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

void IsOnGround();

void GearCheck();

std::vector<double> RelativePos(double C2_latitude, double C2_longitude, double C2_altitude, double DRONE_latitude,
double DRONE_longitude, double DRONE_altitude, double C2_pitch, double C2_roll, double C2_heading);

//TRANSFORM the info on latitude longitude and altitude to the NED reference frame centered in C2 and rotated by 
heding,pitch and roll

std::vector<double> EcefToBody(double C2_latitude, double C2_longitude, double C2_altitude, double DRONE_latitude, 
double DRONE_longitude, double DRONE_altitude, double C2_pitch, double C2_roll, double C2_heading);

//TRANSFORM the info on latitude longitude and altitude to the NED reference frame centered in C2
std::vector<double> EcefToNEDPhi(double C2_latitude, double C2_longitude, double C2_altitude, double
DRONE_latitude, double DRONE_longitude, double DRONE_altitude, double C2_heading);

void IsOnGround()
{

if (UserPlane.velocity < 50 && flag_initialgroundcheck == 0 && UserPlane.simtime>0.1)
{

//correct the heading on the take off runway
initial.Heading = initial_heading;
hr = SimConnect_SetDataOnSimObject(hSimConnect, DEFINITION_2, SIMCONNECT_OBJECT_ID_USER, 0, 0, sizeof
(initial), &initial);

flag_initialgroundcheck = 1;
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}
else if (UserPlane.velocity > 50 && flag_initialgroundcheck == 0 && UserPlane.simtime > 0.1)
{

flag_initialgroundcheck = 1;
flag_decollo = 4;

}
}

void GearCheck()
{

if (flag_landgear == 0 && UserPlane.velocity > 350)
{

//retrazione del carrello
SimConnect_TransmitClientEvent(hSimConnect, SIMCONNECT_OBJECT_ID_USER, EVENT_LANDING_GEAR, 0, 
SIMCONNECT_GROUP_PRIORITY_HIGHEST, SIMCONNECT_EVENT_FLAG_GROUPID_IS_PRIORITY);

flag_landgear = 1;
}

}

// Funzione per trasformare le differenze di coordinate ECEF nel sistema body
std::vector<double> EcefToBody(double C2_latitude, double C2_longitude, double C2_altitude, double DRONE_latitude, 
double DRONE_longitude, double DRONE_altitude, double C2_pitch, double C2_roll, double C2_heading)

{

// Converti gli angoli dell'origine in radianti
double phi0 = C2_latitude * PI / 180.0;
double lambda0 = C2_longitude * PI / 180.0;
double h0 = C2_altitude * .3048;
double phi = DRONE_latitude * PI / 180.0;
double lambda = DRONE_longitude * PI / 180.0;
double h = DRONE_altitude * .3048;
double pitch0 = C2_pitch * PI / 180.0;
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double roll0 = C2_roll * PI / 180.0;
double heading0 = C2_heading * PI / 180.0;

//calcolo l'eccentricità al quadrato
double e2 = 1 - (WGS84_B * WGS84_B) / (WGS84_A * WGS84_A);

//trasformo in sistema ECEF C2Plane
double N_C2_ECEF = WGS84_A / sqrt(1 - e2 * sin(phi0) * sin(phi0));
double X_C2_ECEF = (N_C2_ECEF + h0) * cos(phi0) * cos(lambda0);
double Y_C2_ECEF = (N_C2_ECEF + h0) * cos(phi0) * sin(lambda0);
double Z_C2_ECEF = (N_C2_ECEF * (pow(WGS84_B, 2) / pow(WGS84_A, 2)) + h0) * sin(phi0);
//trasformo in sistema ECEF DRONE
double N_DRONE_ECEF = WGS84_A / sqrt(1 - e2 * sin(phi) * sin(phi));
double X_DRONE_ECEF = (N_DRONE_ECEF + h) * cos(phi) * cos(lambda);
double Y_DRONE_ECEF = (N_DRONE_ECEF + h) * cos(phi) * sin(lambda);
double Z_DRONE_ECEF = (N_DRONE_ECEF * (pow(WGS84_B, 2) / pow(WGS84_A, 2)) + h) * sin(phi);
//calcolo le differenze in ecef
double DeltaX = X_DRONE_ECEF - X_C2_ECEF;
double DeltaY = Y_DRONE_ECEF - Y_C2_ECEF;
double DeltaZ = Z_DRONE_ECEF - Z_C2_ECEF;

// Matrice di rotazione ECEF a NED
double R[3][3] = {

{ -sin(phi0) * cos(lambda0), -sin(phi0) * sin(lambda0), cos(phi0) },
{ -sin(lambda0), cos(lambda0), 0 },
{ -cos(phi0) * cos(lambda0), -cos(phi0) * sin(lambda0), -sin(phi0) }

};

// Vettore delle differenze di coordinate ECEF
double dECEF[3] = { DeltaX, DeltaY, DeltaZ };
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// Vettore delle coordinate NED risultanti
std::vector<double> NED(3, 0.0);

// Calcola le coordinate NED
for (int i = 0; i < 3; ++i) {

for (int j = 0; j < 3; ++j) {
NED[i] += R[i][j] * dECEF[j];

}
}

//ruotare attorno ai vari assi
// Matrice di rotazione per heading
double R_heading[3][3] = {

{ cos(-heading0), -sin(-heading0), 0 },
{ sin(-heading0), cos(-heading0), 0 },
{ 0, 0, 1 }

};

// Matrice di rotazione per pitch
double R_pitch[3][3] = {

{ cos(pitch0), 0, sin(pitch0) },
{ 0, 1, 0 },
{ -sin(pitch0), 0, cos(pitch0) }

};

// Matrice di rotazione per roll
double R_roll[3][3] = {

{ 1, 0, 0 },
{ 0, cos(roll0), -sin(roll0) },
{ 0, sin(roll0), cos(roll0) }

};
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// Applicare le rotazioni al sistema NED

// Rotazione per heading
std::vector<double>bodyAxes(3, 0.0);
for (int i = 0; i < 3; ++i) {

for (int j = 0; j < 3; ++j) {
bodyAxes[i] += R_heading[i][j] * NED[j];

}
}

// Rotazione per pitch
std::vector<double> bodyAxes_roll(3, 0.0);
for (int i = 0; i < 3; ++i) {

for (int j = 0; j < 3; ++j) {
bodyAxes_roll[i] += R_pitch[i][j] * bodyAxes[j];

}
}

// Rotazione per roll
std::vector<double> bodyAxes_final(3, 0.0);
for (int i = 0; i < 3; ++i) {

for (int j = 0; j < 3; ++j) {
bodyAxes_final[i] += R_roll[i][j] * bodyAxes_roll[j];

}
}
return  bodyAxes_final;

}

// Funzione per trasformare le differenze di coordinate ECEF nel sistema body
std::vector<double> EcefToNEDPhi(double C2_latitude, double C2_longitude, double C2_altitude, double
DRONE_latitude, double DRONE_longitude, double DRONE_altitude, double C2_heading)
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{

// Converti gli angoli dell'origine in radianti
double phi0 = C2_latitude * PI / 180.0;
double lambda0 = C2_longitude * PI / 180.0;
double h0 = C2_altitude * .3048;
double phi = DRONE_latitude * PI / 180.0;
double lambda = DRONE_longitude * PI / 180.0;
double h = DRONE_altitude * .3048;
double heading0 = C2_heading * PI / 180.0;

//calcolo l'eccentricità al quadrato
double e2 = 1 - (WGS84_B * WGS84_B) / (WGS84_A * WGS84_A);

//trasformo in sistema ECEF C2Plane
double N_C2_ECEF = WGS84_A / sqrt(1 - e2 * sin(phi0) * sin(phi0));
double X_C2_ECEF = (N_C2_ECEF + h0) * cos(phi0) * cos(lambda0);
double Y_C2_ECEF = (N_C2_ECEF + h0) * cos(phi0) * sin(lambda0);
double Z_C2_ECEF = (N_C2_ECEF * (pow(WGS84_B, 2) / pow(WGS84_A, 2)) + h0) * sin(phi0);
//trasformo in sistema ECEF DRONE
double N_DRONE_ECEF = WGS84_A / sqrt(1 - e2 * sin(phi) * sin(phi));
double X_DRONE_ECEF = (N_DRONE_ECEF + h) * cos(phi) * cos(lambda);
double Y_DRONE_ECEF = (N_DRONE_ECEF + h) * cos(phi) * sin(lambda);
double Z_DRONE_ECEF = (N_DRONE_ECEF * (pow(WGS84_B, 2) / pow(WGS84_A, 2)) + h) * sin(phi);
//calcolo le differenze in ecef
double DeltaX = X_DRONE_ECEF - X_C2_ECEF;
double DeltaY = Y_DRONE_ECEF - Y_C2_ECEF;
double DeltaZ = Z_DRONE_ECEF - Z_C2_ECEF;

// Matrice di rotazione ECEF a NED
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double R[3][3] = {
{ -sin(phi0) * cos(lambda0), -sin(phi0) * sin(lambda0), cos(phi0) },
{ -sin(lambda0), cos(lambda0), 0 },
{ -cos(phi0) * cos(lambda0), -cos(phi0) * sin(lambda0), -sin(phi0) }

};

// Vettore delle differenze di coordinate ECEF
double dECEF[3] = { DeltaX, DeltaY, DeltaZ };

// Vettore delle coordinate NED risultanti
std::vector<double> NED(3, 0.0);

// Calcola le coordinate NED
for (int i = 0; i < 3; ++i) {

for (int j = 0; j < 3; ++j) {
NED[i] += R[i][j] * dECEF[j];

}
}

//ruotare attorno ai vari assi
// Matrice di rotazione per heading
double R_heading[3][3] = {

{ cos(-heading0), -sin(-heading0), 0 },
{ sin(-heading0), cos(-heading0), 0 },
{ 0, 0, 1 }

};

// Applicare le rotazioni al sistema NED

// Rotazione per heading
std::vector<double>bodyAxes(3, 0.0);
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for (int i = 0; i < 3; ++i) {
for (int j = 0; j < 3; ++j) {

bodyAxes[i] += R_heading[i][j] * NED[j];
}

}
return  bodyAxes;

}

// Funzione per trasformare l
std::vector<double> RelativePos(double C2_latitude, double C2_longitude, double C2_altitude, double DRONE_latitude,

double DRONE_longitude, double DRONE_altitude, double C2_pitch, double C2_roll, double C2_heading)
{

// Converti gli angoli dell'origine in radianti
double phi0 = C2_latitude * PI / 180.0;
double lambda0 = C2_longitude * PI / 180.0;
double pitch0 = C2_pitch * PI / 180.0;
double roll0 = C2_roll * PI / 180.0;
//double heading0 = C2_heading * PI / 180.0;
//asse z rivolto verso l'alto e x avanti, y sinistra
double heading0 = -phi0 * PI / 180.0;

std::vector<double> NED(3, 0.0);
NED[0] = DRONE_latitude - C2_latitude;
NED[1] = DRONE_longitude - C2_longitude;
NED[2] = DRONE_altitude - C2_altitude;

//ruotare attorno ai vari assi
// Matrice di rotazione per heading
double R_heading[3][3] = {

{ cos(heading0), -sin(heading0), 0 },
{ sin(heading0), cos(heading0), 0 },
{ 0, 0, 1 }

};
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// Matrice di rotazione per pitch
double R_pitch[3][3] = {

{ cos(pitch0), 0, sin(pitch0) },
{ 0, 1, 0 },
{ -sin(pitch0), 0, cos(pitch0) }

};

// Matrice di rotazione per roll
double R_roll[3][3] = {

{ 1, 0, 0 },
{ 0, cos(roll0), -sin(roll0) },
{ 0, sin(roll0), cos(roll0) }

};

// Applicare le rotazioni al sistema NED

// Rotazione per heading
std::vector<double>bodyAxes(3, 0.0);
for (int i = 0; i < 3; ++i) {

for (int j = 0; j < 3; ++j) {
bodyAxes[i] += R_heading[i][j] * NED[j];

}
}

// Rotazione per pitch
std::vector<double> bodyAxes_roll(3, 0.0);
for (int i = 0; i < 3; ++i) {

for (int j = 0; j < 3; ++j) {
bodyAxes_roll[i] += R_pitch[i][j] * bodyAxes[j];

}
}
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// Rotazione per roll
std::vector<double> bodyAxes_final(3, 0.0);
for (int i = 0; i < 3; ++i) {

for (int j = 0; j < 3; ++j) {
bodyAxes_final[i] += R_roll[i][j] * bodyAxes_roll[j];

}
}
return  bodyAxes;

}


