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Arduino F2=(HE:

F 2= PulseSensor_BlinkLed.ino
/*
i Timer2 HERARFS » HEEY PulseSensor HYHI{E

Daniel Lu : dan59314@gmail.com
http://www.rasvector.url.tw/

http://www.youtube.com/dan59314/playlist

blinkPin : % CokERSE HERES - FIARERE
fadPin LBkEHERE R - FACHERE LED

=R
Serial.print(78, BIN) gives "1001110"
Serial.print(78, OCT) gives "116"
Serial.print(78, DEC) gives "78"
Serial.print(78, HEX) gives "4E"
Serial.printIn(1.23456, 0) gives "1"
Serial.printin(1.23456, 2) gives "1.23"
Serial.printIn(1.23456, 4) gives "1.2346"
Serial.printIn("S," + String(pulseVal) + "," + String(gTotalTime, HEX));

*/
ttinclude <SoftwareSerial.h>

#define EnableReceiveCommand
#define AverageHeartBeat;
#define RGBColorFadding
#define UseTimer2IRS

#define CommonAnode
#define debug
typedef struct TRGB {

byte R, G, B;

unsigned long DelayMSec;



#ifdef EnableReceiveCommand
const byte cMaxCommandCount = 5;
const int cMaxCommandStringlLength = 10; // length("C,255,255,255,12345");

String inputBtString = "", inputPcString = "",

sCommand[cMaxCommandCount] = { "D","13","0","0","0" }; //# Digitial Pin 13 %55 O;
bool stringBtComplete = false, stringPcComplete;
byte pinRx =10, pinTx =11;

unsigned long glastListerningTime, gLastActionTime;

// BlueTooth in Pin10(RX) Pin11(TX) PWM Pin

SoftwareSerial BlueToothSerial(pinRx, pinTx); //10, 11); // RX, TX
#endif

#ifdef AverageHeartBeat
const int cHeartBeatCount = 10;

ttendif

#ifndef UseTimer2IRS
unsigned long glastCheckMs;
#endif

const int cRamboCount = 20;
const int cHeartBeatMin = 40, cHeartBeatMax = 120;
const int cHeartBeatStep = (cHeartBeatMax - cHeartBeatMin) / cRamboCount;

const int cFadeStep = 10;

const int cTimer2IntervalMSec=2; /] HEE 2 =2 — P
const byte cMinSampeDurationMsec = 250; /] B/ NETRE=RD
const byte cSampleCount = 10; /1 B

const byte cOuputintervalMSec = 50; /] & 50 ZFblmH—K

const byte funcOutputPulse=1;

const byte funcAveragePulse=2;

const byte funcOneColorFadding =4;

TRGB gRamboRGBs[cRamboCount];

// Timer2 % PWM pin 3, 11, FILAFEEFEHEME Pin -

int pulsePin = 0; /] #EEF] Pulse Sensor FY A Ef5E
int blinkPin = 13; /] ARG OEEERSE

int fadePinR = 5, fadePinG = 6, fadePinB = 9; /] Pk EREE BkER s IR A0y



/1 N R s S B FHAE 1SR (FPET Rountine ) » [NELZAJIN volatile

#ifdef AverageHeartBeat
volatile int gHeartBeats[cHeartBeatCount];

volatile int gCurHeartBeatld=0;

#endif

volatile int BPM; /1 Gk K5y

volatile int gPeakTime = 600; /] &% 3 AR kR B

volatile boolean blinPeakPulse = false; // true when pulse wave is high, false when it's low

volatile boolean blOutputHeartBeat = false; // becomes true when Arduoino finds a beat.

volatile int gMin_PeakTime = 60000 / 200; /] B0k 200 20/4y o i/ NSRS RS B 60000/200
volatile int gCurSamplelD = 0; // BHi Sample ID

volatile int PulseDurations[cSampleCount]; /7 ok P A e B ASE e 1]
volatile unsigned long glastBeatTime = 0;  // _E—Z (R I6nE R

volatile unsigned long gTotalTime = 0; /] HEFLEEAE R
volatile int gCurMaxPulse = 512; /] Hxi= Pulse JR7lE
volatile int gCurMinPulse = 512; /] F{& Pulse 7l

volatile int glastPulseThreshold =512; // &2$kEg#THY Pulse Value i5{H

volatile byte decR = 255/cFadeStep, decG = decR, decB = decR;

volatile int gFadeValueR = 0, gFadeValueG = 0, gFadeValueB = 0; // FAZKEE ¥ FadePin #Y PWM #{E
volatile byte gFunctions =0x00000000;

void buildRamboRGBs(bool ignoreBlueToRed=true)

{
const bytecR=0,cG=1,cB=2;

byte aR, aG, aB;
aR = 255;
aG=0;

aB=0;

byte aRGB = 0;

byte rangeN = 3;

if (ignoreBlueToRed) rangeN = 2;
else rangeN = 3;

byte cRamboStep = (255 * rangeN / (cRamboCount)); // [REI{E R-G, G-B, [Ftt rangeN=2



for (int i = cRamboCount - 1; i>=0; i--) //#£ B BHIBIEEIE A
{
gRamboRGBs[i].R = aR;
gRamboRGBs[i].G = aG;
gRamboRGBs[i].B = aB;
gRamboRGBs[i].DelayMSec = 10000 / cRamboCount;

String s1 = "R" + String(aR) + ", G" + String(aG) + ", B" + String(aB);

Serial.printin(s1);

if (ARGB == cR)
{
aR -= cRamboStep;

aG += cRamboStep;

if (aR<cRamboStep)
{
aR=0;
aG = 255;
aB=0;
aRGB = cG;
}
}
else if (aRGB == cG)
{
aG -= cRamboStep;
aB += cRamboStep;
if (aG<cRamboStep)
{
aG=0;
aB = 255;
aR=0;
aRGB = cB;
}
}
else //if (aRGB=cB)
{

aB -= cRamboStep;
aR += cRamboStep;
if (aB<cRamboStep)

{
aB=0;



aR = 255;
aG=0;
aRGB = cR;

void initial_Variables()

{

#ifndef UseTimer2IRS
glastCheckMs = millis();

#endif

/1 &G TR OBEESEIE

for (int i = 0; ixcSampleCount; i++)

PulseDurations[i] = 60000 / 72;

#ifdef AverageHeartBeat
/] 47T gHeartBeats {JJ{H

for (inti=0; i< cHeartBeatCount; i++)

gHeartBeats|i]=72;
#endif
}

#ifdef EnableReceiveCommand

bool GetCompleteStringFromBlueTooth(String &str)

{
while (BlueToothSerial.available()) {

AR (ST Y —
char inChar = (char)BlueToothSerial.read();

[/ HREIE =\ HIEEH e
if (inChar =="\r') | | (inChar =="\n") || (str.length() > cMaxCommandStringLength))
{

return (str 1="");



else

str += inChar;

return false;

return false;

bool GetCompleteStringFromPC(String &str)
{

while (Serial.available()) {
/B IAFTCEFIEE] \n-memeeeeeeeees

char inChar = (char)Serial.read();

Y/ L R 1 St —

if ((inChar =="\r') || (inChar =="\n") || (str.length() > cMaxCommandStringLength))

{

return (str !="");

else

str += inChar;

return false;

return false;

bool GetCommand(String inStr, String sCmd[], int &cmdCnt) //

{
//int cmdCnt=0;
char *p = &inStr[0];

char *str;

cmdCnt = 0;

call by reference,

PEYIATRI &



/Bt SRR
while (cmdCnt<cMaxCommandCount && (str = strtok_r(p, ",", &p)) != NULL)
{
sCommand[cmdCnt] = str;
sCommand[cmdCnt].toUpperCase();

cmdCnt++;

#ifdef debug
//Serial.println(cmdCnt);
ttendif

return (cmdCnt>0);

void Process_Command(String sCmd[])

{
#ifdef debug
/*Serial.printIn("Process_Command() ");
Serial.printin(sCmd[0]);
Serial.printin(sCmd[1]);
Serial.printin(sCmd[2]);
Serial.println(sCmd[3]);*/
#endif
AT OVt Y p—
if (sCmd[0].indexOf("FN") == 0 | | sCmd[0].indexOf("fn") == 0) // Analog
{
gFunctions = sCmd[1].tolnt();
#ifdef debug
Serial.print("FN: "); Serial.printin(gFunctions, BIN);
#endif

}
else if (sCmd[0].indexOf("T") == 0 | | sCmd[0].indexOf("t") == 0) //TI, TD
{

if (sCmd[0].indexOf("D") == 1 | | sCmd[0].indexOf("d") == 1) // TD,200
{

//gDelayMsec = sCmd[1].tolnt();

//String s1 = "DelayMSec : " + sCmd[1];

//Serial.printin(s1);

delay msec



}
else if (sCmd[0].indexOf("1") == 1 | | sCmd[0].indexOf("i") == 1) // TI, 2000 Idel time msec

{
//gldleMsec = sCmd[1].toInt() % cMaxIdleMsec;
//String s1 ="IdleMSec : " + sCmd[1];
//Serial.printin(s1);
}
else;
}
else
{
#ifdef debug
BlueToothSerial.printin("Command : " + sCmd[0] + "-" + sCmd[1] + "-" + sCmd[2] + "not processed");
#endif
}
}
#endif

void setup()

{
pinMode(blinkPin, OUTPUT); /OB —T
pinMode(fadePinR, OUTPUT); /] Lok S
pinMode(fadePinG, OUTPUT); /] CoBkiE TS
pinMode(fadePinB, OUTPUT); /] CoBkiE TS
Serial.begin(115200); // Serail BaudRate

#ifdef UseTimer2IRS
/] %7€ Timer2 Interrupt » 2 ZfbohET—x

interruptTimer2Setup(cTimer2IntervalMSec);

#endif

initial_Variables;

buildRamboRGBs();

void loop()
{



ttifdef EnableReceiveCommand

if (GetCompleteStringFromBlueTooth(inputBtString))

{
//PlayMode = cListerning;
glastListerningTime = millis();
stringBtComplete = true;
}
else if (GetCompleteStringFromPC(inputPcString))
{
//PlayMode = cListerning;
glastListerningTime = millis();
stringPcComplete = true;
#ifdef debug
//Serial.printIn(inputPcString);
#endif
}
else
{
}
int cmdCnt;

if (stringBtComplete)

{
//  BFEEEPREE PinldValue, Ex: D,13,0  Hi2 Digitial Pin 13
if (GetCommand(inputBtString, sCommand, cmdCnt))
{
Process_Command(sCommand);
}
// clear the string:
inputBtString ="";
stringBtComplete = false;
}
else if (stringPcComplete)
{

//  BFEEEPREE PinldValue, Ex: D,13,0  HiE Digitial Pin 13
if (GetCommand(inputPcString, sCommand, cmdCnt))
{

Process_Command(sCommand);

ks 0

By 0



// clear the string:
inputPcString ="";
stringPcComplete = false;

}
t#tendif

// R fadPin Y pwm {H » S
ledFadeToBeat();

#ifdef UseTimer2IRS
delay(20);
#else
unsigned long nowMs = millis();

if (nowMs - glastCheckMs >= cTimer2IntervalMSec)

{
OnTimer2Interrupt();
glastCheckMs = nowMs;
}
#endif

}

void ledFadeToBeat()

{
gFadeValueR -= decR; /] EJK PWM (B
gFadeValueR = constrain(gFadeValueR, 0, 255); /] & PWM {H[E#I{F 0~255

#ifdef CommonAnode

analogWrite(fadePinR, 255-gFadeValueR); /] %EH PWM (B
#else

analogWrite(fadePinR, gFadeValueR); /] %EH PWM B
#endif

#ifdef RGBColorFadding
if (gFunctions&funcOneColorFadding)
else
{
gFadeValueG -= decG;
gFadeValueG = constrain(gFadeValueG, 0, 255); // & PWM {E[E#I{F 0~255



ttifdef CommonAnode

analogWrite(fadePinG, 255-gFadeValueG); /] ZEH PWM B
#else

analogWrite(fadePinG, gFadeValueG); /] iEHE PWM B
#endif

gFadeValueB -= decB;
gFadeValueB = constrain(gFadeValueB, 0, 255); // & PWM {EIEHI{F 0~255

ttifdef CommonAnode

analogWrite(fadePinB, 255-gFadeValueB); /] ZEH PWM {H
#else
analogWrite(fadePinB, gFadeValueB); /] iEH PWM {H
#endif
}
#endif

void sendDataToProcessing(String sCmd, int data)

{
Serial.print(sCmd+","); // BABEZEIT
Serial.printIn(data); /] BUE

void OnTimer2Interrupt()

{
int pulseVal = analogRead(pulsePin); // SEH! PulseSensor ${{E
gTotalTime += cTimer2IntervalMSec; /] Rk Timer2 EXF B cTimer2intervalMSec
int dTime = gTotalTime - glLastBeatTime; /] PR R AT R N I e s

bool blisOverMinPeakTime = (dTime > gMin_PeakTime);

/1 BT BRI A Y E

if (oulseVal < glastPulseThreshold && /] W5 pulse /NP> EREVEEEE
bllsOverMinPeakTime) // B RiERS A i X IR 36
{

if (pulseVal < gCurMinPulse) // 415 pulse bh EZAVIRAE /N
gCurMinPulse = pulseVal;  // SR AEUE



if (pulseVal > gLastPulseThreshold) // && /] W5 pulse KA LEXREVEIE » @ERFEER
// dTime > gMin_PeakTime) NIRRT > FTARRIEE L - DL Ris E EA R g

{
if (pulseVal > gCurMaxPulse) // HEb ERAEIEEZE K
{
gCurMaxPulse = pulseVal; /] SRR IEE
}
}

/] BT R LB E
if (dTime > cMinSampeDurationMsec) // B A AT SR

{
if (gFunctions&funcOutputPulse) //7AH, pulseSender BEZEIHIEE
if (gTotalTime % cOuputintervalMSec == 0)
{
Serial.printIn("S," + String(pulseVal) + "," + String(gTotalTime, HEX)+",");
}
if ((pulseVal > glastPulseThreshold) && /] W BEIHY pulse FBiE ZAYEHE
(blinPeakPulse == false) && /] HiZ/8#E Y Pulse
blisOverMinPeakTime) /] ELFEbR e ke R R Y 35
{
blinPeakPulse = true; // ##F] Pulse
digitalWrite(blinkPin, HIGH); /] BRELPIEERY Pinl3 LED
gPeakTime = dTime; // 4CSEIEEE EZC Pulse ARSI
#ifdef Debug
//sendDataToProcessing("Q", gPeakTime); // EH IR AYREEIERSE dT
#endif

gMin_PeakTime = (gPeakTime /5) * 3; // SE¥r¥riy BHEAREIRE Threshold

glastBeatTime = gTotalTime; /] FIE1% Pulse BHH
gCurSamplelD %= cSampleCount; // BEHEANEYIALE
PulseDurations[gCurSamplelD] = gPeakTime; // iE A HETAYEIFEIE
gCurSamplelD++; /1 BT —{E 522

/] FTEFTA OB R R FE AT sk iy 4 8
word runningTotal = 0;

for (inti=0; i < cSampleCount; i++)



runningTotal += PulseDurations[i];

runningTotal /= cSampleCount; /] EEEO0EEY R FERE R
int heartBeat = 60000 / runningTotal; /] & 60000 ZF) /| BXREME > G980 BkE

#ifdef AverageHeartBeat

if (gFunctions&funcAveragePulse)

{
gCurHeartBeatld %= cHeartBeatCount;
gHeartBeats[gCurHeartBeatld] = heartBeat;
gCurHeartBeatld++;
int allHb = 0;
for (inti=0; i< cHeartBeatCount; i++)
allHb += gHeartBeats[i];
BPM = allHb / cHeartBeatCount;
}
else
#endif
BPM = heartBeat;
//#ifdef debug
//sendDataToProcessing("B", BPM); J/EHCMERE R Serail
Serial.printin("B," + String(BPM) + "," + String(gTotalTime, HEX) +",");
//#endif

int ald = (BPM - cHeartBeatMin) / cHeartBeatStep;

//constrain(ald, 0, cRamboCount - 1); // &g

// BPM, cHeartBeatMin, cHeartBeatStep....0A%H int, &R ald & HiER
if (ald < 0) ald = O; else if (ald >= cRamboCount) ald = cRamboCount - 1;

gFadeValueR = gRamboRGBs[ald].R;
decR = gFadeValueR / cFadeStep; //3%E PWM fadPin {¢ 255 BRIGIETRE

#ifdef RGBColorFadding

if (gFunctions&funcOneColorFadding)
else
{
gFadeValueG = gRamboRGBs[ald].G;
decG = gFadeValueG / cFadeStep;



gFadeValueB = gRamboRGBs[ald].B;
decB = gFadeValueB / cFadeStep;

}
#endif
#ifdef debug
/*
sendDataToProcessing("i", ald);
sendDataToProcessing("r", gFadeValueR);
sendDataToProcessing("g", gFadeValueG);
sendDataToProcessing("b", gFadeValueB);
*/
#endif
}
}

if (pulseVal < glastPulseThreshold &&  // Pulse Eb_EZCEH{EE

blinPeakPulse == true) /] B E—TCR R E N - Ao HATH R T
{
digitalWrite(blinkPin, LOW); // FEEf Pin13 LED
blinPeakPulse = false; /] BRI
int amp = gCurMaxPulse - gCurMinPulse; /! A&
glastPulseThreshold = amp / 2 + gCurMinPulse; // FE¥r Pulse EIE{E
gCurMaxPulse = glastPulseThreshold; /] BRI ~ RS EUE
gCurMinPulse = glastPulseThreshold;
}
if (dTime > 2500) /] 1B247 33 HeartBeat
{

gFadeValueR = 0;
#ifdef RGBColoreFading

gFadeValueG = 0;

gFadeValueB = 0;
#endif

glastPulseThreshold = 512; /] EZ% Pulse YFrH{E
gCurMaxPulse = 512; /] SR ~ R VEUE

gCurMinPulse = 512;
glastBeatTime = gTotalTime; /] FEHr OO BRI



FETAR S Interrupt.ino

/*

Timer0 - An 8 bit timer used by Arduino functions delay(), millis() and micros().
Timer1 - A 16 bit timer used by the Servo() library

Timer2 - An 8 bit timer used by the Tone() library

Timer_output Arduino_output Chip_pin Pin_name

OCOA (Timer0) 6 12 PD6
OCOB (Timer0) 5 11 PD5
OC1A (Timer1) 9 15 PB1
OC1B (Timer1) 10 16 PB2
OC2A (Timer2) 11 17 PB3
OC2B (Timer2) 3 5 PD3
*/

void interruptTimer2Setup(int timer2IntervalMsec)

{
TCCR2A = 0x02; // DISABLE PWM ON DIGITAL PINS 3 AND 11, AND GO INTO CTC MODE
TCCR2B = 0x06; // DON'T FORCE COMPARE, 256 PRESCALER

// SET THE TOP OF THE COUNT TO 124 (16MHz/256/500 = 125, because index start from 0, so count=124) FOR 500Hz
SAMPLE PulseDurations, 500 Hz/sec => 1000 msec/500 -> 2 MSec

//OCR2A = 0X7C;

float scaledFrequency = 16000000 / 256.0;

float wantedFrequency = 1.0 / (timer2IntervalMsec / 1000.0); //timer2IntervalMSec

int tickCount = scaledFrequency / wantedFrequency;

OCR2A = tickCount - 1;

//#ifdef debug
//Serial.print("Scaled Frequency: "); Serial.printin(scaledFrequency);
//Serial.print("Wanted Frequency: "); Serial.printin(wantedFrequency);
//Serial.print("TickCount: "); Serial.printIn(tickCount);

//#endif

TIMSK2 = 0x02; // ENABLE INTERRUPT ON MATCH BETWEEN TIMER2 AND OCR2A
sei(); // MAKE SURE GLOBAL INTERRUPTS ARE ENABLED



// TIMER 2 INTERRUPT SERVICE ROUTINE

ISR(TIMER2_COMPA_vect) // triggered when Timer2 counts to 124, 0~124 =125

{
#ifdef debug

//Serial.print('Tick: '); Serial.printin(millis());
#endif

cli(); // disable interrupts

OnTimer2Interrupt();

sei(); // enable interrupts when youre done!

//#ifdef debug

//Serial.print('Finish OnTimer2Interrupt(): '); Serial.printin(millis());
//#endif

}

AR



