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//------------------------------------------------------------------------------
//        Title:MASTER DEGREE THESIS by ANTONIO SCAZZI
//              
// Description:header file with all autopilots functions
//------------------------------------------------------------------------------
#pragma once
#include "globalvar.h"

double Headingtakeoff(double comand_heading, double actual_heading);

double Pitchhold(double comand_pitch, double actual_pitch, double atual_pitch_vel);

double Bankhold(double max_bank, double actual_bank, double roll_rate);

double Headinghold(double comand_heading, double actual_heading, double max_bank, double actual_bank, double 
roll_rate);

double Altitudehold(double comand_altitude, double actual_altitude, double max_pitch, double actual_pitch, double 
actual_pitch_vel);

double Autothrottle(double comand_velocity, double C2_velocity, double acceleration);

double VerticalSeparation(std::vector<double> NED, double verticalseparation, double max_pitch, double 
actual_pitch, double pitch_rate);

double LateralSeparationApproach(std::vector<double> NED, double max_bank, double actual_bank, double 
actual_heading, double roll_rate);

double LateralSeparation(std::vector<double> NED, double comand_separation, double max_bank, double actual_bank, 
double roll_rate);

double ForwardSeparation(std::vector<double> NED, double comand_separation, double actual_velocity, double 
acceleration);
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//autopilota dell'angolo di heading con controllo del solo timone
double Headingtakeoff(double comand_heading, double actual_heading)
{

static double err = 0;
static double err_integral = 0;
static double err_derivative = 0;
static double err_previous = 0;
if (actual_heading >= comand_heading)
{

if (actual_heading - comand_heading >= 180)
{

err = -(actual_heading - comand_heading);
}
else
{

err = (actual_heading - comand_heading);
}

}
else
{

if (comand_heading - actual_heading >= 180)
{

err = -(actual_heading - comand_heading);
}
else
{

err = (actual_heading - comand_heading);
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}
}
err_integral += err;
err_derivative = err - err_previous;
err_previous = err;
double max_err_integral = 10000/50.0;
if (err_integral > max_err_integral && err_integral > 0)
{

err_integral = max_err_integral;
}
else if (err_integral < -max_err_integral && err_integral < 0)
{

err_integral = -max_err_integral;
}
double rudder = 1500 * err + 50* err_integral + 0 * err_derivative;
if (rudder > 16383)
{

rudder = 16382;
}
else if (rudder < -16383)
{

rudder = -16382;
}

return (rudder);
}

double Pitchhold(double comand_pitch, double actual_pitch, double pitch_rate)
{

static double time = 0;
static double previoustime = 0;
static double elevator = 0;
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static double previouselevator = 0;

time = UserPlane.simtime;

static double err = 0;
static double err_previous = 0;
static double err2 = 0;
static double err_previous2 = 0;

//pitch negativo a cabrare
err = comand_pitch - actual_pitch;    

//lead controller
double comand_pitch_rate = 9000 * (err + (0.3 * (err - err_previous) / (time - previoustime)));

err2 = comand_pitch_rate - 4500*pitch_rate;

//lag
double alpha = (time - previoustime) / ((time - previoustime) + 0.8);
elevator = alpha * err2 + ((1 - alpha) * previouselevator);

if (elevator > 16383)
{

elevator = 16383;
}
else if (elevator < -16383)
{

elevator = -16383;
}

err_previous = err;
err_previous2 = err2;
previoustime = time;
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if (!std::isnan(elevator))
{

previouselevator = elevator;
}

return (elevator);
}

double Bankhold(double comanded_bank, double actual_bank, double roll_rate)
{

static double time = 0;
static double previoustime = 0;
static double aileron = 0;
static double previousaileron = 0;

time = UserPlane.simtime;

static double err = 0;
static double err_previous = 0;
static double err2 = 0;
static double err_previous2 = 0;

err = comanded_bank - actual_bank;

//lead controller
double comand_roll_rate = 400 * (err + (0.64* (err - err_previous) / (time - previoustime)));

err2 = comand_roll_rate - 200 * roll_rate;

//lag
double alpha = (time - previoustime) / ((time - previoustime) + 0.7);
aileron = alpha * err2 + ((1 - alpha) * previousaileron);
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if (aileron > 16383)
{

aileron = 16383;
}
else if (aileron < -16383)
{

aileron = -16383;
}

err_previous = err;
err_previous2 = err2;
previoustime = time;
if (!std::isnan(aileron))
{

previousaileron = aileron;
}

return (aileron);
}

//autopilota di controllo della quota
double Altitudehold(double comand_altitude, double actual_altitude, double max_pitch, double actual_pitch, double 
pitch_rate)

{
static double time = 0;
static double previoustime = 0;
time = UserPlane.simtime;

static double altitude_err = 0;
static double altitude_err_integral = 0;
static double altitude_err_derivative = 0;
static double altitude_err_previous = 0;
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static double comand_pitch = 0;
static double saturated_pitch = 0;
static double windup = 0;

altitude_err = actual_altitude - comand_altitude;

//protezione dall'inizializzazione
if ((time - previoustime) > 1)
{

altitude_err_derivative = 0;
altitude_err_integral = 0;

}
else
{ 

if (!std::isnan(comand_pitch - saturated_pitch))
{

windup = (comand_pitch - saturated_pitch);

}
else
{

windup = 0.0;

}
altitude_err_derivative = (altitude_err - altitude_err_previous) / (time - previoustime);
altitude_err_integral += ((altitude_err + altitude_err_previous) * (time - previoustime) / 2)-1*windup;

}

altitude_err_previous = altitude_err;
comand_pitch = 0.08 * altitude_err + 0.01 * altitude_err_integral + 0.09 * altitude_err_derivative;
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if (comand_pitch > max_pitch && comand_pitch > 0)
{

saturated_pitch = max_pitch;
}
else if (comand_pitch < -max_pitch && comand_pitch < 0)
{

saturated_pitch = -max_pitch;
}
else
{

saturated_pitch = comand_pitch;
}

static double elevator = 0;
static double previouselevator = 0;

static double err = 0;
static double err_previous = 0;
static double err2 = 0;
static double err_previous2 = 0;

//pitch negativo a cabrare
err = saturated_pitch - actual_pitch;

//lead controller
double comand_pitch_rate = 9000 * (err + (0.3 * (err - err_previous) / (time - previoustime)));

err2 = comand_pitch_rate - 4500 * pitch_rate;

//lag
double alpha = (time - previoustime) / ((time - previoustime) + 0.8);
elevator = alpha * err2 + ((1 - alpha) * previouselevator);
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if (elevator > 16383)
{

elevator = 16383;
}
else if (elevator < -16383)
{

elevator = -16383;
}

err_previous = err;
err_previous2 = err2;
previoustime = time;
if (!std::isnan(elevator))
{

previouselevator = elevator;
}

return (elevator);
}

// autopilota dell'angolo di heading con controllo del solo alettone
double Headinghold(double comand_heading, double actual_heading, double max_bank, double actual_bank, double 
roll_rate)

{
static double time = 0;
static double previoustime = 0;
time = UserPlane.simtime;

static double heading_err = 0;
static double heading_err_derivative = 0;
static double heading_err_previous = 0;
static double heading_err_integral = 0;
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static double comanded_bank = 0;
static double saturated_bank = 0;
static double windup = 0;

if (actual_heading >= comand_heading)
{

if (actual_heading - comand_heading >= 180)
{

heading_err = (comand_heading-actual_heading);
}
else
{

heading_err = -(comand_heading - actual_heading);
}

}
else
{

if (comand_heading - actual_heading >= 180)
{

heading_err = (comand_heading-actual_heading);
}
else
{

heading_err = -(comand_heading- actual_heading);
}

}

if ((time - previoustime) > 1)
{

heading_err_derivative = 0;
heading_err_integral = 0;
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}
else
{

if (!std::isnan(comanded_bank - saturated_bank))
{

windup = (comanded_bank - saturated_bank);
}
else
{

windup = 0.0;

}
heading_err_derivative = (heading_err - heading_err_previous) / (time - previoustime);
heading_err_integral += ((heading_err + heading_err_previous) * (time - previoustime) / 2) - 0.001 * 
windup;

}
heading_err_previous = heading_err;
comanded_bank = 10*heading_err + 0.00 * heading_err_integral + 0 * heading_err_derivative;

if (comanded_bank > max_bank && comanded_bank > 0)
{

saturated_bank = max_bank;
}
else if (comanded_bank < -max_bank && comanded_bank < 0)
{

saturated_bank = -max_bank;
}
else
{

saturated_bank = comanded_bank;
}
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static double aileron = 0;
static double previousaileron = 0;

static double err = 0;
static double err_previous = 0;
static double err2 = 0;
static double err_previous2 = 0;

err = saturated_bank - actual_bank;

//lead controller
double comand_roll_rate = 400 * (err + (0.6 * (err - err_previous) / (time - previoustime)));

err2 = comand_roll_rate - 200 * roll_rate;

//lag
double alpha = (time - previoustime) / ((time - previoustime) + 0.7);
aileron = alpha * err2 + ((1 - alpha) * previousaileron);

if (aileron > 16383)
{

aileron = 16383;
}
else if (aileron < -16383)
{

aileron = -16383;
}

err_previous = err;
err_previous2 = err2;
previoustime = time;
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if (!std::isnan(aileron))
{

previousaileron = aileron;
}

return (aileron);
}

double Autothrottle(double comand_velocity, double actual_velocity,double acceleration)
{

static double time = 0;
static double previoustime = 0;
static double throttle = 0;
static double previousthrottle = 0;

time = UserPlane.simtime;

static double err = 0;
static double err_previous = 0;
static double err2 = 0;
static double err_previous2 = 0;

err = comand_velocity - actual_velocity;

//lead controller
double comand_throttle = 3000 * (err + (0.27 * (err - err_previous) / (time - previoustime)));

err2 = comand_throttle - 1500 * acceleration;
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//lag
double alpha = (time - previoustime) / ((time - previoustime) + 0);
throttle = alpha * err2 + ((1 - alpha) * previousthrottle);

if (throttle > 16383*0.9)
{

throttle = 16383*0.9;
}
else if (throttle < 16383*0.3)
{

throttle = 16383*0.3;
}
err_previous = err;
err_previous2 = err2;
previoustime = time;
if (!std::isnan(throttle))
{

previousthrottle = throttle;
}

return (throttle);
}

//autopilota di controllo della quota separazone verticale positiva = drone + in basso
double VerticalSeparation(std::vector<double> NED, double verticalseparation, double max_pitch, double 
actual_pitch, double pitch_rate)

{
static double time = 0;
static double previoustime = 0;
time = UserPlane.simtime;

static double altitude_err = 0;
static double altitude_err_integral = 0;
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static double altitude_err_derivative = 0;
static double altitude_err_previous = 0;
static double comand_pitch = 0;
static double saturated_pitch = 0;
static double windup = 0;

altitude_err = -(NED[2] - verticalseparation)* 3.28084;

//protezione dall'inizializzazione
if ((time - previoustime) > 1)
{

altitude_err_derivative = 0;
altitude_err_integral = 0;

}
else
{

if (!std::isnan(comand_pitch - saturated_pitch))
{

windup = (comand_pitch - saturated_pitch);
}
else
{

windup = 0;

}
altitude_err_derivative = (altitude_err - altitude_err_previous) / (time - previoustime);
altitude_err_integral += ((altitude_err + altitude_err_previous) * (time - previoustime) / 2) - 1 * windup;

}

altitude_err_previous = altitude_err;
comand_pitch = 0.08 * altitude_err + 0.01 * altitude_err_integral + 0.09 * altitude_err_derivative;
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if (comand_pitch > max_pitch && comand_pitch > 0)
{

saturated_pitch =max_pitch;
}
else if (comand_pitch < -max_pitch && comand_pitch < 0)
{

saturated_pitch = -max_pitch;
}
else
{

saturated_pitch = comand_pitch;
}

static double elevator = 0;
static double previouselevator = 0;

static double err = 0;
static double err_previous = 0;
static double err2 = 0;
static double err_previous2 = 0;

//pitch negativo a cabrare
err = saturated_pitch - actual_pitch;

//lead controller
double comand_pitch_rate = 9000 * (err + (0.2 * (err - err_previous) / (time - previoustime)));

err2 = comand_pitch_rate - 4500 * pitch_rate;

//lag
double alpha = (time - previoustime) / ((time - previoustime) + 0.8);
elevator = alpha * err2 + ((1 - alpha) * previouselevator);
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if (elevator > 16383)
{

elevator = 16383;
}
else if (elevator < -16383)
{

elevator = -16383;
}

err_previous = err;
err_previous2 = err2;
previoustime = time;
if (!std::isnan(elevator))
{

previouselevator = elevator;
}

return (elevator);
}

double LateralSeparationApproach(std::vector<double> NED, double max_bank, double actual_bank, double 
actual_heading, double roll_rate)

{
double comand_heading;
double comanded_bank;
double distance;
distance = sqrt(NED[1] * NED[1] + NED[0] * NED[0] + NED[2] * NED[2]);
double forwardist = 0;
forwardist = abs(NED[0]);

static double heading_err = 0;
static double heading_err_derivative = 0;



E:\TESI\00 - Prepar3dSDK\PERSONAL\C2 PLANE\headers\autopilots.h 18
551
552
553
554
555
556
557
558
559
560
561
562
563
564
565
566
567
568
569
570
571
572
573
574
575
576
577
578
579
580
581
582
583

static double heading_err_previous = 0;
static double heading_err_integral = 0;

comand_heading = -atan((NED[1]) / forwardist) * (180.0 / PI);

if (comand_heading < 0)
{

comand_heading = comand_heading + 360;
}

if (actual_heading >= comand_heading)
{

if (actual_heading - comand_heading >= 180)
{

heading_err = -(actual_heading - comand_heading);
}
else
{

heading_err = (actual_heading - comand_heading);
}

}
else
{

if (comand_heading - actual_heading >= 180)
{

heading_err = -(actual_heading - comand_heading);
}
else
{

heading_err = (actual_heading - comand_heading);
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}
}

static double time = 0;
static double previoustime = 0;
time = UserPlane.simtime;

heading_err_derivative = (heading_err - heading_err_previous) / (time - previoustime);
heading_err_integral += (heading_err + heading_err_previous) * (time - previoustime) / 2;
heading_err_previous = heading_err;

comanded_bank = 2 * heading_err + 0 * heading_err_integral + 0 * heading_err_derivative;

if (comanded_bank > max_bank && comanded_bank > 0)
{

comanded_bank = max_bank;
}
else if (comanded_bank < -max_bank && comanded_bank < 0)
{

comanded_bank = -max_bank;
}
static double aileron = 0;
static double previousaileron = 0;

static double err = 0;
static double err_previous = 0;
static double err2 = 0;
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static double err_previous2 = 0;

//pitch negativo a cabrare
err = comanded_bank - actual_bank;

//lead controller
double comand_roll_rate = 250 * (err + (0.1 * (err - err_previous) / (time - previoustime)));

err2 = comand_roll_rate - 125 * roll_rate;

//lag
double alpha = (time - previoustime) / ((time - previoustime) + 1);

aileron = alpha * err2 + ((1 - alpha) * previousaileron);

if (aileron > 16383)
{

aileron = 16383;
}
else if (aileron < -16383)
{

aileron = -16383;
}

err_previous = err;
err_previous2 = err2;
previoustime = time;
if (!std::isnan(aileron))
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{
previousaileron = aileron;

}

return (aileron);
}

double LateralSeparation(std::vector<double> NED, double comand_separation, double max_bank, double actual_bank, 
double roll_rate)

{
static double previousned = 0;
static double comanded_bank=0;
static double saturated_bank = 0;
static double lateral_err = 0;
static double lateral_err_derivative = 0;
static double lateral_err_previous = 0;
static double lateral_err_integral = 0;
static double windup = 0;
static double aileron = 0;
static double previousaileron = 0;

static double time = 0;
static double previoustime = 0;
time = UserPlane.simtime;

lateral_err = -(comand_separation - NED[1]);
if ((time - previoustime) > 1)
{

lateral_err_derivative = 0;
lateral_err_integral = 0;

}
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else
{

if (!std::isnan(comanded_bank - saturated_bank))
{

windup = (comanded_bank - saturated_bank);
}
else
{

windup = 0;

}
lateral_err_derivative = (lateral_err - lateral_err_previous) / (time - previoustime);
lateral_err_integral += ((lateral_err + lateral_err_previous) * (time - previoustime) / 2) - 0.001 * 
windup;

}

lateral_err_previous = lateral_err;
comanded_bank = 1 * lateral_err + 0.001 * lateral_err_integral + 3.6 * lateral_err_derivative;

if (comanded_bank > max_bank && comanded_bank > 0)
{

saturated_bank = max_bank;
}
else if (comanded_bank < -max_bank && comanded_bank < 0)
{

saturated_bank = -max_bank;
}
else
{

saturated_bank = comanded_bank;
}
static double err = 0;



E:\TESI\00 - Prepar3dSDK\PERSONAL\C2 PLANE\headers\autopilots.h 23
714
715
716
717
718
719
720
721
722
723
724
725
726
727
728
729
730
731
732
733
734
735
736
737
738
739
740
741
742
743
744
745
746

static double err_previous = 0;
static double err2 = 0;
static double err_previous2 = 0;

err = saturated_bank - actual_bank;

//lead controller
double comand_roll_rate = 400 * (err + (0.6 * (err - err_previous) / (time - previoustime)));

err2 = comand_roll_rate - 200 * roll_rate;

//lag
double alpha = (time - previoustime) / ((time - previoustime) + 0.7);
aileron = alpha * err2 + ((1 - alpha) * previousaileron);

if (aileron > 16383)
{

aileron = 16383;
}
else if (aileron < -16383)
{

aileron = -16383;
}

err_previous = err;
err_previous2 = err2;
previoustime = time;
if (!std::isnan(aileron))
{

previousaileron = aileron;
}
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return (aileron);
}

double ForwardSeparation(std::vector<double> NED, double comand_separation, double actual_velocity, double 
acceleration)

{

static double time = 0;
static double previoustime = 0;
time = UserPlane.simtime;

static double forward_err = 0;
static double forward_err_integral = 0;
static double forward_err_derivative = 0;
static double forward_err_previous = 0;
static double windup = 0;
static double throttle = 0;
static double comand_velocity = 0;
static double saturated_velocity = 0;
static double previousthrottle = 0;
forward_err = comand_separation - NED[0];

//protezione dall'inizializzazione
if ((time - previoustime) > 1)
{

forward_err_derivative = 0;
forward_err_integral = 0;

}
else
{

if (!std::isnan(comand_velocity - saturated_velocity))
{
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windup = (comand_velocity - saturated_velocity);
}
else
{

windup = 0;

}
forward_err_derivative = (forward_err - forward_err_previous) / (time - previoustime);
forward_err_integral += ((forward_err + forward_err_previous)  * (time - previoustime) / 2) - 0.5* windup;

}
forward_err_previous = forward_err;

comand_velocity = 1 * forward_err + 0.03 * forward_err_integral + 2 * forward_err_derivative;

if (comand_velocity > 1060)
{

saturated_velocity = 1060;
}
else if (comand_velocity < 600)
{

saturated_velocity = 600;
}
else
{

saturated_velocity = comand_velocity;

}
printf("time %.1f\t err%.5f\t int%.5f\t comand_velocity%.5f\n", UserPlane.simtime, forward_err, 
forward_err_integral, comand_velocity);
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static double err = 0;
static double err_previous = 0;
static double err2 = 0;
static double err_previous2 = 0;

err = saturated_velocity - actual_velocity;

//lead controller
double comand_throttle = 3000 * (err + (0.27 * (err - err_previous) / (time - previoustime)));

err2 = comand_throttle - 1500 * acceleration;

//lag
double alpha = (time - previoustime) / ((time - previoustime) + 0);
throttle = alpha * err2 + ((1 - alpha) * previousthrottle);

if (throttle > 16383 * 0.9)
{

throttle = 16383 * 0.9;
}
else if (throttle < 16383 * 0.3)
{

throttle = 16383 * 0.3;
}
printf("\nthrottle %f", throttle);
err_previous = err;
err_previous2 = err2;
previoustime = time;
if (!std::isnan(throttle))
{

previousthrottle = throttle;
}
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return (throttle);
}


