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to any place without a human p|to “abe ihg GPS to navigate the destination.
Furthermore, it uses multi-rotor controller board; Ardupilot APM 2.5, to control all of
sensors on board, i.e. compass, gyros and speed control, which has Google Maps
applications part to help identify the destination. Lastly, it has a camera on the multi-
rotor that can be long-lasting record from sky to the ground station, stored in memory
in the camera. Also, using for the traffic exploration.
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2.9.4 fairinvesraulnsamafuuu PID
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9INJUT 3.2 Wunmdamaihaueedlusunsumuaumstunuuldslundsdu
ﬂmm‘mnﬁias‘uamu"man'lmawaﬁiumaﬂmanua'm'mu'ru a'ltmn (@01uz ARM)
dlewdarlfruuedamununistuvesainiasy 4 lua (APM 2.5) inmadermnsfimed
Sudu 19y AA1uge A7 Roll, Pitch, Yaw, Wndfeadusy uasifufindidnnsefing
Wudu udninisdenldiulvsunsumuaunisduinilunaeulnsa §98198991n
dosdyyruildlunismuny 3 desdyyrnufe Channel 1 anumswmmsﬂﬂ,
Channel 2 muﬂumitﬂaaumﬂmwm NOUYAY wag Channel 3 muanmsmaauﬂw-aa
lukurfsveseniaeiu 4 luwp lasveadens wqumqmmuamasm 4 @7
vuaInIAe 1y 4 Tuwe Aier s EEht lanireu 4 luiaadoud
Tumudnang

8
*%:w

T Wl lﬁ m
.A?nw""’ c

3Ui1 3.3 famsvheuvesdulusunsy (AIUAULUUEATUIR) (setup)



25
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NN3UT 3.4 Wunmuansdanmaviinueesdulusunsumuaunisdu (Loop)
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NNFUY 3.6 uamamsimnamsyeslugsitadmne Taedredanngui
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dlon = lon,-lon, (3.2)
dlat= latz-latl (33)
a=(sin( % ))2+cos(lat;)- cos(laty) -{(sin (91—:3) )?} 5 L)

Distance = (Earth Radius)-c AT
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LTI 11171 /Code onain /1111111171117 11 1101711111111
#include <Arduino.h>

#include <Wire.h>

#include "MS561101BA.h"

#include "config.h"

#include "multi_rx2560.h"

#include "mpu6050.h"
#include "ahrs_tin.h"
#include "Control_PID.h"
#include "motorX4.h

{

float sum=0.0;
for(int i=0;i<size;i++)
{

sum += bufflil;
}
return sum/size;

< Q/ q 9 = t y q- -9 o 19 91 J Y Y
RhGEE di,ﬂmamfm 1S UMT IR NIsANY N Y e yana iy lxlsy lasuaiinism
& o y?:dsgtup(), S e OeS ; e S T O e e
[IAINTULAGINE 1 0NN IWN LAt U UO W LUAZHDI9 N8 IDIIIVBUBNTITNAAIINUNITUT b1 197

3
{
Serial.begin(57600);//38400
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pinMode(13, OUTPUT);pinMode (30, OUTPUT);pinMode (31, OUTPUT);
//pinMode (30, OUTPUT);pinMode (31,
QUTPUT)//(13=A=M),(31=B=STABLEPIN),(30=C,GPS FIG LEDPIN)digitalerte(l?Jé, HIGH);
//Serial1.begin(115200);//CRIUS Bluetooth Module pin code 0000 '
//Serial3.begin(38400);//3DR Radio Telemetry Kit 433Mhz |
configureReceiver(),//find multi_rxh
motor_initialize();//find motor.h
ESC_calibration();//find motor.h
GPS_multilnt();
Wire.begin();

temperature = baro.getTempérature 6+10TBA_OSR 4096);
presser = baro.getPressure(MS561101BA_OSR_4096);
pushAvg(presser);
delay(20);
}
//Altitude_Ground = Altitude_baro/10.0;
R LI SR RIS S Aressen& 01 d/resser 008,521 1 hiouanaldih14):
 Serial.print(*presser *)Serial.println(sea_press);, s

SRV INGRERRIIN)

digitalWrite(13, LOW);,
sensor_Calibrate();//sensor.h

\ 1 ~ = P 19 9
13421051 UOUDNTITNAATINH AT U 1119



ahrs_initialize();//ahrs.h
setupFourthOrder();//ahrs
RC_Calibrate();//"multi_rxPPM2560.h"
Serial.print("TK_Quadrotor_Run_Roop_100Hz");Serial.println("\t");
sensorPreviousTime = micros();
previousTime = micros();
}
void loop()
{

TR

if(Dt_sensor ,
{ hso?' ? Q r\@
auLnant

Dt_sensor = 1001;
}
if(Dt_sensor >= 1000 && gyroSamples < 4)////Collect 3 samples = 2760 us &&
gyroSamples < 5 && gyroSamples < 5
{
sensorPreviousTime = micros();
mpu6050_readGyroSum();

- Mpu6050_readAccelsum(); ANE TN ;’:"":- lsiovana il 9ss Toa

J KLU 1P 12

u J)
‘Wﬂl,dllw}p]ﬂ\ldl 9NN ;d ']:A; yjl')
Dt_roop = micros() - prewousTme// 100 Hz task loop (10 ms) 5 00 = 0.02626 ms

if(Dt_roop <= 0)
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{

Dt_roop = 10001;

}

if (Dt_roop >= 10000)

{
previousTime = micros();
G_Dt = Dt_roop*0.000001;
frameCounter++;
mpu6050 Get_accel();
mpu6050_Get_gywo();

GyroXf
//GyroX
Gyro vvvvv
GyraZf =(GyroZ_+ GytoZ2)/ 0~ | &
Gyro) 2%
Vi
Ac VIR s
NNV
Acqry SRR REER
Accy \-.n.l.lsl'lilll
N\
_ <
,smoothindfactop  : * ’;
//AccYf R A 4 (AC A
/ACC C @( \(;‘
//ACZf = A #&%z {564
11111 RFkker %%der Vv 77111111111/
NN\

Accel[XAXIS] = AccX;
Accel[YAXIS] = AccY;
Accel[ZAXIS] = AccZ;
for (int axis = XAXIS; axis <= ZAXIS; axis++) {
filteredAccel[axis] = computeFourthOrder(Accel[axis],
&fourthOrderlaxis]);//"ahrs_tin.h"

}
on a3 AT G 7 A ETeACEelRANH 1 e nsfnunini Tiewanalihin lul5ass Tumidhun
oo o ABEYE = MteredACoallVANISEy 0 L g g |

" J/AccZf = filteredAccel[ZAXIS]:
VL L e s e a4
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//ahrs_updateMARG(GyroXf, GyroYf, GyroZf, AccXf, AccYf, AccZf, c_magnetom x,
¢_magnetom_y, ¢_magnetom_z, G_Dt);//quaternion ,direction cosine matrix ,Euler
angles

ahrs_updateMARG(GyroXf, GyroYf, GyroZf, filteredAccel[XAXIS],
filtteredAccel[YAXIS], filteredAccel[ZAXIS], c_magnetom_x, c_magnetom _y,
c_magnetom_z, G Dt);

//x_angle = x_angle + (GyroXf*RAD_TO_DEG*G_Dt);

//x_angle = kalmanCalculateX(ahrs_*BAD TO DEG, GyroX*RAD_TO DEG, G_Dt);

//y_angle = ‘i Y(ah
///Observer velogity \N W
< iy

//actuay speedxfi= &'3 al§
actual_speedX*10:2*G2 04/ 82\ 4 //&
iy oSy
B A | ,:
//p% AT R
GPS_LATLA¥8 25713G At/ 12.5042
_! 0 AR !'llllll:l.'.l"llllm‘ 7 om ’ .
//G ._*_ -‘l?a '.\“1 l/"’" -~  ot;

n(i 347215 1.5
\ \ Rt Ny A N

6.5 vx_Rat = ?at I ‘\ . 60

vx_hat2 % ate + t ‘4.;. f"j

vx_hat = cof ;

applyDeadban X t%xy cm/s ¥

float temp vy—acc th* 00 n!’(ﬂ/;%cn pefSl Uy hat2)*13.2,//2.15 1.5
6.5

vy_hat2 = vy hat2 + temp_wy*G_Dt;

vy_hat = constrain(vy_hat2, -400, 400);

applyDeadband(vy_hat, 4.5);//10.5 cm/s
L v

//Observer hz kalman , GPS_hz , GPS_vz i

. float temp_vz = accrZ_Earth + (baro vz - vz_hat2)*0.45 + (Altitude_barof -

_Altltude hat)*3.72;//Altitude_barof Altltude Baro ult 4.72 ,,0.95

VZ_ hat2 = vz _hat2 + temp_vz*G Dt

vz_hat = constrain(vz_hat2, -4, 4);//+-4 m/s
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applyDeadband(vz_hat, 0.04);//+-0.01 m/s

float temp_hz = vz_hat + (Altitude_barof - Altitude_hat)*6.72,//4.72 12.54 4.5

Altitude_hat = Altitude_hat + temp_hz*G_Dt; |

//Altitude_hat = constrain(Altitude_hat, 0.0, 1.2);//1.5 m By Ultrasonic |

//vz = vz + accrZ_Earth*G_Dt; |
baro_vz = (Altitude_hat - baro_vz_old2)/0.02;//Diff Altitude |
baro_vz_old2 = baro vz old;
baro_vz_old = Altitude_hat;

//////0ut
//armed

if (CH_RUD > MM & ) < 10 && abs(ahrs_r)

< 10)//+- 10 deg, ARM
{
armed = 1;
digitalWrite(31, HIGH);//B
setHeading = ahrs_y;// 0 degree ,ahrs_tin.h
}
o JF(CH_RUD < MINCHECK && armed == Q/IDISARM il )54 Teaade
2 { ] ; : AR g ). y 9
ulaanaa AALUAUUDH T LATADIDIIBIDIIIVDIUDNAITNNATINUNIT U 11 LY

d 0;
dtgltaante(31, LOW);



Altitude_Ground = Altitude_baro;
Altitude_Il = 0.17;
}
if (CH_RUD < MINCHECK && armed == 0 && CH_ELE > MAXCHECK)
//Mag_Calibrate :

{
Mag_Calibrate(),//#include "mpu6050.h"

}

-------

INATNINA

o~ =
¢l

R {ARGRES
IIITaa S s W NI

o[-

: FIEmp atur?@'
//Altitude_Be ﬁ@@ é)arol;?_t]tigdre\ Grolihd $AG:
Chack_Command;/Gentro &J

Altitude_sonaold = Altitude=senal;

Automatictakeland();
¥//end roop 10 Hz
if (frameCounter % TASK_5HZ == 0)//GPS_calc TASK_5HZ
{
Cal_GPS();

. //GPS_distance_m_bearing(GPS_LATI, GPS_LONL, GPS LAT_HOME,
GPS_LON_HOME, Altitude_hat); Gl g bt MiiE e Glametn SS IR Gom o 1 )
7 ifiMode == 2 && GPS_FIX == 1)//Position_Hold if(Mode == 21 Mode == 3 &&
GPS_FIX == 1)

) W 2E
//press ovave P
P |taele .tt;,;':!:'-'.




{
GPS_calc_positionhold();//Control_PID.h

}

else

{

GPS_|_LAT = 0.0;
GPS_| LON = 0.0;
Control_XBf = 0.0;
Control_YBf = 0,0

11U|\1

L .’\“’\“f‘“’\@?

)5 rint(

) rleaf{\:) %&@kt
rin (Afo ri ;
bﬁ% e

ails

rial.print("\t");

//Serial.print("setpoint_rate roll
");Serial.print(setpoint_rate_roll);Serial.print("\t");

//Serial.print("setpoint_rate_pitch
");Serial.print(setpoint_rate_pitch);Serial.print("\t");

//Serial.prim:( MagXf ")Serial.print(MagXf:Serial print("\t’); s
- //Serial print("MagYf *);Serial.print(MagYf); Senalpnnt("\t") PR
//Serial print("MagZf ");Serial print(MagZf;Serial print(\t"); e

//Serial.print("accelRaw[XAXIS] "),Sersat._pnnt(accelRaw[XAXlS]);Serial.p;rint("\t");
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//Serial.print("accelRaw[YAXIS] ");Serial.print(accelRaw[YAXIS]);Serial.print("\t");
//Serial.print("accelRaw[ZAXIS] ");Serial.print(accelRaw[ZAXIS]);Serial.print("\t");
//Serial.print("GyroX*RAD_TO_DEG
");Serial.print(GyroX*RAD_TO_DEG);Serial.print("\t");
//Serial.print("GyroXf*RAD_TO_DEG
");Serial.print{GyroXf*RAD_TO_DEG);Serial.print("\t");
//Serial.print("GyroYf*RAD_TO_DEG
");Serial. pnnt(GyroYf*RAD TO DEG) Serial, prmt("\t );

o Z.“ 0 ),Sena WPrint("\t");
; ‘!‘ ‘ i agneto £ g t(n\tu)’

/ 3 a;‘“ﬁ i B \ 4 B -0 (]
2 ks haghieton 2);Seral print("\t");
l u _m.mm - | ik

] : w.\'r.v.\'mmo
‘. 95 rial,p 'n :
r| a%ﬁ t!' _;v“‘
( Lead

S %mt( ¢1v‘, LA -,'
".z ?}(“ PS l‘ 10 F

edal print("\t");

NN GPS LONllead 9) Serial. pnnt("\t %
//Serual.prmt( error_LAT ");Serial.print(error_LAT);Serial.print("\t");
//Serial.print(*error_LON “);Serial.print(error_LON);Serial.print("\t");
//Serial.print("GPS_speed ");Serial.print(GPS_speed);Serial.print("\t");//cm/s
//Serial.print("GPS_ground_course

"),Serial.print(GPS_ground_course);Serial.print("\t");//deg

j //Serial.print(’_velocity_north *);Serial.print(_velocity_north);Serial.print("\t");
//Serial print("actual_speedX ");Serial.print(actual_speedX);Serial.print("\t");
//Serial.print("actual_speedXf ");Serial.print(actual_speedXf);Serial.print("\t");



//Serial.print("vx_hat ");Serial.print(vx_hat);Serial.print("\t");
//Serial.print("_velocity_east ");Serial.print(_velocity_east);Serial.print("\t");
//Serial.print("actual_speedY ");Serial.print(actual_speedY);Serial.print("\t");
//Serial.print(*actual_speedYf ");Serial.print(actual_speedYf);Serial.print("\t");
//Serial.print("vy_hat ");Serial.print(vy_hat);Serial.print("\t");
//Serial.print("GPS_Distance ");Serial3.print(GPS_Distance);Serial3.print("\t");
//Serial.print("GPS_ground_course |

“);Seriat3.print(GPS_ground_course);SeriaLrint("\t");

\ptin Sen A 10)6@1
//Senat print{™_co ");Serial. prmt{h c t("\t)

//Serial. pnnt( _ hz ;Seri nt( g el -

-
o

//Serial.print("vz_hat ");Serial.print(vz_hat);Serial.print("\t");
//Serial.print("DCM10 ");Serial.print(DCM10);Serial.print("\t");
//Serial.print("DCM11 ");Serial.print(DCM11);Serial.print("\t");
//Serial.print("DCM12 ");Serial.print(DCM12);Serial.print("\t");
//Serial.print("AccX ");Serial.print(AccX);Serial.print("\t");
//Serial.print(*AccXf ");Serial.print(AccXf);Serial.print("\t");

. ",//Serial.print("AchfZ *);Serial.print(AccXf2);Serial.print("\t");
5 //Serial.print("AccY ");Serial.print(AccY);Serial.print("\t");

//Serial.print("AccYf ");Serial.print{AccYf);Serial. print("\t");
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//Serial.print("AccZ ");Serial.print(AccZ);Serial.print("\t");
//Serial.print("AccZf2,3 ");Serial.print(AccZf2,3);Serial.print("\t");
//Serial.print("AccZf3,3 ");Serial.print(AccZf3,3);Serial.print("\t");
//Serial.print("AccZf ");Serial.print(AccZf);Serial.print("\t");
//Serial.print("accrX_Earth ");Serial.print(accrX_Earth);Serial.print("\t");
//Serial.print("accrY_Earth ");Serial.print(accrY_Earth);Serial.print("\t");
//Serial.print("accrZ_Earth ");Serial.printlaccrZ_Earth);Serial.print("\t");

)

v ;.; ‘ XA&S])S ia print('\t)

@ ,

J;oeft] dadin 2); nant('\t')%
int(" a TRA \C ‘ e ﬂ = o
\.( . Yy vQ : \ 4
6)\ . " a.x =) > £
!
('& roch ~o sq

");Serial. pnnt(cosr @g}'%nalpnnt("\taﬁ Qf\@‘
//Serial. pnnt(x angle. Se@a&ér&mﬂ@@e nt(’\t")

oo,

//Serial.print("u_roll “);SeriaL.print(u_rolt);SeriaLprint(“\t");
//Serial.print("u_pitch ");Serial.print(u_pitch);Serial.print("\t");
//Serial.print("u_yaw ");Serial.print(u_yaw);Serial.print("\t");

//Serial3.print(Control_XEf);Serial3.print("\t");
//Serial3.print{Control YEf);Serial3.print("\t");
//Serial3.print(Control_XBf);Serial3.print("\t");
//Sé'rialB.prin‘t(Control_YBf);SeriaB.print{"\t");
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if Aff

100 (1s)

'.J!g

99

//Serial.print("Control_XEf ");Serial.print(Control_XEf);Serial.print("\t");
//Serial.print("Control_YEf ");Serial.print(Control_YEf);Serial.print("\t");
//Serial.print("Control_XBf *);Serial.print(Control_XBf);Serial.print("\t");
//Serial.print("Control_YBf ");Serial.print(Control_YBf);Serial.print("\t");

//Serial print("GPSI_LAT ");Serial.print(GPSI_LAT);Serial.print("\t");
//Serial.print("motor_FrontL ");Serial.print(motor_FrontL);Serial.print("\t");
//Serial.print("motor_FrontR ");Serial.p rint(motor_FrontR);SeriaLpn’ nt("\t");

//Serial.print(" mot : kL)‘Serialprint("\t")'
//Serial.print(#MetOr Bac otor_BaekR);Serial.print("\t");
//Seriaot K{\g\ /keft S int("\t");
//Seriglprint(" %n ; ) \ NE'):
/ H 1 : 'ii.‘ fo)Se03 . .

{
Status_LED = HIGH;
}

else

{

Status_LED = LOW;
}

digitalWrite(13, Status LED)/7A

//end roop 1 Hz

" Vend r roop 100 HZ
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LTI 1T PAD Contro 201 11111 ITTETETTHT T AT 017
// ROLL CONTROL P-PID////111111/

float setpoint_roll = ((CH_AILf-CH_AIL_Cal)*0.085) + Control_YBf;//0.12 max +-45 deg
////+-18 + Control YBf

applyDeadband(setpoint_roll
(0.06

setpoint_rate roll =
setpoint_rollold)/(Q.8

.mm En‘v )
AOALT e, "" "“»
TR AN ©

[[ -“5-'- (ta ../ (s
P

/A
a7 | DF («_ s ,co»w-m-m:
f li ST a B es SRR

' '."c.'.'...:\

////+-18 - Control_XBf
applyDeadband(setpoint_pitch, 1.5),//1.2
setpoint_rate_pitch = (0.065*setpoint_rate_pitch/(0.065+G_Dt)) + ((setpoint_pitch-
setpoint_pitchold)/(0.065+G_Dt));//Diff remote
setpoint_pitchold = setpoint_pitch;
setpoint_rate_pitch = constrain(setpoint_rate_pitch, -80, 80);//+-80
‘ ﬂ@g}m ror_pitch = setpoint_pitch - ahrs_p;//ahrs_p*RAD_TO DEG /| |
float error_rate_pitch = setpoint | rate pttch + error pxtch*Kp levelPitch w
| GyroYPRAD TO DEG; | st
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pitch_|_rate += error_rate_pitch*Ki_ratePitch*G_Dt;

pitch_|_rate = constrain(pitch | rate, -50, 50);//+-150

pitch_D_rate = (tar*pitch_D_rate/(tar+G_Dt)) + ((error rate pitch-
error_rate_pitchold)/(tar+G_Dt));

error_rate_pitchold = error_rate pitch;

u_pitch = Kp_ratePitch*error_rate_pitch + pitch_| rate + Kd_ratePitch*pitch D rate;

u_pitch = constrain(u_pitch, -200y200),/4#-300 120

<i|’ di" 15 . y 5 e ¢ 3719 1N A £ , 1919 | “l ’4_",".‘: ‘-.,«’:l;\. !.’I"_’:':v\, 115 2
HIUHIBN A3 1 R WoT ) -t “ )1 VTR A1 A°D 1) JDRYITHT LS

9

R ol e , s
MAT LA IIFU DANIMIL Liaaial IACABID1NBIDUNIVOAUDNTITNNATINNN )T U 1) 1%
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I fvaes woswidwane /7771111111111

void GPS_distance_m_bearing(float lat1, float lon1, float lat2, float lon2, float alt){
float a, R, ¢, d, dLat, dLon;

lon1=lon1/RAD TO DEG;
lat1=lat1/RAD TO DEG;
lon2=lon2/RAD_TO_DEG;
lat2=lat2/RAD_TO DEG;
R=6371000.0; //m rai
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