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ABSTRACT

This Thesis aims to study about IMU (Inertial Measurement Unit) sensor
and application to design a Running Tracking and Monitoring Device. The purpose is
to analyze the pace characteristics and display the result on our developed
application by transferring data via Bluetooth. Result achieved from device can use
to be analyzed running performance and find a meaning of value changed in each

day to improve for better performance in exercise.
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#define BLYNK_PRINT Serial

#include <ESPB266WiFi.h>

#include <BlynkSimpleEsp8266.h>

#include <Wire.h>

#include "I2Cdev.h"

#include "MPU6050.h"™

#include <TimeLib.h>

#include <WidgetRTC.h>

char auth[] = "bfffc29fle2d40adbba9a2310fafs53fe";
//char ssid[] = "T 047";

//char pass[] = "123456787";
char ssid[] = "jrcp":

char pass([] = "23456789";
//char ssid[] = "Mojojojoe";

]

" 128455 789" ;
"blynk.honey.co.th";

//char pass|[]
char server(]

int rawheartrate;

int hrtresh =-530;
unsigned long timeHR;
unsigned long Gettime;
unsigned long A = 0;
unsigned long B = 0;
unsigned long timeUP1;
unsigned long timeUP2;
unsigned long timeUP3;
unsigned long timeUP4;
unsigned int DT12;
unsigned int DT23;
unsigned int DT12and23;
unsigned int DT23and34;
unsigned int DT34andl2;
int timeMilliSec = 0;
int timeSec = 0;
int timeMinute 0;
int timeHour 0;
int HR = 0
int UPHRI1
int DOWNHR1
int UPHR2 =
int DOWNHR2
int UPHR3 = 0;

int DOWNHR3 = 0 ;

int UPHR4 = 0;

int DOWNHR4 = 0 ;

int ShowHR = 0;

int ShowHR2 = 0;

int Fixw= 0y

int Fix2;

int Miss = 0;

int ok = 0;

//int D8 = 8;

//int D7 = 7;

int IntputD7 = D7;

int OutputD6 D6;

int sw;

String showheartratel = " ";
String showheartrate2 W
unsigned int lastHR12 =
unsigned int lastHR23
unsigned int lastHR13 =
int lastHRl = 0;
int lastHR2 0;
int lastHR3 0;
int countHR 0;
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caltime,

diss;

int superlastHR = 0;

BlynkTimer timer;

WidgetRTC rtec;

WidgetTerminal terminal (V31);

int stepx, stepc = 0, a =1, i = 1, pressure([60];
float alpha = 0.01, gyrxlp[60], gyrx[60], temp;

intl6_t ax, ay, az;

intl6_t gx, gy, gz;

MPU6050 mpu;

float gender, age, height, starter, finish, weight, bmr;
int CountdownRemainReset = (0, CountdownRemain = 0,

clktime;
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steptime,

float totalcal = 0.0, nowcal, totalcall, nowmet, dis = 0.0, nowdis,

float lat, lon, alt, nowspd, sumspd = 0.0, pace, avgspd =
Stofing TT==U_U-
BLYNK_CONNECTED () {
rtc.begin();
}

void setup()
{
Serial.begin (38400) ;
//WiFi.begin (ssid,pass):
Blynk.begin (auth, ssid, pass, server, 8080);
setSyncInterval (10 * 60);
Wire.begin{();
mpu.initialize():
mpu.setFullScaleGyroRange (MPU6050_GYRO FS_250);

steptime = timer.setInterval (5000L, stepp);//every 5sec
timer.disable (steptime) ;

clktime = timer.setInterval (1000L, clocks);//every 1 sec

timer.disable(clktime) ;

caltime = timer.setInterval (15000L, cal)};//every 15 sec
timer.disable(caltime) ;

Blynk.virtualWrite (V30, "clr"):;

pinMode (OutputD6, OUTPUT) ;

pinMode (IntputD7, INPUT) H

digitalWrite (OutputD6, LOW);
//timer.setInterval (4000L, SerialPrintHR) ;

void clocks ()
(
CountdownRemain++; // remove 1 every second
countclock (CountdownRemain) ;
if ( CountdownRemain % 300 == 0)
{
Blynk.notify ("Press button for measure heartrate);
}
}
void countclock(int seconds)

{
long days = 0;

0.0;
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long hours = 0;
long mins = 0;
long secs = 0;
String secs_o = ":";
String mins_o = ":";

String hours o = ":";

secs = seconds; // set the seconds remaining
mins = secs / 60; //convert seconds to minutes
hours = mins / 60; //convert minutes to hours

secs = secs - (mins * 60); //subtract the coverted seconds to
minutes in order to display 59 secs max

mins = mins - (hours * 60); //subtract the coverted minutes to
hours in order to display 59 minutes max

hours = hours - (days * 24); //subtract the coverted hours to

days in order to display 23 hours max
if (secs < 10) {
gecs” o = "oQ;
}
i (mins=<=l0) {
mins_o = ":0";
}
if (hours < 10} ({
hours_o ="":0";
}
TT = String(hours) + mins o + String(mins) iy, SRCR O T
String(secs);
Blynk.virtualWrite (V1, TT):
}

void inputt ()

(
//Blynk.syncVirtual (V2);
//Blynk.syncVirtual (V3);
Blynk.syncVirtual (V4) ;
Blynk.syncVirtual (V5) ;
Blynk.syncVirtual (V6) ;

}

void bmrcal ()

{
Blynk.syncVirtual (V3);

if (gender == 0)
{
inputt() ;
bmr = (13.397 * weight) + (4.799 * height) - (5.677 * age) +
88.362;
Blynk.virtualWrite (V20, bmr);
}
else if (gender == 1)
{
inputt () ;
bmr = (9.247 * weight) + (3.098 * height) - (4.33 * age) +
447.593;

Blynk.virtualWrite (V20, bmr);
}
}
void cal()
{
Blynk.virtualWrite (V16, totalcal);
Blynk.virtualWrite (V25, totalcal);
Serial.print("totalcal: "); Serial.print(weight); Serial.print ("

") i



Serial.println(totalcal);
Serial.println(" ");

void gyros () {
temp = mpu.getTemperature();
gyrx[i] = mpu.getRotationX();
//gyrxlp(i] = (alpha*gyrx(i])+((l-alpha)*gyrxlp[i-1])
Serial.println({gyrx[i],; 4}; Serial.print{"\t"):;
Blynk.syncVirtual (V10);
//if (starter==1) {
if (gyrx[i] > 10000)
{
pressure[i] = 1;
}
else
{
pressure[i]
}
//distance = distance+dis;
//dis = 0;
if (pressure[i] > pressure[i = 1])
{
stepx = stepc + 17

0;

EF & 7%
Ef (1 G0y

~— e e

pressure[l10] = pressure[60];
s e

}

stepc = stepx;

//delay (100) ;
}
void stepp ()
{
//Serial.println("");
//Serial.println (stepc);
Blynk.virtualWrite (V15, stepc);
Blynk.virtualWrite (V23, (temp / 340.00 + 36.53));

void CountTimexx ()
{

Gettime = millis();
}

void CountTime ()
{
Gettime = millis();
}
void CalHeartRate ()
{

sw = digitalRead(D7);

if (sw == 1)

{
digitalWrite (OutputD6, HIGH);
rawheartrate = analogRead(0);
Serial.println(rawheartrate);



if
{

rawheartrate =

}
else

{

rawheartrate

}

if
0 && DOWNER2

{

timeUP1
UPHR1

DOWNHR1
DOWNHR2
UPHR2

DOWNHR3
UPHR3 -
DT12and23

wnnnon
locooooRr

DT23and34 =
DT34andl2 =

}
if

(rawheartrate
0 && UPHR3

(rawheartrate == 0 && UPHRL
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(rawheartrate >= hrtresh )

400;

I

0;
== 400 && UPHR1 ==
0 && DOWNHR3 == 0

0 && DOWNHR1 == 0 && UPHR2
)

Gettime ;

v

-

~

~

||
(o He ]

1 && DOWNHRL

0 && UPHR2

0 && DOWNHR2 == 0 && UPHR3 == 0 && DOWNHR3 == 0 )

{
UPHR1
DOWNHR1
DOWNHR2
UPHR2
DOWNHR3
UPHR3

}

ine

o wonn

£ Oy & N

(rawheartrate ==

r

400 && UPHRI1 1 && DOWNHR1 == 1 && UPHRZ2

== (0 && DOWNHR2 == 0 && UPHR3 == 0 && DOWNHR3 == 0 )

{
timeUP2 =
UPHR1
DOWNHR1
UPHR2
DOWNHR2
DOWNHR3
UPHR3 =
DT12 = A
if
{
DOWNHR1
UPHR1
DOWNHR2
UPHR2Z
DOWNHR3
UPHR3

}
1

(DT12 < 300

(rawheartrate == 0 && UPHRL

Gettime;

133

Er

1 ;

0;

0;

9 r;

timeUP2 - timeUP1l );
| DT 18K >, Ie2 0'1-)

{11 1R | I |

@ aguo o
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~ ~

1 && DOWNHRL

1 && UPHRZ

1 && DOWNHRZ == 0 && UPHR3 == 0 && DOWNHR3 == 0 )

{
UPHR1 =
DOWNHR1 =
UPHR2 =
DOWNHERZ2 =
DOWNHR3 =
UPHR3 =



1 && DOWNHR2

&& UPHR3

1 && DOWNHR2

if (rawheartrate == 400 && UPHR1
== 1 && UPHR3 == (0 && DOWNHR3 ==
{
timeUP3 = Gettime;
UPHR1 =1 ;
DOWNHR1 = 1;
UPHR2 =1 ;
DOWNHRZ2 = 1;
UPHR3 =1;
DOWNHR3 = 0;
DT23 = timeUP3 - timeUP2 ;
if (DT23 < 300 || DT23 > 1200)
{
DOWNHR1 0;
UPHR1 =0 ;
DOWNHR2 = 0;
UPHR2 =0
DOWNHR3 = 0;
UPHR3 2
Miss ]
}
}
if (rawheartrate == 0 && UPHR1l ==
== 1 && UPHR3 == 1 && DOWNHR3 ==
{
UPHR1 =17
DOWNHR1 = 1;
UPHR2 =1
DOWNHRZ2 = 1;
UPHR3 =\ Ty
DOWNHR3 = 1;
£ (DT1L2-> DT23 )
(
DT12and23 = ( DT12 - DT23 );
}
else if (DT12 < DT23)
{
DT1l2and23 =>(/DT23 ==DT12 )
}
}
if ( UPHR1 == 1 && DOWNHR1l ==

== 1 && DOWNHR3
{

1 && DT12and23 <= 120

HR = 60000 / (DT23) ;
ShowHR = 1 ;
Gettime = 0 ;
UPHR1 = 0;
DOWNHR1 = 0;
UPHR2 = 0;
DOWNHR2 = 0;
UPHR3 = 0;
DOWNHR3 = 0;
DT12 = 0;
DT23 = 0;
DT12and23 = 0;
if (countHR == 0 )
{
lastHR1 = HR;
countHR = 1;
}
else if (countHR == 1 )
{
lastHR2 = HR;
countHR = 2;

)

)

)

1 && UPHR2

1 && DOWNHR

1 && DOWNHR1

1.

63

== 1 && UPHRZ
== 1 && UPHRZ2Z ==
&& DOWNHRZ == 1



&& UPHR3
> 120 ))

)
else if (countHR == 2)

{

lastHR3 = HR;
countHR = 0;
)
lastHR12 = abs{ lastHR1l - lastHR2 ) ;
lastHR23 = abs( lastHR2 - lastHR3 );
lastHR13 = abs{ lastHRl - lastHR3 );
superlastHR = ( lastHR1 + lastHR2 + lastHR3 ) /
}
if ( ( UPHRL == 1 && DOWNHR1 == 1 && UPHR2 ==
1 && DOWNHR3 == 1 && UPHR4 == 1 && DOWNHR4 == 1
{
UPHR1 = 0;
DOWNHR1 = 0;
UPHR2 = 0;
DOWNHR2 = 0;
UPHR3 = 0;
DOWNHR3 = 0;

}
if (Gettime > 200000)
{
Gettime = 0 ;
}

1 &s
Y
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3; //new
DOWNHRZ ==
( DT12and23

if ( lastHR12 <= 5 && lastHR23 <= 5 && lastHR13 <= 5)

{
ShowHR2 = 1;

}
if (sw == )
{
digitalWrite (QutputD6, LOW);
}
}

void SerialPrintHR()

if ( ShowHR == 1 && ShowHR2 == 1 )
{

terminal.clear();

terminal.println ("Heart rate measurement results");

terminal.println("");
terminal .print (timeMinute) ; terminal .print (":")

terminal.println (timeSec) ;
String currentTime = String(hour()) + ":" + minute() + ":" +

second () ;

terminal .println (currentTime) ;

terminal .print ("AVG Heart rate t M)

terminal .println (superlastHR) ;

if ( HR <= 114)

{
terminal.println ("ZONE L "My
terminal.println("")

}

if ( HR > 114 && HR <= 133)

{
terminal.println ("ZONE T 2 MY

;
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terminal.println("")

}

if ( HR > 133 && HR <= 152)

{
terminal.println ("ZONE 7 3y
terminal.println("")

}
if ( HR > 152 && HR <= 171)
{
terminal.println ("Z20ONE i T
terminal.println("")
}
if ( HR > 171)
{
terminal.println ("ZONE Ny R/
terminal.println("")
}
ShowHR = 0;
ShowHR2 = 0;
Gettime = 0;
}
if ( Miss == 1 )
{
terminal.clear();
terminal.println("");
terminal.println("");
terminal.println("");
terminal.println ("Please do not move while measuring heart rate
I"ye

terminal.println("");
terminal.println("");
Miss = 0;
showheartratel = ""

}

terminal.flush ()

BLYNK_WRITE (V9) {
if (param.asInt()) {
Blynk.virtualWrite (V21, bmr);
}
}
BLYNK _WRITE (V2) ({
if (param.asInt()) {
Blynk.syncVirtual (V3) ;
Blynk.syncVirtual (V4) ;
Blynk.syncVirtual (V5);
Blynk.syncVirtual (V6);

if (gender == 0)
{
inputt () ;
bmr = (13.397 * weight) + (4.799 * height) - (5.677 * age) +
88.362;
Blynk.virtualWrite (V20, bmr);
}
else if (gender == 1)
{
inputt () :
bmr = (9.247 * weight) + (3.098 * height) - (4.33 * age) +
447.5893;

Blynk.virtualWrite (V20, bmr);
}
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}
BLYNK_WRITE (V3)
{

gender = param.asFloat();

}

BLYNK_WRITE (V4)

: age = param,asFloat();
gLYNKfWRITE{V5)

( height = param.asFloat();
}

BLYNK_WRITE (V6)
{
weight = param.asFloat ()

}

BLYNK_WRITE (V11)
{
if (param.asInt()) {
cal():
Blynk.virtualWrite(V1, "0:00:00™);
Blynk.virtualWrite (V16, "O");

Jrstringl currentDate/ =¥String (day (B M Y =t (month({) + ¥ " +
year();

//Blynk.virtualWrite (V30, Wa e "} totalcal, currentDate,
millis() / 1000);:

avgspd = (sumspd * 5) / CountdownRemain;

Blynk.virtualWrite (V14, avgspd);

String fin = String("Your work is finish : Totaltime is " + TT
+" \nTotal steps : " + String(stepc) + " \nAverage speed : " + String(avgspd)
+ "\n Distance:" + String{(dis)+ "m" + "\n Total burn : " +String(totalcal))+
"kCEl";

Blynk.virtualWrite (V44, fin);
Blynk.notify(fin);

CountdownRemain = CountdownRemainReset;
totalcal = 0;

dis = 0;

stepc = 0;

//Blynk.notify();

}

BLYNK _WRITE (V10)
{
starter = param.asInt();
if (starter == 1)
{
timer.enable (clktime) ;
timer.enable (caltime) ;
timer.enable (steptime) ;
}
else
{
timer.disable (clktime) ;
timer.disable(caltime) ;
timer.disable (steptime) ;
}
}
BLYNK WRITE (V7) {
hrtresh = param.asInt();
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}
BLYNK_WRITE (V27) {
//Blynk.syncVirtual (V6);
GpsParam gps (param);
// Print 6 decimal places for Lat, Lon
lat = gps.getLat();
lon = gps.getLon();
nowspd = gps.getSpeed();
alt = gps.getAltitude();
Serial.print ("Speed: "); Serial.println(nowspd);
nowdis = nowspd * 5.0;
diss = dis + nowdis;
dis = diss;

if (nowspd == 0) {
pace = 0;
nowcal = 0;

}

else {
pace = 100.0 / {(nowspd * 6.0);
//nowcal= bmr* ((0.9931*nowspd*36.0/10.0) -
0.2299)*(5.0/86,400.0);
nowcal = (bmr * ((0.9931 * nowspd * 3.6) - 0,2299) * (5.0 /
86400.0));
)
//nowmet=(0.9931*sumspd/3)-0.2299;
sumspd = sumspd + nowspd;
totalcall = totalcal + nowcal;
totalcal = totalcall;
Blynk.virtualWrite (V28, dis);
Blynk.virtualWrite (V22, alt);
Blynk.virtualWrite (V19, nowspd);
Blynk.virtualWrite (V24, pace);
Blynk.virtualWrite (V16, totalcall);
!/ Serial.print("totalcal:
");Serial.print (weight) ;Serial.print (" "); Serial.println(totalcal);
}
e i e e e e e i e e e e e e e

void loop ()
{
Blynk.run () ;
timer.run(); // Initiates BlynkTimer
gyros(); //ror cal
CountTimexx ();
CalHeartRate () ;
SerialPrintHR()
Blynk.run();
timer.run();





