seuulaaiunIsiaananvassa

VEHICLE STABILITY CONTROL SYSTEM

ar e =
Ssins  wialveds

an w ¢ >

usWmy  guow
= &

Magl  seudsEans

Gaygniiwusiiudumilvsnsinsmundngasiygrinanssumansindin
sudvidanssuuianmseiing
ANITAAINTINANEAS
gontumaluladwszasuinanarnammsatanseUe
Innsfinen 2557



sruulaanunIsidunanvyaese

VEHICLE STABILITY CONTROL SYSTEM

F5ins \inlyeas
oAl giles
Magll d@udssans

U‘%cgcuuﬁﬁwuﬁ‘f'jtfluﬁ';uwﬁwmmsﬁnmmmé’ngmﬂ%mumuﬁmniiumamﬁmﬁﬁm
#1913 3AINTIURNAAMSDTINE
ARZIAINTIUAERS
anvuwalulagnszanuindndnammisainnsss

Un1sfinen 2557



VEHICLE STABILITY CONTROL SYSTEM

TEERAPAT KERTCHAISRI
NITIPAT PUNOI
PHAKPHUM SANGUANPRASIT

THIS THESIS IS SUBMITTED IN PARTIAL FULFILLMENT
OF THE REQUIREMENTS FOR THE DEGREE OF
BACHELOR OF ENGINEERING IN MECHATRONICS ENGINEERING
FACULTY OF ENGINEERING
KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG
ACADEMIC YEAR 2014



YSeuayriinusUnisdnen 2557
MAIAINTSINTIAUAZATUAY ANETAINTTUAIEAT
anfumalulagnszrauindndnammsainnas Uy

S04 seuutadnunisidenanueesn
VEHICLE STABILITY CONTROL SYSTEM

HInvh wessins  Aalveed 54010637
weidiian Uy 54010712

P=)

wemanll  anulssdvd 54010981

4



SEUUUaINUNISLHINANVD 9SO

Tow
ywdsins  ielveas 54010637
weildWan]  gusy 54010712

wemagl  anulssdvs 54010981

¢ et
919158NUTNWN
HYIAENTITEAERT  NugaNnIW
SNANEARSIANSY ATINESAANA  AudYTY

Umsdinw 2557
UNANYD

=

Vsggniimusatuiilumaihyawuwesiasmsmunuuuu3amemndszgnaldauiu

i
= -

savsAvIng mam’ﬂﬂmEjmuﬂh‘lumummmim‘lmlu‘ummmummmm wielifsaudh
Tmlﬂamaﬁﬂiuammwmnwu wagtasuasrpnulasndslunislyse 'Luaawaasuuu
AIUANLMNYAWYES IMU (Inertial Measurement Unit) mﬂ‘ixqn@i'lmmsmhznmmm
wulweFinAusududy iwwwesinnusuda weswuwesinmuduauuwimantan
LLavuaﬂa'muum"Lﬂﬂnmmmnunuum’aaamﬂima*nm'm‘uaﬂmwa

suumaummumi SuansAnsdlywinisiadoufivessa wu dnuENITNgALAY
nswanai Wusy mﬂuummmﬂmmsmmwawmm;uwjai IMU Tmammu‘sammaﬁ
“LuimﬂauimLaaiwmaumanmaumLmasmumagunasLLBejamiaaua (USB) Faimuigasiivh
s invzuansaeenududiay mﬂﬁuﬁﬂmﬁaﬂﬁ'zymﬂmwmuﬁa'mLﬁﬂmnamwmé’au
fna9 Alianunsnnuauls uazhmsuiudisuan el ildmifimuusiugniian eld
ﬁnﬁi’mlﬁmnwuLﬂﬁ@%LLé’a’Lﬁﬁmsmsuuﬂﬁ%aaﬁl%'mamaamﬂ’qﬁﬁmq Favlmsuaaay
ﬂ";"lwaae‘i’mmmﬁaéﬁ"”‘lwda’[ﬁé‘h%’uﬁ’mmm%m Tneldfoandlaalavnisnsneta Feaum
mmmwwaqammmwaamaemm’[wawm‘mmvuﬂﬂLﬂumuwaﬂwammmwﬂwm
ATUAN uanmnuuaqlmmaﬂmmﬂwmmrﬂmmm‘uaammﬂmmiﬂa’lﬁu Linear Hall
Sensor WaxANNIALAAIAI 95 TR Fevihnsideulusunsalagldnivddadousi

TUsunsu Arduino tiveldidussuudestunisidendnvessa



VEHICLE STABILITY CONTROL SYSTEM

By
Mr. Teerapat  Kertchaisri 54010637
Mr. Nitipat Punoi 54010712

Mr. Phakphum Sanguanprasit 54010981

Advisors
Asst. Prof. Sumit Panaudomsub
Assoc. Prof. Dr. Kiatisuk Komwatchara

Academic Year 2014

ABSTRACT

This thesis is the conduction of Inertial Measurement Units (IMU) and wireless
control applied with the radio controller (RC) which will help to control the part of
cornering while the car speeds highly for cornering of car more effectively and
strengthening security in the control system of the using car. We has brought Inertial
Measurement Units (IMU) for application consisting accelerometer, gyroscope and
magnetic field sensor. In addition to IMU, we have also studied about wireless
cormmunication system of the radio controller toy.

In procedure, we start from the study of the function of the sensor IMU by
collaborating with microcontroller which connected computer through universal
serial bus (USB). The sensor of measurement will show the results in number data.
Then we reduced the noise that can be caused by different conditions that we
cannot control and calibration to get the most value of precision. When we
measured values from the sensor, we have studied the wireless communication
system of the radio controller which makes us know the width of the pulse signal
sent to the remote radio receiver using the oscilloscope to measure. The width of
the pulse signal that sent from the remote control can be used as a sensor to work
with the controller. We also have a device used to measure the speed of the radio
controller toy using Hall effect. From the values of the measurements, we make
programming by using C++ which was written through the program Arduino to use as

the main protection system of the car.
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1:s(max) = F¢ (2.2)
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2.2 Inertial Measurement Unit (IMU)

wuweswIegunsalinldlu INS (nertial Navigation System) QNiseNI1 Inertial
Measurement Units (IMU) @afludiutszneumndnues INSs fldlunisstusiueimeaie
WaLITINTUUNIE IMU Usznaudie 2 drundnie wuleesinaanuise (Accelerometers) 3
nrmnauazlalsalay (Gyroscopes) 3 ﬁmwnﬁa%’ummﬁamuwmumasmmL%’JL%&igu

AIUAINU
2.2.1 lalsalay (Gyroscope)

lalsalan (Gyroscope) Wugunsaidmiunmsianiansinumsdiuiinmeduegiu

UANTYBINTENTNY LG

Gyroscope ===, Spin axis

Gimbal L Y Rotor

gﬂvﬂi 2.2 Mechanic Gyroscope Fail Two-Degree of Freedom



2.2.2 \uEa3INAULE (Accelerometer)
UL T AL (Accelerometer)  ugunsalildiannnuissnunuiuny
AWEIE Atedunaladngugasinanusslu IMU Suliies Specific Forces wiafin

\Uudsdrdgylu Inertial Navigation #3eszuuthmsndousiies
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2.3 NMSAIUAIYY Roll, Pitch uas Yaw
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L‘Uaauuﬂawaamu (Gyro Rate) yilwanunsaruimiagm Rou Pitch waz Yaw Lalaeas

Discrete Integral

Bron = [ gryDatay dt (2.5)
Bpitcn = J gryDatay dt (2.6)
Byaw = J gryDataz dt (2.6)

drumsannnlagldieueesInAuLTEIuIToAILINIIAT Roll Lay Pitch laud
118991A091NAUBY Accelerometer A1 Yaw ﬁi’ﬂlﬁ%ﬁmmmamLﬂé”auawuﬁmﬂmﬂﬁ

m‘meLfduwas'mmmL'saammm;m Yaw 'ﬂ”lﬁﬂﬂuﬂl’ll?] QGUUP\WV]OHUWEJ’]I‘UFIEJ Roll way

Pitch winiu
= accDatay
B = Al ™ (———) 57
roll accDatag ez
- accDatay
ol = AR (— ———) 28
ep‘tCh accDatag .S

I@EJ‘V]’]I‘JFHF}]WEJL‘iﬁVl’JﬂlGﬂuLLﬁlauLtﬂ‘u (Xg, Ye, Zg) aedidyqynusuniunaeg 39A93

yhmsanuunadyyiusumuiioonty Taeld Complementary Filter

2.4 Complementary Filter

Complementary Filter 1usnsasianealastiAmainaueesinanuswazlalsa
TavanAnaasfuiieusudgemlifianuuwiugunnau iewnlalsalavideiinsldnuas
fin naedvl (Drift) vseriiels w gaidvaiuldalivindudienaniululussesuilni
Tenfiswldlignios uazieumesinarunsailogiud output fenildaslits 1iosanas
fianusainiuandrenaliudiestanusimuesiammsditianisain dadudald

wann13 Complementary Filter 3NAMIUABIYUANY Aadun15h 2.9

angle,, = 0.98(angle,_; + gyrDatadt) 4+ 0.02(accData) (2.9)
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JUM 2.5 nswliSeuiisuguialdnnmumgesinauss lalsalay way Complementary

Filter

2.5 Hall Effect Sensor

wiwén (Magnet) \hudsiiannsogadanussiiold 1wy mdn dnda Tavead 1Wusiu
m*si?imimﬁnamaﬂsmﬁaﬂﬁlﬁ \Wesnndaunudngn (Magnetic Field) Tuuiiinlaesau
wiwan 1sEnsansedeuIvsnalaiauiuusivinvieold Taeldiduia waliaiuise
niwladdiawitle dninermanswersuinauiuuldmdnsdiedsnisaie q uilutlagdu
annsoiaauuniminldasainuazsinialaely Linear Hall Sensor dwaulasendy
vanmsvassIngmsalesad (Hall Effect) MinliAnanusinedng Fududndiunseiuainu
amesaunulivdniisilunuiis dew Linear Hall Sensor Waeiulasimed udnill

MINAUSHANNaUINWIMANNE Y NI TUAP LB AU MAN LA



18UPPLY [z
2 GROUND | %
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¥ ACTIVE
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gﬂﬁ 2.6 TUIALAZANWMEUDY Linear Hall Effect Sensor IC

ey of

Tulasesmiiidonld Linear Hall Effect Sensor IC A1301 fiaudagail
1. Input Voltage 4.5-6
2. Offset Voltage 2.5 V
3. Sensitivity 2.5 mV/G

ileounasinglunssuansadewadluii 6.5:6 Taas Wriue 1 uazan 2 uas e
Ladfimesidiiuen 2 wazen 3 faguil 2 hadiimefazuansaussana 2.5 Tad Aridu
wsnadndumeliauantdngn 38091 Offset Voltage Arilenawasuuasldidntion
%uagjﬁ’ubammammdaaiwlﬂmzmeqﬁﬁiaﬁ’um 1 uavan 2 uAvsiAussnmuesmiiaue

Tawmaradwasaslinszuanss

SENSOR 3 C}

% : 8| Ccom

- [pa

-+ -
JUH 2.7 n156ie Linear Hall Sensor fiuwwasinslwnszuansawazhadiines

Wouuiwand lnd Active Area 189 Linear Hall Sensor a2MusMAngLsian

Wuduvieanasuegiviinvesauiuwimvan aruasdndiuasuluiianuduiusiuaiu

2
=]

\ilvesauImwIMaNE amuUIRUnENSuLiMAN (Magnetic Flux Density) fiadl
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Sensitivity

die Vo Ao avwsedndunzlifiavmwivin (mv)

Vo  fie anwussdndumsiiaunaimvan (mv)

Sensitivity fo duszansaruls (mv/G)

[ .
2.6 lulasaaulnsataas (Microcontroller)
TulpsreulmsaaeiidugUnsaiiimiseUssanana uasaudwundna nnsosu-de
9 v o —— 2 v o ° v & e % =
Toyaldninuufdneauazeuiaen linwdsaulon vibiunieulunisldanulugduuui

158171 Embedded

5U# 2.8 Arduino Mega 2560

Arduino (Huvainlulnsnulnsiaasnsega AVR MiimsvmuLuy Open Source i
msiUamedoyavianiu Hardware uag Software #ua3n Arduino gnaanuuvanlildala

Latd)
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2.7 Pulse Width Modulation
Pulse Width Modulation w38 PWM agldwdnnsadadammaduuvaunisio 4

ar o o a v o o o & P
ansoUsuwasuaud uaz Duty Cycle WisldaRavesdyanaviauneanuduaii

aosns Falulassnutashluldlunmsmuguisuees

Standard/Continues Servo
1.7-20ms
5 Volt e e
Period: 20 ms
3
: Standard/Continues Servo
0.7-1.0ms
5 Volt : . i s
F :
Standard Servo
5 Volt Tae
—— -

Servo Motor PWM Timing Diagram
3UN 2.9 fegnismuaugeslisg PWM

2.8 maieusiagunsaliuy 12C (1°C)

I°C w39 12C Bus 6911910 Inter Integrate Circuit Bus (IC) flemi3unduq 31 1°C BUS
Yunisiearseynsy uuudslasiia (Synchronous) iioldfndedoansszning
lulasaoulnsalass (MCU) fugunsaintouen SagnWaurtulasuidv Philips
Semiconductors Tngldansdyananiios 2 iy fie Serial Data (SDA) wazane Serial

Clock (SCL) @sansaniiansiogunsal Smaumatas dadshsiuls vl Mcu Tdweasaiiisa

2 MOIAVINTUY
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Pul-up | Ipol |rp
Resistors

SCL
{Serial Clock Line)
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Code lunsi@suldsunsualuauszuulasnunisidenan

#include <Wire.h>

int error = 0;

//Accelerometer
#include <ADXL345.h>
ADXL345 accel;
AccelerometerRaw Araw;
int xAxisRawData;
AccelerometerScaled Ascaled;
_float AX;
float Ay;
float Az;
float Av;
float Ay1;
float Ay N;
float Ay _B;
float Ay_avg;

int count;

//Velocity & Radius
float Vmax;
float Vi;
float V;
float V2,
float R;
float L;
float D;
int Si;

int So;



//Gyro

#include <ITG3205.h>
ITG3205 itg3205;
float Gx;
float Gy;
float Gz;

//Compass

#include <HMC5883L.h>
HMC5883L compass;
MagnetometerRaw Mraw;
MagnetometerScaled Mscaled;
int MiLliGauss__OnT'he_XAxis;
float heading;
float declinationAngle;

float headingDegrees;

//Angle

//Roll,Pitch > Accelerometer
float roll R;
float pitch_R;

float roll_A;
float pitch_A;

//Roll,Pitch > Gyro
float roll_G;
float pitch_G;
float yaw_G;

//Roll,Pitch > Complementary
float roll_G;
float pitch_G;



float yaw GC;

//Roll,Pitch > Scale
float roll_S;
float pitch_S;

//Roll; > Ref
float roll_ref;
float roll_del;

//NRF

#include <SPl.h>

#include <nRF24L01p.h>
nRF24L01p transmitter(7,8);
String message;

String temp_str;

//Interrupt

int Chlinterrupt = 4; //Pin 19 : servo (5)

int Ch2Interrupt = 5; //Pin 18 : brushless (6)
int hallinterrupt = 0; //Pin 2 : Hall effect

unsigned long Ch1l_startPulse;
unsigned long Ch2_startPulse;
unsigned long N;

volatile double Ch1_val;
volatile double Ch2 val;
volatile double Ch1_val_last;
volatile double Ch2_val_last;
volatile double T;



//Servo&Brushless
#include <Servo.h>
Servo myservo;
Servo mybrushless;
int datal] = {1680,1680,1680,1680,1680};
int servo_angle;
int servo_pulse;
int servo_count;
int Ch_servo;
int turning;

int Speed;

//Blink without deley
const long interval_print = 100;

unsigned long previousMillis_print = 0;

const long interval _sensor = 20;

unsigned long previousMillis_sensor = 0;

//EEPROM

#include <EEPROM.h>
int addr = 0;

float val_1;

float val_2;

float val_3;

float val_4;

int sensorVal;

int sensorVali;

int sensorValz;

J/TEST
int M_roll;
int M_Ax;



int M_Gz;
int Adog;

void setup()

{

Serial.begin(115200);
Wire.begin();

pinMode(4,INPUT);
pinMode(9,0UTPUT);
pinMode(10,0UTPUT);
pinMode(11,0UTPUT);
pinMode(12,0UTPUT);
pinMode(13,0UTPUT);

//Accelerometer
accel = ADXL345();
if(accel.EnsureConnected())
{
Serial.println("Connected to ADXL345.");

}

else

{
Serial.printin("Could not connect to ADXL345.");

}
accel.SetRange(2, true);

accel.EnableMeasurements();

Ayl = 0;

count = 0;

//Velocity & Radius
Vt =0;



V=0
L =0.275;
= 0.255;

//Gyro

delay(100);
itg3205.itg3205initGyro();
delay(100);
itg3205.itg3205CalGyro();
delay(100);

//Compass
Serial.printin("Starting the 12C interface.");
Serial.println("Constructing new HMC5883L");
compass = HMC5883L();
Serial.println("Setting scale to +/- 1.3 Ga");
error = compass.SetScale(1.3);
if(error = 0)
Serial.println(compass.GetErrorText(error));
Serial.println("Setting measurement mode to continous.");
error = compass.SetMeasurementMode(Measurement_Continuous);
if(error 1= 0)

Serial.printin(compass.GetErrorText(error));

//Angle

Araw = accel.ReadRawAxis();

roll_R = atan2(Araw.XAxis,Araw.ZAxis);
pitch R = atan2(Araw.YAxis,Araw.ZAxis);

roll_A = (roll_R/PI)*180;
pitch_A = (pitch_R/P1)*180;

roll_G = (roll_R/P1)*180;



pitch_G = (pitch_R/P1)*180;

roll_C = (roll_R/P1)*180;
pitch_C = (pitch_R/PI)*180;
yaw_C = (heading/P1)*180;

roll_ref = roll_C;

Mscaled = compass.ReadScaledAxis();
heading = atan2(Mscaled.YAxis, Mscaled.XAxis);

//NRF24L01

delay(150);

SPI-.beginO;
SPl.setBitOrder(MSBFIRST);
transmitter.channel(90);
transmitter.TXaddress("ALL");

transmitter.init();

//Interrupt

attachinterrupt(Chlinterrupt, Ch1_begin, RISING);
attachinterrupt(Ch2Interrupt, Ch2_begin, RISING);
attachinterrupt(hallinterrupt, Hall, RISING);

//Servo
servo_count = 0;
turning = 1680;
Ch_servo = 1680;
servo_angle = 110;
servo_pulse = 1680;
myservo.attach(5);

mybrushless.attach(6);



delay(100);
}

void loop()
{
//Blink without deley (sensor)
unsigned long currentMillis = millis();
if(currentMillis - previousMillis_sensor >= interval_sensor)
{
previousMillis_sensor = currentMillis;

digitalWrite(13,HIGH);

//Accelerometer

Araw = accel.ReadRawAxis();
xAxisRawData = Araw.XAxis;
Ascaled = accel.ReadScaledAxis();

Ax = Ascaled.XAxis * 9.81;
Ay = Ascaled.YAxis * 9.81;
Az = Ascaled.ZAxis * 9.81;

if (Ax < 0)
{
Av = -1 * Ax;
}
else Av = Ax;

//Gyro

itg3205.itg3205ReadGyro();

if(itg3205.itg3205GyroX() > -0.07 && itg3205.itg3205GyroX() < 0.07)
Gx = 0.00;

else Gx = itg3205.itg3205GyroX();

if(itg3205.itg3205GyroY() > -0.07 && itg3205.itg3205GyroY() < 0.07)



Gy = 0.00;

else Gy = itg3205.itg3205GyroY();

if(itg3205.itg3205GyroZ() > -0.21 && itg3205.itg3205GyroZ() < 0.21)
Gz = 0.00;

else Gz = itg3205.itg3205GyroZ();

//Compass
Mraw = compass.ReadRawAxis();
Mscaled = compass.ReadScaledAxis();
MilliGauss_OnThe_XAxis = Mscaled.XAxis;
heading = atan2(Mscaled.YAxis, Mscaled.XAxis);
declinationAngle = 0.0457,;
heading += declinationAngle;
if(heading < 0)
heading += 2*PI;
if(heading > 2*PI)
heading -= 2*Pl;
headingDegrees = heading * 180/M_PJ;

//Angle
roll_R = atan2(Araw.XAxis,Araw.ZAxis);
pitch_R = atan2(Araw.YAxis,Araw.ZAxis);

roll_A = (roll_R/P1)*180;
pitch_A = (pitch_R/PI1)*180;

roll_G -= itg3205.itg3205GyroY() *0.020 * 1.5;
pitch_G -= itg3205.itg3205GyroX() *0.020 * 1.5;
yaw_G += Gz *0.020;
iflyaw_G < 0)

yaw_G += 360;
if(yaw_G > 360)

yaw_G -= 360;



roll_C = 0.98*(roll_C - itg3205.itg3205GyroY() *0.020 * 1.5) + 0.02*(roll_A);
pitch_C = 0.98*(pitch_C + itg3205.itg3205GyroX() *0.020) + 0.02*(pitch_A);

roll_S = roll_C / 10;
pitch_S = pitch_C / 10;

roll_del = roll_C - roll_ref;

turning = Chl_val;
if (Ch1l_val < 1050)
{
| .servo_angl.e = 40; // Pulse 1000 ms (Min)
servo_pulse = 1000; |
Si = 21;
So= 21;
}
else if (1050 >= Ch1_val && Ch1 val < 1150)
{
servo_angle = 50; // Pulse 1100 ms
servo_pulse = 1100;
Si=18;
So = 18;
}
else if (1150 >= Ch1_val && Ch1 _val < 1250)
{
servo_angle = 60; // Pulse 1200 ms
servo_pulse = 1200;
Si = 15;
So = 15;
}
else if (1250 <= Ch1_val && Ch1 _val < 1350)



{
servo_angle = 70; // Pulse 1300 ms

servo_pulse = 1300;
Si =12
So = 12;
}
else if (1350 <= Ch1_val && Ch1_val < 1450)
{
servo_angle = 80; // Pulse 14000 ms
servo_pulse = 1400;
Si=9;
So=09;
}
else if (1450 <= Ch1_val && Ch1 val < 1550)
{
servo_angle = 90; // Pulse 1500 ms
servo_pulse = 1500;
Si = 6;
S0 =.6;
}
else if (1550 <= Ch1_val && Ch1 val < 1650)
{
servo_angle = 100; // Pulse 1600 ms
servo_pulse = 1600;
Si =3
Soi= 3;
}
else if (1650 <= Ch1l_val && Ch1_val < 1750)
{
servo_angle = 110; // Pulse 1700 ms (Middle)
servo_pulse = 1700;
Si= 0
So = 0;



}
else if (1750 >= Ch1_val && Ch1 val < 1850)

{
servo_angle = 120; // Pulse 1800 ms
servo_pulse = 1800;
5i =3;
So = 3;
}
else if (1850 >= Ch1_val && Ch1_val < 1950)
{
servo_angle = 130; // Pulse 1900 ms
" servo_pulse = 1900;
Si = 6;
So = 6;
}
else if (1950 >= Ch1_val && Ch1_val < 2050)
{
servo_angle = 140; // Pulse 2000 ms
servo_pulse = 2000;
Si=9;
So=09;
}
else if (2050 >= Ch1_val && Ch1_val < 2150)
{
servo_angle = 150; // Pulse 2100 ms
servo_pulse = 2100;
Si= 12;
Se = 12:
}
else if (2150 >= Ch1_val && Ch1 val < 2250)
{
servo_angle = 160; // Pulse 2200 ms

servo_pulse = 2200;



Si = 15;
So=15;
}
else if (2250 >= Ch1_val && Ch1_val < 2350)
{
servo_angle = 170; // Pulse 2300 ms
servo_pulse = 2300;
51 = 18;
So = 18;
}
else if (2350 >= Ch1 _val)
{
servo_angle = 180; // Pulse 2400 ms (Max)
servo_pulse = 2400;
5i =24
Soi= 21
}

R = (((L/sin((P1/180) * So)) + (sgrt (pow(L,L) + pow( (L/tan((P1/180) * Si))+
D,2)))/2) ;
Vmax = sqrt(Av * R * cos((PI/180) * roll_Q));

if (8 <V && Ch2_val < 1600)

{
Vt = V2;

V2 = Vt;



Speed = Ch2_val;

//Multiplexer
if ((-50 > roll_A || roll_A > 50) && Ch2_val > 1600)
{

digitalWrite(9,LOW);

digitalWrite(10,HIGH);

Adog =1;
mybrushless.write(1600);
}

else

{
digitalWrite(10,LOW);
digitalWrite(9,HIGH);
Adog =0 ;

mybrushless.write(Speed);

if (roll_A < 0)
{
M_roll = -1 * roll_A;
}
else M_roll = roll_A;

M Ax = Av * 10 ;

if (Gz <0)
{
M Gz =Gz/-10;
}
elseM Gz =Gz/10;



digitalwrite(13,LOW);
}

///Blink with deley (print)
if(currentMillis - previousMillis_print >= interval_print)
{

previousMillis_print = currentMillis;

//digitalWrite(13,HIGH);

//EEPROM
sensorVal = digitalRead(4);
if (sensorVal == 1)
{
val_1 = (Ch1_val/10);
val 2 = (Ch2_val/10);
val_3 = (M_roll);
val 4 = (Vt * 10);

EEPROM.write(addr, val _1);
addr = addr + 1;
EEPROM.write(addr, val_2);
addr = addr + 1;
EEPROM.write(addr, val_3);
addr = addr + 1;
EEPROM.write(addr, val_4);
addr = addr + 1;

if (addr == 2000)

{
addr = 0;



//Test
Serial.println(Vt);

//Innterrupt

void Ch1_begin()

{
Ch1_startPulse = micros();
detachinterrupt(Ch1interrupt);

- attachinterrupt(Chilinterrupt, Ch1_end, FALLING);

}

void Ch1_end()

{
Ch1_val = micros() - Ch1_startPulse;

detachinterrupt(Chlinterrupt);

attachinterrupt(Ch1linterrupt, Chl_begin, RISING);

if (Ch1_val < 600 || Ch1_val > 2500) { Ch1_val = Ch1_val last;}
else {Ch1_val_last = Ch1_val;}

void Ch2_begin()

{
Ch2_startPulse = micros();
detachinterrupt(Ch2interrupt);
attachinterrupt(Ch2interrupt, Ch2_end, FALLING);

}

void Ch2_end()
{



Ch2_val = micros() - Ch2_startPulse;
detachinterrupt(Ch2Interrupt);
attachinterrupt(Ch2interrupt, Ch2_begin, RISING);
if (Ch2_val < 600 || Ch2_val > 2500) { Ch2_val = Ch2_val_last;}
else {Ch2_val_last = Ch2_val;}

}

void Hall ()
{
T = micros()- N ;
if (25000 < T)
{
V = 0.43/(T/1000000) ;
N = micros() ;

}



