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\\\\\\DESCRIPTION OF THIS CODE/////
This is the 12th version of the Serial Event Stepper Control 
SESC protocol for controlling multiple syringe pumps. This version 
allows for simultaneous control of 5 Pumps + 1 dedicated Flush Pump. 
Activating the flush pump to purge the reaction tubing ( see commands 
below ) will interrupt the other pumps.
The number of active syringe pumps can also be changed and will always
default to 5 + 1.

\\\\\\HARDWARE SETUP////////
Wiring the Arduino, Driver and Stepper Motor:
Arduino +5V goes to Driver +5V
Arduino pin2 goes to STEP on driver board
Arduino pin3 goes to DIR on driver board
Motor wire Red goes to B- on driver board
Motor wire Blu goes to B+ on driver board
Motor wire Blk goes to A- on driver board
Motor wire Grn goes to A+ on driver board

\\\\\\\\COMMANDS (USE SERIAL MONITOR)///////
(-------- In these examples the # should be replaced with a number -------)
limits] - Returns the maximum volume the plunger can be pulled back
protect] - Turns on limit protect
set1]##] - Sets the current volume that is in pump1
set2]##] - Sets the current volume that is in pump2
limit1]##] - Sets the maximum volume that plunger1 can be pulled back
limit2]##] - Sets the maximum volume that plunger2 can be pulled back
reset] - Makes the current position correspond to 0mL
volumes] - returns how many mL are in the syringe with respect to 0mL
##,## - Flow rate 1, flow rate 2
## - Both syringe pumps will pump at this rate
flush] - All the reagent pumps will stop and the flushing pump will initiate
flushrate]##] - changes the default flowrate for the flow pump.
push]##] - change the default volume that the flushpump will push. 
flushstatus] - Returns the flush pumps parameters via serial monitor
openflush] - Moves the flushpump backwards untill flushlimit]##.##] is reached.
setflush]##.##] - Sets the current volume available in the flush pump's syringe.
flushlimit]##.##] - Sets the maximum volume ##.## (mL) that the flushpump can travel backwards.
openflushrate]##.##] - Sets the rate in which the flushpump is pulled backwards.
activepumps]## - Sets the number of pumps that will be active. 

\\\\\\ RECOMMENDED USE/////////
1) Before powering on the electronics load the syringes with reagents and insert them into the pumps.  Adjust the
plunger position by spinning the helical flex coupler with your fingers until the syringe flange is flush with the
indentation on the chassis.

2) Power on the electronics. The arduino is now in control of the pumps and the shaft will no longer
rotate freely.

3) Use the commands -> set1]##] to tell the arduino where the reagent syringes are and setflush]##] for the flushpump.
Remember to use the correct syntax. The volume should be in mL and allows for decimal places. (i.e. 14.27)

4) Use -> setflush]##] to tell the arduino how much solvent is in the flush pump. 

5) TURN ON PROTECTION -> protect] Protection is for the reagents only. Every call to volumes] will 
show how much volume remains in the syringes and how many times the flush pump can be used. 
The flush pump has built in protection which cannot be turned off. If a call to flush] is made 
and there is not enough solvent for a full flush, whatever volume remains in the flush syringe 
will be used and then the pump will stop to throw a message through the serial port. 
Use openflush] to replace the syringe.
*/
              
#include <AccelStepper.h> // Includes the functions found in the AccelStepper library
AccelStepper stepper1(1, 2, 3); // Define that a stepper is being driven by a driver. The output pins are on 2 and 3. 
AccelStepper stepper2(1, 4, 5); // Define a stepper on pins 4 and 5.
AccelStepper stepper3(1, 6, 7);
AccelStepper stepper4(1, 8, 9);
AccelStepper stepper5(1, 10, 11);
AccelStepper flushpump(1, 12, 13);
String inputString = "";         // a string to hold incoming data
String command;
boolean stringComplete = false;  // whether the string is complete
boolean protect = false;
boolean bounce = false;
boolean enoughRoom;
boolean activePumps[] = {1,1,1,1,1};
int maximumPumps = 5;
float rate1;
float rate2;
float rate3;
float rate4;
float rate5;
float flushrate = 50.00;
float openflushrate = 100.00;
float pushvolume = 2.00;
float commandval;
float limit1 = 24.00; // default limit of 24mL for a 20mm diameter syringe
float limit2 = 24.00; // default limit of 24mL for a 20mm diameter syringe
float limit3 = 24.00;
float limit4 = 24.00;
float limit5 = 24.00;
float position1;
float position2;
float position3;
float position4;
float position5;
float position6;
float flushlimit = 24.00;
int delimiterIndex[7] = {0,0,0,0,0,0};
int i;


void setup() {
  Serial.begin(9600);
  inputString.reserve(200);
  stepper1.setMaxSpeed(4000);
  stepper2.setMaxSpeed(4000);
  stepper3.setMaxSpeed(4000);
  stepper4.setMaxSpeed(4000);
  stepper5.setMaxSpeed(4000);
  flushpump.setMaxSpeed(4000);
  stepper1.setMinPulseWidth(20);
  stepper2.setMinPulseWidth(20);
  stepper3.setMinPulseWidth(20);
  stepper4.setMinPulseWidth(20);
  stepper5.setMinPulseWidth(20);
  flushpump.setMinPulseWidth(20);
}

float stepRate(float flowRate){
 return flowRate*501.28/60; // Accepts a flowrate ##.## mL and converts it to an int steps/s
} 
int steps(float mL){
  float s = mL * 501.28; //Accepts a volume ##.## and returns the corresponding an int of steps the motor must take (501.28 steps/mL)
  return (int) s;
}
float milliliters(int motorposition ){  //501.28 represents the ratio of steps per mililiter
  return motorposition / 501.28; 
}
void activateFlush(){
  if(position6 + steps(pushvolume) > 0)enoughRoom = false;
     if(position6 + steps(pushvolume) <= 0)enoughRoom = true; 
     if(enoughRoom){
        do{
          flushpump.moveTo(position6 + steps(pushvolume));
          flushpump.setSpeed(stepRate(flushrate));
          flushpump.runSpeedToPosition();
      } 
        while(flushpump.distanceToGo() != 0);
          flushpump.stop();
      }  
      else{
          do{
            flushpump.moveTo(0);
            flushpump.setSpeed(stepRate(flushrate));
            flushpump.runSpeedToPosition();
          }
          while(flushpump.distanceToGo() != 0);
          flushpump.stop();
          Serial.println("Please refill the flush pump.");
      }
    }

void serialEvent() {
  while (Serial.available()) {
    // get the new byte:
    char inChar = (char)Serial.read();
    // add it to the inputString:
    inputString += inChar;
    // if the incoming character is a newline, set a flag
    // so the main loop can do something about it:
    if (inChar == '\n') {
      stringComplete = true;
    }
  }
}
void loop() {
  // print the string when a newline arrives:
  if (stringComplete) {
    // Find the delimiters and store them in a chr array.
    Serial.print("->  User input: ");
    Serial.print(inputString);
    delimiterIndex[0] = inputString.indexOf(',');
    delimiterIndex[1] = inputString.indexOf(',', delimiterIndex[0]+1);
    delimiterIndex[2] = inputString.indexOf(',', delimiterIndex[1]+1);
    delimiterIndex[3] = inputString.indexOf(',', delimiterIndex[2]+1);
    delimiterIndex[4] = inputString.indexOf(',', delimiterIndex[3]+1);
    delimiterIndex[5] = inputString.indexOf(']');
    delimiterIndex[6] = inputString.indexOf(']', delimiterIndex[5]+1);
    // Use the numbers stores in the chr array to split the inputString into pieces.
    String firstValue = inputString.substring(0,delimiterIndex[0]);
    String secondValue = inputString.substring(delimiterIndex[0]+1, delimiterIndex[1]);
    String thirdValue = inputString.substring(delimiterIndex[1]+1, delimiterIndex[2]);
    String fourthValue = inputString.substring(delimiterIndex[2]+1, delimiterIndex[3]);
    String fifthValue = inputString.substring(delimiterIndex[3]+1, delimiterIndex[4]);
    String command = inputString.substring(delimiterIndex[4]+1,delimiterIndex[5]);
    String commandvalue = inputString.substring(delimiterIndex[5]+1, delimiterIndex[6]);
    // Everything between ,,  is a flow rate and gets converted to an integer.
    // Everything between ,. is a command and remains a string.
    // Everything betwwen .. is the command value and gets converted to an integer.
    rate1 = firstValue.toFloat();
    rate2 = secondValue.toFloat();
    rate3 = thirdValue.toFloat();
    rate4 = fourthValue.toFloat();
    rate5 = fifthValue.toFloat();
    commandval = commandvalue.toFloat();
    // Clear the string
    inputString = ""; 
    // Change the boolean state
    stringComplete = false;

    if(activePumps[0] == 1) position1 = stepper1.currentPosition();
    if(activePumps[1] == 1) position2 = stepper2.currentPosition(); 
    if(activePumps[2] == 1) position3 = stepper3.currentPosition();
    if(activePumps[3] == 1) position4 = stepper4.currentPosition();
    if(activePumps[4] == 1) position5 = stepper5.currentPosition();
    position6 = flushpump.currentPosition();
    
    if (command == "volumes" ){
      Serial.print("Current volumes are: ");
      if(activePumps[0] == 1){
        Serial.print(-milliliters(position1),2);
        Serial.print(" mL");
        }
      if(activePumps[1] == 1){
        Serial.print(" & ");
        Serial.print(-milliliters(position2),2);
        Serial.print(" mL");
      }
      if(activePumps[2] == 1){
        Serial.print(" & ");
        Serial.print(-milliliters(position3),2);
        Serial.print(" mL");
      }
      if(activePumps[3] == 1){
        Serial.print(" & ");
        Serial.print(-milliliters(position4),2);
        Serial.print(" mL");
      }
      if(activePumps[4] == 1){
        Serial.print(" & ");
        Serial.print(-milliliters(position5),2);
        Serial.print(" mL");
      }
      Serial.println();
      Serial.print("The flushpump has ");
      Serial.print(-milliliters(position6)/pushvolume,2);
      Serial.println(" flushes remaining");
    }
       
    if (command == "reset" ){
      if(activePumps[0] == 1) stepper1.setCurrentPosition(0);   
      if(activePumps[1] == 1) stepper2.setCurrentPosition(0); 
      if(activePumps[2] == 1) stepper3.setCurrentPosition(0); 
      if(activePumps[3] == 1) stepper4.setCurrentPosition(0); 
      if(activePumps[4] == 1) stepper5.setCurrentPosition(0);
      flushpump.setCurrentPosition(0); 
      }

    if (command == "activepumps" && commandval != 0 ){
      if(commandval <= maximumPumps){
        for(i = 0; i <= maximumPumps-1; i++){
          activePumps[i] = 0;
        }
        for( i = 0; i <= commandval-1; i++){
          activePumps[i] = 1;
        }
      }
      else{ 
        Serial.print("The maximum ammount of pumps is ");
        Serial.print(maximumPumps);
        Serial.println(" with the exception of the flush pump.");
      }
    }
    
    if (command == "set1" && commandval != 0 ){
      stepper1.setCurrentPosition(-steps(commandval));}
      
    if (command == "set2" && commandval != 0){
      stepper2.setCurrentPosition(-steps(commandval));}
      
    if (command == "set3" && commandval != 0){
      stepper3.setCurrentPosition(-steps(commandval));}
      
    if (command == "set4" && commandval != 0){ 
      stepper4.setCurrentPosition(-steps(commandval));}
      
    if (command == "set5" && commandval != 0){ 
      stepper5.setCurrentPosition(-steps(commandval));}  

    if (command == "setflush" && commandval != 0){
      flushpump.setCurrentPosition(-steps(commandval));
    }
      
    if (command == "limit1" && commandval != 0 ){ limit1 = commandval;}
    if (command == "limit2" && commandval != 0 ){ limit2 = commandval;}
    if (command == "limit3" && commandval != 0 ){ limit3 = commandval;}
    if (command == "limit4" && commandval != 0 ){ limit4 = commandval;}
    if (command == "limit5" && commandval != 0 ){ limit5 = commandval;}
    if (command == "flushlimit" && commandval != 0 ){ flushlimit = commandval;}
    
    if (command == "protect"){ 
    protect = !protect; 
    if (protect){
      Serial.println("Protection ON");}
      else 
        Serial.println("Protection OFF");
    }
    
    if (command == "steplimits" ){ 
      Serial.print("The current limits are: ");
      if(activePumps[0] == 1){
        Serial.print(-steps(limit1));
        Serial.print(" steps");
      }
      if(activePumps[1] == 1){
        Serial.print(" & ");
        Serial.print(-steps(limit2));
        Serial.print(" steps");
      }
      if(activePumps[2] == 1){
        Serial.print(" & ");
        Serial.print(-steps(limit3));
        Serial.print(" steps");
      }
      if(activePumps[3] == 1){
        Serial.print(" & ");
        Serial.print(-steps(limit4));
        Serial.print(" steps");
      }
      if(activePumps[4] == 1){
        Serial.print(" & ");
      Serial.print(-steps(limit5));
      }
      Serial.println(" steps"); 
    }
    
    if (command == "flushrate" && commandval != 0) flushrate = commandval;
    if (command == "openflushrate" && commandval != 0) openflushrate = commandval;
    if (command == "push" && commandval !=0) pushvolume = commandval; 
    
    if (command == "flushstatus" && commandval == 0){
      Serial.print("The flush pump is set to push ");
      Serial.print(pushvolume);
      Serial.println(" mL");
      Serial.print("at a rate of ");
      Serial.print(flushrate);
      Serial.println(" mL/min.");
    }
    
    if (command == "limits" ){ 
      Serial.print("The current limits are: ");
      if(activePumps[0] == 1){
        Serial.print(limit1);
        Serial.print(" mL");
      }
      if(activePumps[1] == 1){
        Serial.print(" & ");
        Serial.print(limit2);
        Serial.print(" mL");
      }
      if(activePumps[2] == 1){
        Serial.print(" & ");
        Serial.print(limit3);
        Serial.print(" mL");
      }
      if(activePumps[3] == 1){
        Serial.print(" & ");
        Serial.print(limit4);
        Serial.print(" mL");
      }
      if(activePumps[4] == 1){
        Serial.print(" & ");
        Serial.print(limit5);
        Serial.println(" mL");
      }
      
    }
    if (rate1 != 0 || rate2 != 0 || rate3 != 0 || rate4 != 0 || rate5 != 0) {
      Serial.print("Selected flowrates are: ");
      if(activePumps[0] == 1){
        Serial.print(rate1);
        Serial.print("mL/min");
      }
      if(activePumps[1] == 1){
        Serial.print(" & ");  
        Serial.print(rate2);
        Serial.print(",mL/min");
      }
      if(activePumps[2] == 1){
        Serial.print(" & ");
        Serial.print(rate3);
        Serial.print("mL/min");
      }
      if(activePumps[3] == 1){
        Serial.print(" & ");
        Serial.print(rate4);
        Serial.print("mL/min");
      }
      if(activePumps[4] == 1){
        Serial.print(" & ");
        Serial.print(rate5);
        Serial.print("mL/min");
      }
      Serial.println();
    }
    
    if (command == "openflush" && commandval == 0){
      do{ 
        flushpump.moveTo(-steps(flushlimit));
        flushpump.setSpeed(stepRate(openflushrate));
        flushpump.runSpeedToPosition();
      }
      while (flushpump.distanceToGo() != 0);{
        flushpump.stop();
        Serial.println("Please load the flushpump");
      }
    }
    
    if (command == "flush" && commandval == 0){
     activateFlush();
    }
  }   
    // Now run the motor at received velocity and direction.
    if(activePumps[0] == 1){
      stepper1.setSpeed(stepRate(rate1));
      stepper1.runSpeed();
    }
    if(activePumps[1] == 1){
      stepper2.setSpeed(stepRate(rate2));
      stepper2.runSpeed();
    }
    if(activePumps[2] == 1){
      stepper3.setSpeed(stepRate(rate3));
      stepper3.runSpeed();
    }
    if(activePumps[3] == 1){
      stepper4.setSpeed(stepRate(rate4));
      stepper4.runSpeed();
    }
    if(activePumps[4] == 1){
      stepper5.setSpeed(stepRate(rate5));
      stepper5.runSpeed();
    }
    
    if (protect){
      if (stepper1.currentPosition() >= 0 || stepper1.currentPosition()<= -steps(limit1)){rate1=0;}
      if (stepper2.currentPosition() >= 0 || stepper2.currentPosition()<= -steps(limit2)){rate2=0;} 
      if (stepper3.currentPosition() >= 0 || stepper3.currentPosition()<= -steps(limit3)){rate3=0;}
      if (stepper4.currentPosition() >= 0 || stepper4.currentPosition()<= -steps(limit4)){rate4=0;}
      if (stepper5.currentPosition() >= 0 || stepper5.currentPosition()<= -steps(limit5)){rate5=0;}
    }
  }


