSampleTimepoint = millis();

static unsigned long printTimepoint = millis();
if(millis()-printTimepoint > 1000U)
{

printTimepoint = millis();
for(copylndex=0;copylndex<SCOUNT;copyIndex++)
{

analogBufferTemp[copylndex]=
analogBuffer[copyIndex];

doaverageVoltage =
getMedianNum(analogBufferTemp,SCOUNT) *
(float)VREF / 1024.0; // read the value more stable by
the median filtering algorithm
Serial.print(F("Temperature:"));
Serial.print(temperature,1);
Serial.print(F("~C"));
doValue =
pgm_read_float_near( &SaturationValueTab[0] +
(int)(SaturationDoTemperature+0.5) ) *
doaverageVoltage / SaturationDoVoltage; //calculate
the do value, doValue = Voltage / SaturationDoVoltage *
SaturationDoValue(with temperature compensation)
Serial.print(F(", DO Value:"));
Serial.print(doValue,2);
Serial.printIn(F("mg/L"));



if(serialDataAvailable() > 0)

byte modelndex = uartParse(); //parse the uart
command received

doCalibration(modelndex); // If the correct

calibration command is received, the calibration
function should be called.

}
}

boolean serialDataAvailable(void)

{
char receivedChar;
static unsigned long receivedTimeOut = millis();
while ( Serial.available() >0)

if (millis() - receivedTimeOut > 500U)
receivedBufferindex = 0;

memset(receivedBuffer,0,(ReceivedBufferLength+1));
}
receivedTimeOut = millis();
receivedChar = Serial.read();
if (receivedChar == "\n' | | receivedBufferindex ==
ReceivedBufferLength)

receivedBufferindex = 0;
strupr(receivedBuffer);
return true;
lelse{
receivedBuffer[receivedBufferindex] =
receivedChar;
receivedBufferindex++;

}
return false;
}
byte uartParse()
{
byte modelndex = 0;
if(strstr(receivedBuffer, "CALIBRATION") != NULL)
modelndex = 1;
else if(strstr(receivedBuffer, "EXIT") |= NULL)
modelndex = 3;
else if(strstr(receivedBuffer, "SATCAL") != NULL)
modelndex = 2;
return modelndex;
}
void doCalibration(byte mode)
{

char *receivedBufferPtr;

static boolean doCalibrationFinishFlag =
0,enterCalibrationFlag = 0;

float voltageValueStore;

switch(mode)

case 0:

if(enterCalibrationFlag)
Serial.printIn(F("Command Error"));

break;

case 1:

enterCalibrationFlag = 1;

doCalibrationFinishFlag = 0;

Serial.printin();

Serial.printIn(F(">>>Enter Calibration
Mode<<<"));

Serial.printIn(F(">>>Please put the probe into the
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saturation oxygen water! <<<"));
Serial.printin();
break;

case 2:
if(enterCalibrationFlag)

Serial.printin();

Serial.printIn(F(">>>Saturation Calibration
Finishl<<<"));

Serial.printin();

EEPROM_write(SaturationDoVoltageAddress,
doaverageVoltage);

EEPROM_write(SaturationDoTemperatureAddress,
temperature);
SaturationDoVoltage = doaverageVoltage;
SaturationDoTemperature = temperature;
doCalibrationFinishFlag = 1;
}

break;

case 3:
if(enterCalibrationFlag)
{
Serial.printin();
if(doCalibrationFinishFlag)
Serial.print(F(">>>Calibration
Successful"));
else
Serial.print(F(">>>Calibration Failed"));
Serial.printIn(F(",Exit Calibration
Mode<<<"));
Serial.printin();
doCalibrationFinishFlag = 0;
enterCalibrationFlag = 0;
}
break;

}

int getMedianNum(int bArray[], int iFilterLen)

int bTab[iFilterLen];
for (byte i = 0; i<iFilterLen; i++)

{
bTabli] = bArray[i];
1

inti, j, bTemp;
for (j = 0; j < iFilterLen - 1; j++)

for (i=0; i <iFilterLen - - 1; i++)

if (bTabli] > bTabl[i + 1])
bTemp = bTabli];

bTab[i] = bTab[i + 1];
bTabl[i + 1] = bTemp;
}

}

1

if ((iFilterLen & 1) > 0)

bTemp = bTabl[(iFilterLen - 1) / 2];
else

bTemp = (bTab[iFilterLen / 2] + bTabliFilterLen / 2 - 1])
/2;

}

void readDoCharacteristicValues(void)

return bTemp;

EEPROM_read(SaturationDoVoltageAddress,



SaturationDoVoltage);
EEPROM_read(SaturationDoTemperatureAddress,
SaturationDoTemperature);

if(EEPROM.read(SaturationDoVoltageAddress)==0xFF

EfI;ROM.read(SaturationDoVoItageAddress+1 ==0xFF
ELESI;ROM.read(SaturationDoVoItageAddress+2)==0xFF
?Egl;ROM.read(SaturationDoVoItageAddress+3)==0xFF)

SaturationDoVoltage = 1127.6;
voltage:1127.6mv
EEPROM_write(SaturationDoVoltageAddress,
SaturationDoVoltage);
}

if(EEPROM.read(SaturationDoTemperatureAddress)==0x
FF &&
EEPROM.read(SaturationDoTemperatureAddress+1)==0x
FF &&
EEPROM.read(SaturationDoTemperatureAddress+2)==0x
FF &&
EEPROM.read(SaturationDoTemperatureAddress+3)==0x
FF)
{

SaturationDoTemperature = 25.0;

temperature is 25°C

//default

//default

EEPROM_write(SaturationDoTemperatureAddress,
SaturationDoTemperature);

} }
String twodigit(float ss1)

String gstr;

/] BidfEEHE float ss1 HY{E
/1 By

long yytmp = (ss1 -tmp)*100+0.5; // /INEGEST;
T/ NEURE 1R 5B = A VU HE £ A (round) 128 —fir

/// if(yytmp >=100) yytmp=99; // EXHLL N 574

R

long tmp =ss1;

iflyytmp >=100){  // [/5¢&

yytmp=0;

++tmp;  //0.99xyz.. +0.005 ===> 1.0pqr...

}// it is 0.99xyz...

gstr +=tmp; // EEE Ty
gstr+="." /[ /NEHE
if(yytmp < 10) gstr +="0";

gstr += yytmp;
Serial.printin(gstr);
return(gstr);

/] ENEIERL
}

void motoristart() {
digitalWrite(motorPin3,HIGH);

void motor2start() {
digitalWrite(motorPin4,HIGH);
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void motor3start() {
digitalWrite(motorPin5,HIGH);

void motor4start() {
digitalWrite(motorPin6,HIGH);

void motorlstop() {
digitalWrite(motorPin3,LOW);

void motor2stop() {
digitalWrite(motorPin4,LOW);

void motor3stop() {
digitalWrite(motorPin5,LOW);

void motoré4stop() {
digitalWrite(motorPin6,LOW);
}
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