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LAMPIRAN |

FOTO ALAT



42

Gambar alat pada saat motor

BLDC berputar
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Gambar quadcopter dan remote control

Gambar tampak atas quadcopter dengan baling-baling terpasang
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Gambar tampak samping quadcopter dengan baling-baling terpasang
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LAMPIRAN I

HASIL PENGUJIAN SENSOR MPU 6050




46

W ADAINIONINOIN|O|A|O(O|O|O|O|OCO(OCO|OC|IO0O|IO0O|OCO|O|OC|O|IO0O|O|O|ICO|OIN|O|OY|O|HA|OININ|O|O
= =N — 1 S B A N Al R (R I
>
3
©
>3 o|lo|o|o|d|d|d|o|o|o|a|o|o|o|d|d|o|d|d|d|d|d|d|nN|Nfa|a|N]|dfcdo]|d|o]|| |
~
S
&
%& Y ) ) ) ) N ) ) gy ) par) e e e R S R R G S G S I T I R I R e R A e e
+—
e
©
< | >
9
S, o|lo|o|o|d|d|d|o|o|o|n|o|o|o|d|d|o|d|d|d|d|d|dlnfNfa|a|a]|ddfco|d|o|o| |
uqnmm
ol NlN[on|o[n|n|o|lo|lolo|d|w|w|w|lo|lo|la|lao|oa|lo|o|la|o|d|dd|d|d ||| |[W[(W|[A]—
S dAld|d]| 1[N N|R|N|N]|N[N|N[N|N[N[N]N[N] NS D N IRt O O B B R A R
o
©
_| >
©
C | = g e K= F R R B R R Y K= K= = = B N R R R e o B R R e A e N R =1 k=2 l=1 =2 Ts
x|o T =R =N R N R R RN Rl R N R Rl R e R R K B A KA R A R A s A R sl R Kl G R A R A ke R R i ke Mk A ke A S
j .
)
| g NlN|[on|g[v|uvn|jn|n]jo|lov|lv|v|v|v|lvw|v|o|lv|[NN N NN NN NINNNNNNOOlO[BW]|WL
+—
a
WO O|IO|O|0O|I0O|I0O|0O|O|O|O|O|I0O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|IO|O|O|O|O|O|O|O|O
©
>
= | S SV KR R KoV K E KoV Ka vl KoV KA Ko Ko Vi Ko H KoVl KN H KoV K K KV KoV KoV sV o R s s R K N K R Es N s sV S s R SV R KR KV R Y
O_ LI I D R I A RO A A A N N S A N R R R AR I N R D DR R A R R D B R A B DR DR R A R A R BN D NN R BN DN N A N R NN AN N A N N N DN A N A AN D A B AN N A AN AR A B |
S
|- Y [N Y (Y P NN PR Y I QU N Y U U ) NI QU [NIFY QU Y QU Uy NI Uy NI U gy QUi JUry QU Uiy Uy U Uy U QU
2
S




47

-12
-15
-15
-11

-29

-27
-23

-12

-12
-15
-15

-20

-24
-24
-24

-17

-14
-14
-14
-14
-14
-14
-15
-15
-15
-15
-15

-13

-23

-17

-11

-10
-6
0
-1
-1
-1

1
-1
0
0
0
0

18
12

-10
-17

-17

-26

3

-44

-52

-60

-60
-66

-66

-66

1.

-6

-11

-13
-16

-17

=1

-17

-18
-18
-18
-18

0
0
0
0
0
0
0
0




48

LAMPIRAN 11

LISTING PROGRAM



PROGRAM UTAMA
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#include <Wire.h> /Mnclude the Wire.h library sowe can communicate with the gyro.
#include <EEPROM.h> /MInclude the EEPROM.h library sowe can store information onto the
EEPROM

T T L T T
/IPID gain and limit settings
i

float pid_p_gain_roll= 1.3; /IGain setting for the roll P-controller

float pid_i_gain_roll = 0.04; /IGain setting for the roll I-controller

float pid_d_gain_roll = 18.0; /IGain setting for the roll D-controller

int pid_max_roll =400; /IMaximum output of the PID-controller (+/-)

float pid_p_gain_pitch = pid_p_gain_roll; //Gain setting for the pitch P-controller.
float pid_i_gain_pitch =pid_i_gain_roll; //Gain setting for the pitch I-controller.
float pid_d_gain_pitch =pid_d_gain_roll; //Gain setting for the pitch D-controller.

int pid_max_pitch = pid_max _roll; /IMaximum output of the PID-controller (+/-)
float pid_p_gain_yaw= 4.0; /IGain setting for the pitch P-controller. //4.0
float pid_i_gain_yaw = 0.02; /IGain setting for the pitch I-controller. //0.02
float pid_d_gain_yaw= 0.0; /IGain setting for the pitch D-controller.

int pid_max_yaw = 400; /[IMaximum output of the PID-controller (+/-)
boolean auto_level = true; /[Auto level on (true) or off (false)

e L e e
//Declaring global variables

L R L
byte last_channel 1, last_channel 2, last_channel_3,last_channel 4;

byte eeprom_data[36];

byte highByte, lowByte;

int receiver_input_channel_1, receiver_input_channel_2, receiver_input_channel_3,
receiver_input_channel_4;

int counter_channel_1, counter_channel_2,counter_channel 3,counter_channel 4, loop_counter;

intesc_1,esc_2, esc_3,esc_4;

int throttle, battery_voltage;

int cal_int, start, gyro_address;

int receiver_input[5];

int temperature;

int acc_axis[4], gyro_axis[4];

float roll_level adjust, pitch_level adjust;

long acc_x, acc_y, acc_z, acc_total vector;

unsigned long timer_channel_1, timer_channel_2, timer_channel_3, timer_channel_4, esc_timer,

esc_loop_timer;

unsigned long timer_1, timer_2, timer_3, timer_4, current_time;
unsigned long loop_timer;

double gyro_pitch, gyro_roll, gyro_yaw;

double gyro_axis_cal[4];

float pid_error_temp;

float pid_i_mem_roll, pid_roll_setpoint, gyro_roll_input, pid_output_roll, pid_last_roll_d_error;
float pid_i_mem_pitch, pid_pitch_setpoint,gyro_pitch_input, pid_output_pitch, pid_last_pitch_d_error;
float pid_i_mem_yaw, pid_yaw_setpoint,gyro_yaw_input,pid_output_yaw, pid_last_yaw_d_error;

float angle_roll_acc, angle_pitch_acc, angle_pitch, angle_roll;
boolean gyro_angles_set;

T T T
/ISetup routine
i i
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void setup(){
/ISerial.begin(57600);
/ICopy the EEPROM data for fast access data.
for(start = 0; start <= 35; start++)eeprom_data[start] = EEPROM .read(start);

start=0; /ISet start back to zero.

gyro_address =eeprom_data[32]; /IStore the gyro address in the variable.
Wire.begin(); /IStart the 12C as master.

TWBR =12; //Set the 12C clock speed to 400kHz.

/IArduino (Atmega) pins default to inputs,so they don't need to be explicitly declared as inputs.

DDRD |= B11110000; /IConfigure digital poort 4, 5, 6 and 7 as output.
DDRB |= B00110000; /IConfigure digital poort12 and 13 as output.

/[Use the led on the Arduino for startup indication.
digitalWrite(12,HIGH); /[Turn on the warning led.

/ICheck the EEPROM signature to make sure that the setup program is executed.
while(eeprom_data[33] !="J" || eeprom_data[34] !='M' || eeprom_data[35] != 'B)delay(10);

/IThe flight controller needs the MPU-6050 with gyro and accelerometer
/1f setup is completed without MPU-6050 stop the flight controller program
if(eeprom_data[31] == 2 || eeprom_data[31] == 3)delay(10);

set_gyro_registers(); /ISet the specific gyro registers.

for (cal_int =0; cal_int < 1250 ; cal_int ++){ /IWait 5 seconds before continuing.
PORTD |= B11110000; /ISet digital poort4, 5, 6 and 7 high.
delayMicroseconds(1000); //Wait 1000us.
PORTD &= B00001111; //Set digital poort4, 5, 6 and 7 low.
delayMicroseconds(3000); //Wait 3000us.

}

//Let's take multiple gyro datasamples sowe can determine the average gyro offset (calibration).

for (cal_int = 0; cal_int < 2000 ; cal_int ++){ //Take 2000 readings for calibration.
if(cal_int % 15 == O)digitalWrite(12, !digitalRead(12)); //Change the led status to indicate

calibration.

gyro_signalen(); //Read the gyro output.
gyro_axis_cal[1] += gyro_axis[1]; /IAdroll value togyro_roll_cal.
gyro_axis_cal[2] += gyro_axis[2]; //Ad pitch value to gyro_pitch_cal.
gyro_axis_cal[3] += gyro_axis[3]; /IAdyaw value to gyro_yaw_cal.

/IWe don't want the esc's to be beeping annoyingly. So let's give them a 1000us puls while calibrating the
gyro.

PORTD |= B11110000; /ISet digital poort4, 5, 6 and 7 high.
delayMicroseconds(1000); /IWait 1000us.
PORTD &= B00001111; //Set digital poort4, 5, 6 and 7 low.
delay(3); /IWait 3 milliseconds before the next loop.
}
/INow that we have 2000 measures, we need to devide by 2000 to getthe average gyro offset.
gyro_axis_cal[1] /= 2000; /IDivide the roll total by 2000.
gyro_axis_cal[2] /= 2000; /IDivide the pitch total by 2000.
gyro_axis_cal[3] /= 2000; /IDivide the yaw total by 2000.
PCICR |= (1 << PCIEQ); /ISet PCIEO toenable PCMSKO scan.
PCMSKO |= (1 << PCINTO); /ISet PCINTO (digital input8) totrigger an
interrupt on state change.
PCMSKO |= (1 << PCINTZ); /ISet PCINT1 (digital input9)to trigger an

interrupt on state change.
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PCMSKO |= (1 << PCINT2); /ISet PCINT2 (digital input 10)to trigger an
interrupt on state change.
PCMSKO |= (1 << PCINT3); /ISet PCINT3 (digital input 11)to trigger an

interrupt on state change.

//Waituntil the receiver is active and the throtle is setto the lower position.
while(receiver_input_channel_3 <990 | receiver_input_channel_3> 1020 || receiver_input_channel_4<

1400){

receiver_input_channel_3 = convert_receiver_channel(3); /IConvert the actual receiver signals
for throttle to the standard 1000 - 2000us

receiver_input_channel_4 = convert_receiver_channel(4); /IConvert the actual receiver signals
for yaw to the standard 1000 - 2000us

start ++; [IWhile waiting increment start whith every loop.

//We don'twant the esc's to be beeping annoyingly. So let's give them a 1000us puls while waiting for the
receiver inputs.

PORTD |= B11110000; //Setdigital poort4, 5, 6 and 7 high.
delayMicroseconds(1000); //Wait 1000us.
PORTD &= B00001111; /ISet digital poort4, 5, 6 and 7 low.
delay(3); /IWait 3 milliseconds before the next loop.
if(start == 125){ /IEvery 125 loops (500ms).
digitalWrite(12, !'digitalRead(12)); /IChange the led status.
start=0; /IStart again at 0.
}
}
start=0; /ISet start back to 0.

/ILoad the battery voltage to the battery voltage variable.

/165 is the voltage compensation for the diode.

/112.6V equals ~5V @ Analog 0.

//12.6V equals 1023 analogRead(0).

/11260 / 1023 = 1.2317.

/IThe variable battery voltage holds 1050 if the battery voltage is 10.5V.
battery_voltage = (analogRead(0) + 65) * 1.2317;

loop_timer = micros(); //Set the timer for the next loop.

/IWhen everything is done, turn off the led.
digitalWrite(12,LOW); [ITurn off the warning led.

}
i
/IMain program loop
i
void loop(){

/165.5 = 1 deg/sec (check the datasheet of the MPU-6050 for more information).

gyro_roll_input = (gyro_roll_input * 0.7) + ((gyro_roll /65.5) * 0.3); //Gyro pid input is deg/sec.
gyro_pitch_input = (gyro_pitch_input*0.7) + ((gyro_pitch / 65.5) * 0.3);//Gyro pid input is deg/sec.
gyro_yaw_input=(gyro_yaw_input * 0.7) + ((gyro_yaw/65.5) *0.3); //Gyro pid input is deg/sec.
i

T T

/IGyro angle calculations
//0.0000611 =1/ (250Hz / 65.5)

angle_pitch += gyro_pitch * 0.0000611; /[Calculate the traveled pitch angle and add
this to the angle_pitch variable.
angle_roll += gyro_roll * 0.0000611; /[Calculate the traveled roll angle and add this

to the angle_roll variable.
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//0.000001066 = 0.0000611 * (3.142(Pl) /180degr) The Arduino sin function is in radians

angle_pitch -= angle_roll * sin(gyro_yaw * 0.000001066); /Nfthe IMU has yawed transfer the
roll angle to the pitch angel.
angle_roll += angle_pitch * sin(gyro_yaw * 0.000001066); /1f the IMU has yawed transfer the

pitch angle to the roll angel.

/IAccelerometer angle calculations
acc_total_vector=sqrt((acc_x*acc_x)+(acc_y*acc_y)+(acc_z*acc_2)); /ICalculate the total
accelerometer vector.

if(abs(acc_y) < acc_total_vector){ /[Prevent the asin function to produce a NaN
angle_pitch_acc = asin((float)acc_y/acc_total_vector)* 57.296; /ICalculate the pitch angle.
if(abs(acc_X) < acc_total_vector){ /[Prevent the asin function to produce a NaN
angle_roll_acc = asin((float)acc_x/acc_total vector)* -57.296; /ICalculate the roll angle.
}
/IPlace the MPU-6050 spirit level and note the values in the following two lines for calibration.
angle_pitch_acc -= 0.0; /IAccelerometer calibration value for pitch.
angle_roll_acc -= 0.0; /IAccelerometer calibration value for roll.
angle_pitch = angle_pitch * 0.9996 + angle_pitch_acc * 0.0004; /ICorrect the drift of the gyro pitch
angle with the accelerometer pitch angle.
angle_roll = angle_roll * 0.9996 + angle_roll_acc * 0.0004; /ICorrect the drift of the gyro roll angle
with the accelerometer roll angle.
pitch_level adjust= angle_pitch * 15; /ICalculate the pitch angle correction
roll_level_adjust = angle_roll * 15; /ICalculate theroll angle correction
if(fauto_level){ /Nf the quadcopteris notin auto-level mode
pitch_level_adjust = 0; /ISet the pitch angle correction to zero.
roll_level_adjust = 0; /ISet the roll angle correcion to zero.
}

/[For starting the motors: throttle low and yaw left (step 1).

if(receiver_input_channel 3 < 1050 && receiver_input_channel_4 < 1050)start = 1;

//When yaw stick is back in the center position start the motors (step 2).

if(start == 1 && receiver_input_channel 3< 1050 && receiver_input_channel_4 > 1450){
start = 2;

angle_pitch = angle_pitch_acc; /ISet the gyro pitch angle equal to the
accelerometer pitch angle when the quadcopter s started.

angle_roll = angle_roll_acc; /ISetthe gyro roll angle equal to the accelerometer
roll angle when the quadcopteris started.

gyro_angles_set=true; //Set the IMU started flag.

/IReset the PID controllers fora bumpless start.
pid_i_mem roll =0;
pid_last_roll_d_error = 0;
pid_i_mem pitch =0;
pid_last_pitch_d_error=0;
pid_i_mem_yaw = 0;
pid_last_yaw _d_error = 0;
}
/IStopping the motors: throttle low and yaw right.
if(start == 2 && receiver_input_channel 3 < 1050 && receiver_input_channel_4 > 1950)start = 0;

/IThe PID setpoint in degrees per second is determined by the roll receiver input.
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/ln the case of deviding by 3 the max roll rate is aprox 164 degrees per second ( (500-8)/3 = 164d/s ).
pid_roll_setpoint=0;

//Weneed a little dead band of 16us for better results.

if(receiver_input_channel_1 > 1508)pid_roll_setpoint =receiver_input_channel_1 - 1508;

else if(receiver_input_channel 1 < 1492)pid_roll_setpoint = receiver_input_channel 1 - 1492;

pid_roll_setpoint -= roll_level_adjust; /ISubtract the angle correction from the
standardized receiver roll input value.
pid_roll_setpoint/= 3.0; /IDivide the setpoint for the PID roll controller by 3

to getangles in degrees.

/[The PID set point in degrees per second is determined by the pitch receiver input.

/ln the case of deviding by 3 the max pitch rate is aprox 164 degrees per second ((500-8)/3 = 164d/s ).
pid_pitch_setpoint=0;

/IWeneeda little dead band of 16us for better results.

if(receiver_input_channel 2 > 1508)pid_pitch_setpoint = receiver_input_channel_2 - 1508;

else if(receiver_input_channel 2 < 1492)pid_pitch_setpoint = receiver_input_channel_2 - 1492;

pid_pitch_setpoint -= pitch_level adjust; /ISubtract the angle correction from the
standardized receiver pitch input value.
pid_pitch_setpoint/=3.0; /IDivide the setpoint for the PID pitch controller by

3 to getangles in degrees.

/IThe PID setpoint in degrees per second is determined by the yaw receiver input.
/lIn the case of deviding by 3 the max yaw rate is aprox 164 degrees per second ( (500-8)/3 = 164d/s ).
pid_yaw_setpoint=0;
/IWeneeda little dead band of 16us for better results.
if(receiver_input_channel_3 > 1050){ //Do notyaw when turning off the motors.
if(receiver_input_channel 4 > 1508)pid_yaw_setpoint = (receiver_input_channel_4 - 1508)/3.0;
else if(receiver_input_channel 4 < 1492)pid_yaw_setpoint = (receiver_input_channel 4 - 1492)/3.0;

}

calculate_pid(); /[PID inputs are known. So we can calculate the pid
output.

/IThe battery voltage is needed for compensation.
/IA complementary filter is used to reduce noise.
//0.09853 = 0.08 * 1.2317.

battery_voltage = battery_voltage *0.92 + (analogRead(0) + 65) * 0.09853;

/ITurn on the led if battery voltage is to low.
if(battery_voltage <1000 && battery voltage > 600)digitalWrite(12, HIGH);

throttle = receiver_input_channel_3; /IWe need the throttle signal as a base signal.
if (start == 2){ /IThe motors are started.
if (throttle > 1800) throttle = 1800; /IWe need some room to keep full control at full
throttle.

esc_1 = throttle - pid_output_pitch +pid_output_roll - pid_output_yaw; //Calculate the pulse for esc 1
(front-right - CCW)

esc_2 = throttle + pid_output_pitch +pid_output_roll+ pid_output_yaw; //Calculate the pulse for esc 2
(rear-right - CW)

esc_3 = throttle + pid_output_pitch - pid_output_roll- pid_output_yaw; //Calculate the pulse for esc 3
(rear-left - CCW)

esc_4 = throttle - pid_output_pitch -pid_output_roll+ pid_output_yaw; //Calculate the pulse for esc 4
(front-left - CW)

if (battery_voltage <1240 && battery voltage > 800){ /l1s the battery connected?



54

esc_l+=-esc_1*((1240 - battery voltage)/(float)3500); /ICompensate the esc-1 pulse for voltage
drop.
esc_2+=esc_2* ((1240 - battery_voltage)/(float)3500); /ICompensate the esc-2 pulse for voltage
drop.
esc_3+=esc_3* ((1240 - battery voltage)/(float)3500); /ICompensate the esc-3 pulse for voltage
drop.
esc_4+=esc_4* ((1240 - battery_voltage)/(float)3500); /ICompensate the esc-4 pulse for voltage
drop.
}
if (esc_1<1200) esc_1= 1200; /IKeep the motors running.
if (esc_2< 1200) esc_2 = 1200; /[Keep the motors running.
if (esc_3<1200) esc_3 = 1200; /IKeep the motors running.
if (esc_4 < 1200) esc_4 = 1200; /[Keep the motors running.
if(esc_1 >2000)esc_1 = 2000; /[Limit the esc-1 pulse to 2000us.
if(esc_2 >2000)esc_2 = 2000; /[Limit the esc-2 pulse to 2000us.
if(esc_3 > 2000)esc_3 = 2000; //Limit_the esc-3 pulse to 2000us.
if(esc_4 >2000)esc_4 = 2000; //Limit the esc-4 pulse to 2000us.
}
else{
esc_1=1000; /11f startis not 2 keep a 1000us pulse for ess-1.
esc_2=1000; /11f startis not 2 keep a 1000us pulse for ess-2.
esc_3=1000; /1f startis not 2 keep a 1000us pulse for ess-3.
esc_4=1000; /11f startis not 2 keep a 1000us pulse for ess-4.
}

T L T

HHTTHTHT L T T

//Because of the angle calculation the loop time is getting very important. If the loop time is
/Nongeror shorterthan 4000us the angle calculation is off. If you modify the code make sure
/lthat the loop time is still 4000us and no longer! More information can be found on

/lthe Q&A page:

if(micros() - loop_timer > 4050)digitalWrite(12, HIGH); [ITurn on the LED if the loop time
exceeds 4050us.

/IAll the information for controlling the motor's is available.
/IThe refresh rate is 250Hz. That means the esc's need there pulse every 4ms.

while(micros() - loop_timer < 4000); /IWe wait until 4000us are passed.

loop_timer = micros(); /ISet the timer for the next loop.

PORTD |= B11110000; /ISet digital outputs 4,5,6 and 7 high.

timer_channel_1 =esc_1+ loop_timer; /ICalculate the time of the faling edge of the
esc-1 pulse.

timer_channel_2 =esc_2+ loop_timer; /ICalculate thetime of the faling edge of the
esc-2 pulse.

timer_channel_3 = esc_3+ loop_timer; [/ICalculate thetime of the faling edge of the
esc-3 pulse.

timer_channel_4 =esc_4+ loop_timer; /ICalculate thetime of the faling edge of the
esc-4 pulse.

/IThere is always 1000us of spare time. So let's do something usefull that is very time consuming.
/IGet the current gyro and receiver data and scale it to degrees per second for the pid calculations.
gyro_signalen();
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while(PORTD >= 16){ /IStay in this loop until output4,5,6 and 7 are low.
esc_loop_timer = micros(); /IRead the current time.
if(timer_channel_1 <=esc_loop_timer)PORTD &= B11101111; /ISet digital output4to low if
the time is expired.
if(timer_channel_2 <=esc_loop_timer)PORTD &= B11011111; /ISet digital output5to low if
the time is expired.
if(timer_channel_3 <=esc_loop_timer)PORTD &= B10111111; /ISet digital output 6 to low if
the time is expired.
if(timer_channel_4 <=esc_loop_timer)PORTD &= B01111111; /ISet digital output 7 to low if
the time is expired.
}
}

i

s
ISR(PCINTO_vect){
current_time = micros();

OGP ==, e ———————————————————
if(PINB & B00000001){ /l1s input 8 high?
if(last_channel_1 == 0){ /lInput 8 changed from 0 to 1.
last_channel _1=1; /IRemember current input state.
timer_1 = current_time; /ISet timer_1 to current_time.
}
}
else if(last_channel 1 == 1){ /lInput 8 is not high and changed from 1 to 0.
last_channel_1=0; /IRemember current input state.
receiver_input[1] = current_time - timer_1; /IChannel 1 is current_time - timer_1.
[IEhINER ESSS==sss====ea e~ s = s e - == <
if(PINB & B00000010 ){ [Ns input 9 high?
if(last_channel_2 == 0){ /lInput 9 changed from O to 1.
last_channel 2=1; /IRemember current input state.
timer_2 = current_time; /ISet timer_2 to current_time.
}
}
else if(last_channel_2 == 1){ /lnput 9 is not high and changed from 1 to 0.
last_channel 2= 0; /IRemember current input state.
receiver_input[2] = current_time - timer_2; /IChannel 2 is current_time - timer_2.
}
HIChanne B === 57 === —=S=r 7= =
if(PINB & B00000100 ){ /Ns input 10 high?
if(last_channel_3 == 0){ /lInput 10 changed from 0 to 1.
last_channel 3=1; /IRemember current input state.
timer_3 = current_time; /ISet timer_3 to current_time.
}
else if(last_channel_3 == 1){ /lInput 10 is not high and changed from 1 to 0.
last_channel _3=0; /IRemember current input state.
receiver_input[3] = current_time - timer_3; /IChannel 3 is current_time - timer_3.
IChannehdeS====c=—==—F =S =—=——=S=t—=c==r" ===
if(PINB & B00001000 ){ /Ns input 11 high?
if(last_channel_4 == 0){ /lInput 11 changed from 0 to 1.
last_channel 4=1, /IRemember current input state.
timer_4 = current_time; /ISet timer_4 to current_time.
}

}
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else if(last_channel_4 == 1){ /lInput 11 is not high and changed from 1 to 0.
last_channel_4=0; /IRemember current input state.
receiver_input[4] = current_time - timer_4; /IChannel 4 is current_time - timer_4.
}
}

i
//Subroutine for reading the gyro
e
void gyro_signalen(){

//Read the MPU-6050

if(eeprom_data[31] == 1){

Wire.beginTransmission(gyro_address); //Start communication with the gyro.

Wire.write(0x3B); //Start reading @ register 43h and auto increment
with every read.

Wire.endTransmission(); /[End the transmission.

Wire.requestFrom(gyro_address,14); /IRequest 14 bytes from the gyro.

receiver_input_channel_1 = convert_receiver_channel(l); /IConvert the actual receiver signals
for pitch to the standard 1000 - 2000us.

receiver_input_channel_2 = convert_receiver_channel(2); /IConvert the actual receiver signals
for roll to the standard 1000 - 2000us.

receiver_input_channel_3 = convert_receiver_channel(3); /IConvert the actual receiver signals
for throttle to the standard 1000 - 2000us.

receiver_input_channel_4 = convert_receiver_channel(4); /IConvert the actual receiver signals

for yaw to the standard 1000 - 2000us.

while(Wire.available() < 14); /IWaituntil the 14 bytes are received.
acc_axis[1] = Wire.read()<<8Wire.read(); /IAdd the low and high byte to theacc_x
variable.
acc_axis[2] = Wire.read()<<8Wire.read(); /[Add the low and high byte to theacc_y
variable.
acc_axis[3] = Wire.read()<<8Wire.read(); /IAdd the low and high byte to theacc_z
variable.
temperature = Wire.read()<<8Wire.read(); /IAdd the low and high byte to the
temperature variable.
gyro_axis[1] = Wire.read()<<8|Wire.read(); //Read high and low part of the angular data.
gyro_axis[2] = Wire.read()<<8Wire.read(); //IRead high and low part of the angular data.
gyro_axis[3] = Wire.read()<<8Wire.read(); /IRead high and low part of the angular data.
}
if(cal_int == 2000){
gyro_axis[1] -= gyro_axis_cal[1]; //Only compensate after the calibration.
gyro_axis[2] -= gyro_axis_cal[2]; //Only compensate after the calibration.
gyro_axis[3] -= gyro_axis_cal[3]; /IOnly compensate after the calibration.
}
gyro_roll = gyro_axis[eeprom_data[28] & 0b00000011]; /ISet gyro_roll to the correct axis that
was stored in the EEPROM.
if(eeprom_data[28] & 0b10000000)gyro_roll *=-1; /lInvert gyro_roll if the MSB of
EEPROM bhit 28 is set.
gyro_pitch = gyro_axis[eeprom_data[29] & 0b00000011]; /ISet gyro_pitch to the correct axis
that was stored in the EEPROM.
if(eeprom_data[29] & 0b10000000)gyro_pitch *=-1; /lInvert gyro_pitch if the MSB of
EEPROM bit 29 is set.
gyro_yaw= gyro_axis[eeprom_data[30] & 0b00000011]; /ISet gyro_yawto the correct axis
that was stored in the EEPROM.
if(eeprom_data[30] & Ob10000000)gyro_yaw *= -1, /lInvertgyro_yaw if the MSB of

EEPROM bit 30 is set.



acc_x=acc_axis[eeprom_data[29] & Ob00000011];
stored in the EEPROM.

if(eeprom_data[29] & 0b10000000)acc_x *= -1;
bit 29 is set.

acc_y = acc_axis[eeprom_data[28] & Ob00000011];
stored in the EEPROM.

if(eeprom_data[28] & 0b10000000)acc_y *= -1;
bit 28 is set.

acc_z=acc_axis[eeprom_data[30] & 0b00000011];
stored in the EEPROM.

if(eeprom_data[30] & 0b10000000)acc_z *= -1,
bit 30 is set.
}
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/ISet acc_x tothe correct axis thatwas
/lInvert acc_x if the MSB of EEPROM

//Set acc_y to the correct axis that was
/lInvert acc_y if the MSB of EEPROM

//Setacc_z to the correct axis thatwas

/lInvertacc_z if the MSB of EEPROM

i

//Subroutine for calculating pid outputs

e,

e

void calculate_pid(){
/IRoll calculations

pid_error_temp = gyro_roll_input - pid_roll_setpoint;
pid_i_mem roll += pid_i_gain_roll * pid_error_temp;

if(pid_i_mem_roll > pid_max roll)pid_i_mem _roll = pid_max roll;
else if(pid_i_mem roll <pid_max roll * -1)pid_i_mem roll =pid_max roll * -1;

pid_output_roll= pid_p_gain_roll * pid_error_temp + pid_i_mem roll + pid_d_gain_roll * (pid_error_temp

- pid_last_roll_d_error);

if(pid_output_roll > pid_max_roll)pid_output_roll = pid_max roll;

else if(pid_output_roll < pid_max_roll * -1)pid_output_roll = pid_max roll * -1;

pid_last_roll_d_error = pid_error_temp;

//Pitch calculations

pid_error_temp = gyro_pitch_input - pid_pitch_setpoint;
pid_i_mem pitch += pid_i_gain_pitch * pid_error_temp;

if(pid_i_mem_pitch > pid_max_pitch)pid_i_mem pitch = pid_max pitch;
else if(pid_i_mem pitch < pid_max_pitch * -1)pid_i_mem_pitch = pid_max pitch * -1,

pid_output_pitch=pid_p_gain_pitch * pid_error_temp + pid_i_mem_pitch + pid_d_gain_pitch *

(pid_error_temp - pid_last_pitch_d_error);

if(pid_output_pitch > pid_max_pitch)pid_output_pitch = pid_max_pitch;
else if(pid_output_pitch < pid_max_pitch * -1)pid_output_pitch = pid_max pitch * -1;

pid_last_pitch_d_error=pid_error_temp;

/IYaw calculations

pid_error_temp = gyro_yaw_input - pid_yaw_setpoint;
pid_i_mem_yaw +=pid_i_gain_yaw * pid_error_temp;

if(pid_i_mem_yaw > pid_max_yaw)pid_i_mem_yaw = pid_max_yaw;
else if(pid_i_mem_yaw < pid_max_yaw * -1)pid_i_mem yaw = pid_max yaw * -1;

pid_output_yaw=pid_p_gain_yaw™> pid_error_temp + pid_i_mem_yaw + pid_d_gain_yaw*

(pid_error_temp - pid_last_yaw_d_error);

if(pid_output_yaw> pid_max_yaw)pid_output_yaw = pid_max_yaw;
else if(pid_output_yaw< pid_max yaw * -1)pid_output_yaw = pid_max yaw * -1,

pid_last_yaw_d_error= pid_error_temp;

}
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/IThis part converts the actual receiver signals to a standardized 1000 — 1500 — 2000 microsecond value.
/[The stored data in the EEPROM is used.
int convert_receiver_channel(byte function){

byte channel, reverse; /IFirst we declare some local variables

int low, center, high, actual,

int difference;

channel = eeprom_data[function + 23] & 0b00000111; /IWhat channel corresponds with the
specific function

if(eeprom_data[function + 23] & 0b10000000)reverse = 1; /IReverse channel when most
significant bit is set

else reverse = 0; /Nf the most significant is not set there is no reverse

actual = receiver_input[channel]; /IRead the actual receiver value for the

corresponding function

low = (eeprom_data[channel * 2 + 15] << 8) | eeprom_data[channel * 2 + 14]; //Store the low value for the
specific receiver input channel

center = (eeprom_data[channel * 2 - 1] << 8) | eeprom_data[channel * 2 - 2]; //Store the center value for the
specific receiver input channel

high = (eeprom_data[channel * 2 + 7] << 8) | eeprom_data[channel * 2 + 6]; //Store the high value for the
specific receiver input channel

if(actual < center){ /IThe actual receiver value is lower thanthe center
value
if(actual < low)actual = low; //Limit the lowest value to the value thatwas

detected during setup
difference = ((long)(center - actual) * (long)500) / (center - low); /ICalculate and scale the actual value
to a 1000 - 2000us value

if(reverse == L)return 1500 + difference; /11f the channel is reversed
else return 1500 - difference; /11f the channel is not reversed
}
else if(actual > center){ /IThe actual receiver value is higher
than the center value
if(actual > high)actual = high; //Limit the lowest value to the value that was

detected during setup
difference = ((long)(actual - center) * (long)500) / (high - center); ~ //Calculate and scale the actual value
to a 1000 - 2000us value

if(reverse == 1)return 1500 - difference; /Nf the channelis reversed
else return 1500 + difference; //1f the channelis notreversed
}
else return 1500;
}

void set_gyro_registers(){
/ISetup the MPU-6050
if(eeprom_data[31] == 1){

Wire.beginTransmission(gyro_address); /IStart communication with the address
found during search.

Wire.write(0x6B); /IWe want to write tothe PWR_MGMT _1 register
(6B hex)

Wire.write(0x00); /ISet the register bits as 00000000 to activate the
gyro

Wire.endTransmission(); /IEnd the transmission with the gyro.

Wire.beginTransmission(gyro_address); /IStart communication with the address
found during search.

Wire.write(0x1LB); //Wewant to write tothe GYRO_CONFIG register
(1B hex)

Wire.write(0x08); /ISet the register bits as 00001000 (500dps full

scale)
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Wire.endTransmission(); /IEnd the transmission with the gyro

Wire.beginTransmission(gyro_address); /IStart communication with the address
found during search.

Wire.write(0xLC); /IWe want to write tothe ACCEL_CONFIG register
(1A hex)

Wire.write(0xL0); /ISet the register bits as 00010000 (+/- 8g full scale
range)

Wire.endTransmission(); /IEnd the transmission with the gyro

//Let's perform a random register check to see if the values are written correct

Wire.beginTransmission(gyro_address); //Start communication with the address
found during search
Wire.write(0x1LB); /[Start reading @ register OxLB
Wire.endTransmission(); /IEnd the transmission
Wire.requestFrom(gyro_address, 1); /IRequest 1 bytes from the gyro
while(Wire.available() < 1); //Wait until the 6 bytes are received
if(Wire.read() !'= 0x08){ [/ICheck if the value is 0x08
digitalWrite(12,HIGH); /ITurn on the warning led
while(1)delay(10); /IStay in this loop for ever
Wire.beginTransmission(gyro_address); /IStart communication with the address
found during search
Wire.write(OXLA); [IWe want to write to the CONFIG register (1A
hex)
Wire.write(0x03); /ISet the register bits as 00000011 (Set Digital Low
Pass Filter to ~43Hz)
Wire.end Transmission(); /IEnd the transmission with the gyro
}

}
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LAMPIRAN IV

DATASHEET



