SECTION C.1.11�AIRCRAFT MISSION PLANNING �PHYSICS UTILITY (aut) FUNCTIONS

�

�

















































This page intentionally left blank.�

function:   � tc " aut_calculateGforce" \l 3 �aut_calculateGforce�IFA9038��CALLING SEQUENCE:

G_force = aut_calculateGforce(bank_angle, velocity, turn_radius)

PARAMETERS:

Name	I/O	Type	Description

bank_angle	I	double	Bank angle (degrees).

velocity	I	double	Vehicle velocity (meters/sec).

turn_radius	I	double	Turn radius (meters).

"return"	O	double	Function return value.

DESCRIPTION:

This function calculates the G-force of a given turn.   

EXAMPLE:

double bank_angle = 60.0;	/* 	Bank angle (degrees)	*/

double velocity = 350.0;	/* 	Vehicle velocity (meters/sec)	*/

double turn_radius = 6000.0;	/* 	Turn radius (meters)	*/

double G_force;	/* 	Resultant G force	*/



G_force = aut_calculateGforce(bank_angle, velocity, turn_radius);



printf("G force = %f\n", G_force);

�

function:   � tc " aut_computeAirSpeeds" \l 3 �aut_computeAirSpeeds�IFA9041��CALLING SEQUENCE:

status = aut_computeAirSpeeds(altitude, heading, wind_speed, wind_dir, air_speed, speed_type, &td, &tas, &cas, &mach, &grnd_spd, &drift, &temperature, &error_flag)

PARAMETERS:

Name	I/O	Type	Description

altitude	I	double	Altitude (feet).

heading	I	double	Heading (degs).

wind_speed	I	double	Wind speed (knots)

wind_dir	I	double	Wind direction (degs).

air_speed	I	double	Speed (knots or mach).

speed_type	I	APT_SPEEDTYPE	Type of input air speed (air_speed).

td	I	double	Temperature deviation (deg F).

tas	O	double*	True air speed (knots).

cas	O	double*	Calibrated air speed (knots).

mach	O	double*	Mach number (mach).

grnd_spd	O	double*	Ground speed (knots).

drift	O	double*	Drift angle (degs).

temperature	O	double*	Outside air temperature (deg F)

error_flag	O	int*	Function error value.

"return"	O	AUT_STATUS	Function return status.

DESCRIPTION:

This function computes:  True Air Speed (TAS) and Calibrated Air Speed (CAS) given Mach; or TAS and Mach given CAS; or CAS and Mach given TAS.  If the input speed is not ground speed, then the ground speed and drift angle are computed.  If the ground speed is input, TAS is computed and the function is re-invoked with TAS as the input to compute CAS and Mach.

EXAMPLE:

#include "a_msn_plan/apt_route.h"

#include "a_msn_plan/aut_global_defs.h"



ST_STATUS fmt_divertCalcs( APT_ACTION_POINT_T *pAction,

                           APT_DIVERT_T       *pDivert,

                           int                *mpm_errNum)

{



   double      *fpmOutput = NULL;	/* FPM output array (mode dependent) 	*/

   AUT_STATUS   autStatus;		/* Utility function status value 		*/

   APT_NAVPT_T *pNav = NULL;	/* Nav point data                     		*/

   double       tas;				/* True air speed                     		*/

   double       cas;				/* Calibrated air speed               		*/

   double       mach;			/* Mach speed                        		*/

   double       grndSpd;			/* Ground speed                       		*/

   double       temperature;		/* Air temperature                    		*/

   int		offset;			/* Offset within FPM output array     	*/



      .

      .

      .



      /*********************************/

      /* Update the local action point       */

      /* with the new optimum altitude  */

      /* and optimum cruise speed.         */

      /*********************************/



      pDivert->altitude  = fpmOutput[offset];



      autStatus = aut_computeAirSpeeds(fpmOutput[offset],

				       pAction->heading,

				       pNav->weather.wind_speed,

				       pNav->weather.wind_dir,

				       pDivert->speed,

				       APT_TRUE_SPD,

				       pNav->weather.temp_deviation,

				       &tas, &cas, &mach, &grndSpd, &drift,

				       &temperature, mpm_errNum);



      pDivert->speed     = grndSpd;



      .

      .

      .



�

function:   � tc " aut_computeAtmosphere" \l 3 �aut_computeAtmosphere�IFA9042��CALLING SEQUENCE:

aut_computeAtmosphere(altitude, &temperature, &pressure, &soundSpeed,  &density)

PARAMETERS:

Name	I/O	Type	Description

altitude	I	double	Pressure altitude (feet).

temperature	O	double*	Temperature (Degree Rankin).

pressure	O	double*	Pressure (lbs/ft**2).

soundSpeed	O	double*	Speed of sound (ft/sec).

density	O	double*	Density (Slugs/ft**3).

DESCRIPTION:

This function computes the pressure, temperature, speed of sound and density given a pressure altitude.  The results agree with the United States Standard Atmoshpere, 1962, which is equivalent to the ICAO Standard Atmosphere, to 20 km (65,617 feet).  (Note:  291,160 feet geopotential altitude is the same as 295,276 feet geometric altitude.)

EXAMPLE:

#include "a_msn_plan/apt_route.h"



fmt_loadTakeOff( APT_NAVPT_T  *pNav,

                 APT_RUNWAY_T *pRunway,

                 double        takeOffData[],

                 short int     takeOffNum,

                 int          *f14_errNum)

{

   double cpress;		/* Current nav point pressure at altitude */

   double crho;		/* Current nav point air density at alt. 	*/

   double csos;		/* Current nav point spd of sound at alt. 	*/

   double ctemp;		/* Current nav point temperature at alt. 	*/

.

.

.





/************************************************************/

/* Determine the atmospheric conditions for runway altitude */

/************************************************************/



    aut_computeAtmosphere( pRunway->pressure_alt, &ctemp, &cpress,

                           &csos, &crho );

    ctemp     -= 459.67; /* Convert kelvin to celsius */

    takeOffData[6] = ctemp;

. 

.

.

�

function:   � tc " aut_computeMagVar" \l 3 �aut_computeMagVar�IFA9047��CALLING SEQUENCE:

magVar = aut_computeMagVar(point, month, year)

PARAMETERS:

Name	I/O	Type	Description

point	I	MT_SPATIAL_POINT	Lat/lon to determine mag var.

month	I	double	Month of mission.

year	I	double	Year of mission.

"return"	O	double	Function return value.

DESCRIPTION:

This function computes the magnetic variance for a given TMT_GEO_POINT.

EXAMPLE:

#include "maps/mt_struct.h"



MT_SPATIAL_POINT	point;

double			month;

double			year;

double			magVar;



.

.

.



magVar = aut_computeMagVar(point, month, year);



printf("Magnetic variance = %f\n", magVar);



�

function:   � tc " aut_computeRange" \l 3 �aut_computeRange�IFA9048��CALLING SEQUENCE:

status = aut_computeRange(pt1, pt2, &range, &bearing, error_flag)

PARAMETERS:

Name	I/O	Type	Description

pt1	I	MT_GEO_POINT	Geodetic lat/lon (deg).

pt2	I	MT_GEO_POINT	Geodetic lat/lon (deg).

range	O	double*	Distance from pt1 to pt2 (ft).

bearing	O	double*	Angle from pt1 to pt2 (deg).

error_flag	O	int*	Function error value.

"return"	O	AUT_STATUS	Function return status.

DESCRIPTION:

This function computes the range and bearing between two points.

EXAMPLE:

#include "a_msn_plan/apt_route.h"

#include "a_msn_plan/aut_global_defs.h"



APT_ACTION_POINT_T	*pPrevAction;

APT_ACTION_POINT_T	*pCurrAction;

AUT_STATUS	autStatus;

double	range = 0.0;

double	heading = 0.0;

int	errNum = 0;

. . .



/*************************************************/

/* Compute the distance between the two points.	*/

/* Remember to add the turn distance and convert	*/

/* to nautical miles	*/

/*************************************************/

autStatus = aut_computeRange(pPrevAction->turn.end.geoPoint,

	pCurrAction->location.geoPoint,

	&range, &heading, &errNum);

range += pPrevAction->turn.distance; 

range /= NAUTICAL_MILE;

. . .

�

function: � tc " aut_ ComputeWindComponents" \l 3 �  aut_ComputeWindComponents�IFA9224��CALLING SEQUENCE:

aut_ComputeWindComponents (heading, wind_dir, wind_spd,  &head_wind,  &cross_wind)

PARAMETERS :

Name	I/O	Type	Description

heading	I	double	A/C heading (degrees True or Magnetic).

wind_dir	I	double	Wind heading (degrees True or Magnetic).

wind_spd	I	double	Wind speed (knots).

head_wind	O	double *	Head wind component (knots)

			 (+ = head wind

       			 - = tail wind).

cross_wind	O	double *	Cross wind component (knots)

 			(+ = right cross wind

    			 - = left cross wind).

DESCRIPTION :

This function calculates the head & cross wind component.

EXAMPLE:

#include “a_msn_plan/aut_wind_proto.h”



double	heading;

double	wind_direction;

double	wind_speed;

double	head_wind;

double	cross_wind;

.

.

.

aut_ComputeWindComponents(heading,  wind_direction, wind_speed,

                                                                         &head_wind, &cross_wind);





�

function: � tc " aut_ComputeWindDistance" \l 3 �  aut_ComputeWindDistance�IFA9225��CALLING SEQUENCE:

act_dist = aut_ComputeWindDistance (act_pt, time, dist)

PARAMETERS:

Name	I/O	Type	Description

act_pt	I	APT_ACTION_POINT_T*	Action point for which we are

			computing the transition.

time	I	double	Transition time for no-wind (min).

dist	I	double	Transition distance for no-wind (nmi).

act_dist	O	double	Actual distance (accounting for

			wind effect) (nmi).

DESCRIPTION:

This function calculates the actual distance in nautical miles given the action point, the transition time, and the transition distance.   The computed distance accounts for the wind effect.

EXAMPLE:

#include “a_msn_plan/aut_wind_proto.h”

#include “a_msn_plan/apt_route.h”



APT_ACTION_POINT_T	action_point;

double	trans_time;

double	trans_distance;

double	actual_distance;

.

.

.

actual_distance = aut_ComputeWindDistance (action_point, trans_time, trans_distance);



Note: If the function computes an actual distance less than 0.0, then the functions returns a  

0.0 value.

�

function:   � tc " aut_ ComputeWindRangeFactor" \l 3 �aut_ComputeWindRangeFactor�IFA9226��CALLING SEQUENCE:

aut_ComputeWindRangeFactor (heading, tas, wind_dir, wind_spd, &range_factor)

PARAMETERS :

Name	I/O	Type	Description

heading	I	double	A/C heading (degrees True or Magnetic).

tas	I	double	A/C True airspeed (knots).

wind_dir	I	double	Wind heading (degrees True or Magnetic).

wind_spd	I	double	Wind speed (knots).

range_factor	O	double *	Range factor (numeric).

DESCRIPTION :

This function calculates the range factor based upon the a/c heading, a/c true airspeed in knots, and the current winds as specified in wind heading and wind speed.

EXAMPLE:

#include “a_msn_plan/aut_wind_proto.h”



double	ac_heading;

double	ac_airspeed;

double	wind_heading;

double	wind_speed;

double	range_factor;

.

.

.

aut_ComputeWindRangeFactor (ac_heading, ac_airspeed, wind_heading, wind_speed, &range_factor);



�

function:   � tc " aut_constructRoute" \l 3 �aut_constructRoute�IFA9064��CALLING SEQUENCE:

status = aut_constructRoute(pOldAction, pPrevAction, pCurrAction, topLevel, aut_errNum)

PARAMETERS:

Name	I/O	Type	Description

pOldAction	 I	APT_ACTION_POINT_T *	Old action point.

pPrevAction	I/O	APT_ACTION_POINT_T *	Previous action point.

pCurrAction	I/O	APT_ACTION_POINT_T *	Current  action point.

topLevel	I	Widget	Top level widget of application.

aut_errNum	O	int*	Error number (> 0).

"return"	O	AUT_STATUS	Function return status.

DESCRIPTION:

This function computes turn geometry, heading, and air speeds for a given set of action/nav points.

EXAMPLE:

#include "a_msn_plan/apt_route.h"



extern Widget mpm_topLevel; /* Widget for error msgs to connect to */



mpm_routeValidation( LIST      *pRoute,

                     short int  currAction)

{



int mpm_errNum;			/* Function error number       */

APT_ACTION_POINT_T	*pOldAction=NULL;		/* Ptr to old  act pt   */

APT_ACTION_POINT_T	*pPrevAction=NULL;	/* Ptr to prev act pt */

APT_ACTION_POINT_T	*pCurrAction=NULL;	/* Ptr to curr act p  t*/



/***************************/

/* Get the action pointers     */

/***************************/

    amt_getActionPointers( pRoute, currAction, &pOldAction,

                           &pPrevAction, &pCurrAction );



	.

	.

	.



/*****************************************/

/* Construct the route for the set of               */

/* action points that have been selected        */

/*****************************************/

      autStatus = aut_constructRoute( pOldAction, pPrevAction,

                      pCurrAction, mpm_topLevel, &mpm_errNum );



	.

	.

	.



�

function:   � tc " aut_errorMsg" \l 3 �aut_errorMsg�IFA9052��CALLING SEQUENCE:

printf("%s\n", aut_errorMsg())

PARAMETERS:

Name	I/O	Type	Description

"return"	O	char*	Pointer to error message string.

DESCRIPTION:

This function returns a pointer to the character string associated with the error index stored in global variable aut_errno.

EXAMPLE:

#include "a_msn_plan/aut_error_defs.h"

#include "a_msn_plan/aut_global_defs.h"



AUT_STATUS some_mpm_function()

{

   AUT_STATUS			*status;

   int				*aut_errNum;

      . . . 



	 if (some condition indicating failure) {

	    *status     = AUT_FAILURE;

	  *aut_errNum = AUT_GEN_AC_POLY_ERROR;

	    aut_setErrNo( *aut_errNum );

	    break;

	 }

      . . .



   if (*status == AUT_FAILURE) {

	printf("%s\n", aut_errorMsg());

   }



   return(*status);

}

�

function:   � tc " aut_evalPoly" \l 3 �aut_evalPoly�IFA9072��CALLING SEQUENCE:

status = aut_evalPoly(actpt_num, fltMode, subMode, numInputs, numOutputs, modeData, modeResults, topLevel)

PARAMETERS:

Name	I/O	Type	Description

actpt_num	I	short int	Action point number.

fltMode	I	short int  	Flight Mode.

subMode	I	short int  	Sub mode within flight mode.

numInputs	I	short int 	Number of FPM inputs for mode.

numOutputs	I	short int 	Number of FPM outputs for mode.

modeData	I/O	double *	Mode data array.

modeResults	O	double *	Mode results array.

topLevel	I	Widget 	Widget to display error msgs.

"return"	O	short 	Function return value.

DESCRIPTION:

This function executes the FPM model for the input flight mode and submode.

EXAMPLE:

#include "a_msn_plan/apt_route.h"

#include "a_msn_plan/aft_hold_event.h"

#include "a_msn_plan/aft_flight_events.h"



APT_ACTION_POINT_T	*pAction = NULL;

APT_NAVPT_T	*pNav = NULL;	/* Current nav  point	*/

AFT_HOLDEVENT_T	*holdEventData = NULL;   /* Data assoc w/hold evnt	*/

short int	FPM_status;	/* FPM function status 	*/

short int	fltMode;	/* FPM flight mode	*/

double	gwt;	/* Gross weight	*/

AFT_FLTEVENT_T	*pEvent = NULL;

double	fuelUsed;



short in	subMode;	/* FPM sub mode	*/

short int	inputNum;	/* Number of input parameters 	*/



short int	outputNum;	/* Number of output parameters	*/

double	*fpmInput = NULL;	/* FPM input array (mode dependent)	*/

double	*fpmOutput = NULL;	/* FPM output array (mode dependent)	*/

Widget	parent;

.

.

.



fpmInput   = (double *) malloc (inputNum * (sizeof(double)));

fpmOutput  = (double *) malloc (outputNum * (sizeof(double)));

.	.

.



/*************************************************/

/* For best endurance the inputs are:	*/

/*    Gross weight (lbs)   	*/

/*    Drag index   	*/

/*    Time              (minutes)	*/

/*    Initial alt delta temp (deg Cel)	*/

/*    Bank angle             (degrees)	*/

/*************************************************/

fpmInput[0] = gwt - fuelUsed + pEvent->fuel_used;

fpmInput[1] = pNav->drag_coeff;

fpmInput[2] = holdEventData->time;

fpmInput[3] = pNav->weather.temp_deviation;

fpmInput[4] = pNav->bank_angle;



/****************************/

/* Evaluate the performance  */

/****************************/

FPM_status = aut_evalPoly (pAction->number, fltMode, subMode, inputNum, 

				         outputNum, fpmInput, fpmOutput, parent);



if ((FPM_status = FPM_OK) || (fpmOutput[0] > 0.0))

{

 

.

.

.

�

function:   � tc " aut_evalTransition" \l 3 �aut_evalTransition�IFA9073��CALLING SEQUENCE:

double = aut_evalTransition(pRteStart, pRteEnd, mode, range, pFuel, legResults, FPM_modes, status, aut_errNum, topLevel, MPM_loadPoly, tacticalDescnt)

PARAMETERS:

Name	I/O	Type	Description

pRteStart	I	LIST *	Previous list element.

pRteEnd  	I	LIST *	Last list element.

mode	I	short int[ ]	A/C specific flight mode:

			mode[0]: Cruise Mode

			mode[1]: Transition Mode

range	I	double	0.0 (This parameter is used only for recursive calls to this function).

pFuel    	I/O	double *	Total fuel for entire transition.

legResults	O	ALT_FLTLEG_T *	Leg results.

FPM_modes	I	FPM_MODE_DATA_T *	Structure containing MPM flight mode, sub-mode and offset data.  Normally:  FPM_modes->cruise: cruise modes, FPM_modes->trans:trans modes. (Refer to Appendix M, Section M.2 for a description of the structure’s elements.).

status	O	AUT_STATUS *	Function status.

aut_errNum	O	int *	Function error number.

topLevel	I	Widget	Top level widget for error 

			messages.

MPM_loadPoly	I	int (*) ( )	Function pointer to the MPM-

			specific function to call.

tacticalDescnt	I	Boolean	Tactical descent flag.

"return"	O	double	Function return value.

DESCRIPTION:

This function performs the transition processing for all three (3) transitions: acceleration, climb and descent.  If an error occurs, status will be set to AUT_FAILURE and -999.0 is returned by the function; aut_errNum will be set to a value indicating the type of error. In order for this function to work properly, the value for the input parameter “range” must be 0.0 when the aut_evalTransition function is called from an MPM.

EXAMPLE:

#include "a_msn_plan/alt_fltlegs.h"

#include "a_msn_plan/apt_fpm_modes.h"

#include "util/ult_structs.h"



int	*mpm_errNum = NULL;

short int	mode;

ALT_FLTLEG_T legResults;	/* Flight leg results	*/

FPM_MODE_DATA_T  *FPM_modes=NULL; /* FPM flight mode/sub-mode structure */

LIST	*pCurrList = NULL;	/* List pointer of the current action pt 	*/

LIST	*pPrevList = NULL;	/* List pointer of the previous action pt	*/

short int	transMode[2];	/* Mode values for transition calcs     	*/

double	fuel;	/* Fuel useage   	*/

double	range;	/* Distance from previous to current    	*/

int	aut_errNum;	/* AUT error number	*/

Boolean	tacticalDescent;

double	tFuel;	/* Return value from transition funcs   	*/



. . . 



/***************************/

/* Acceleration transition      */

/***************************/



if ((mode == ACA_MODE) || (mode == ACC_MODE))

{

       FPM_modes->trans.fltMode = CRUISE_TYPE;

	FPM_modes->trans.subMode =

       aut_getSubMode(FPM_modes->trans.fltMode,"MILACCELERATION");

	if (mode == ACC_MODE) {

		FPM_modes->trans.subMode =

       		aut_getSubMode(FPM_modes->trans.fltMode,"MAXACCELERATION");

		}



    FPM_modes->trans.offset  = 0;

    FPM_modes->cruise.offset = 0;



    tFuel = aut_evalTransition( pPrevList, pCurrList, transMode,

		range, &fuel, &legResults, FPM_modes, &autStatus,

		&aut_errNum, mpm_topLevel, (int (*)())fmt_loadPoly,

            	tacticalDescent);



    if ((aut_errNum > 0) || (tFuel == -999.0))

    {

            transError = 1;

             break;

    }

}

. . .



�

function:   � tc " aut_eventFuel" \l 3 �aut_eventFuel�IFA9074��CALLING SEQUENCE:

fuelUsed = aut_eventFuel(pAction)

PARAMETERS:

Name	I/O	Type	Description

pAction	I	APT_ACTION_POINT_T *	Current  action point.

"return"	O	double	Function return value.

DESCRIPTION:

This function determines all of the fuel used during the flight events.

EXAMPLE:

#include "a_msn_plan/apt_route.h"



double fuelUsed;

APT_ACTION_POINT *pAction = NULL;



.

.

.



fuelUsed = aut_eventFuel(pAction);



printf("Fuel used: %f\n", fuelUsed);

.

.

.



�

function:   � tc "aut_getEpoch " \l 3 �   aut_getEpoch�IFA9240��CALLING SEQUENCE:

epoch = aut_getEpoch()

PARAMETERS:

Name	I/O	Type	Description

return	O	float	Returned epoch value.

DESCRIPTION:

This function returns the date associated with the magnetic variation file.



This function will return zero (0) if there is a failure in determining the date of the magnetic variation file. The function aut_initializeMagVar() must be called before this function can be called.

EXAMPLE:

#include “a_msn_plan/aut_compute_mag_var.h”



someFunc() {

	float epoch;

	epoch = aut_getEpoch();

	if (epoch  == 0) {	// error condition

		printf(“Error getting Mag Var Epoch.\n”);

		return;

	}



	// do something ...



	return;

}

�

function:   � tc "aut_getMagneticVariation" \l 3 � aut_getMagneticVariation�IFA9241��CALLING SEQUENCE:

magVar = aut_getMagneticVariation(inLat, inLon)

PARAMETERS:

Name	I/O	Type	Description

inLat	I	double	Input latitude (degrees).

inLon	I	double	Input longitude (degrees).

return	O	LIST *	Returned magnetic variation.	

DESCRIPTION:

This function returns a magnetic variation value in degrees based upon the input latitude and longitude in degrees.



This function uses the Core aut_computeMagVar function, passing it the current month and year, thereby limiting date calculation errors.  The input arguments are in degrees and the return value is in degrees.

EXAMPLE:

#include “a_msn_tools/aut_compute_mag_var.h”



someFunc() {

	double lat = 0.0;

	double long = 0.0;

	double magVar = 0.0;



	magVar = aut_getMagneticVariation(lat, long);

	printf(“Magnetic variation for pt Lat: %f Lon: %f is: %f\n”,

		lat, long, magVar);

}



�

function:   � tc " aut_getMainCoefficients " \l 3 �  aut_getMainCoefficients�IFA9242��CALlING SEQUENCE:

status = aut_getMainCoefficients (MainCoeff)

PARAMETERS:

Name	I/O	Type	Description

MainCoeff	I/O	float[][]	Array of coefficient values.

return	O	ST_STATUS	Status flag.

DESCRIPTION:

This function returns the main magnetic variation coefficients supplied in the magnetic variation file.



This function returns a status of ST_FAILURE if the magnetic variation coefficients could not be returned. It will return ST_SUCCESS if there was no problem returning the magnetic variation coefficients.  The data is arranged as an array of coefficients. The function aut_initializeMagVar() must be called before this function can be called.

EXAMPLE:

#include “system/st_sysdefs.h”

#include “a_msn_plan/aut_compute_mag_var.h”



someFunc() {

	ST_STATUS status;



	float  Coeff[AUT_MAXORD][AUT_MAXORD];



	status = aut_getMainCoefficients(Coeff);

	if (status == ST_FAILURE) {

		printf(“ERROR - could not retrieve Mag Var main coefficients.\n”);

		return;

	}



	// do something ...

	return;



}

�

function:   � tc " aut_getSecularCoefficients " \l 3 �  aut_getSecularCoefficients�IFA9243��CALLING SEQUENCE:

status = aut_getSecularCoefficients (SecCoeff)

PARAMETERS:

Name	I/O	Type	Description

SecCoeff	I/O	float[][]	Array of coefficient values.

return	O	ST_STATUS	Status flag.

DESCRIPTION:

This function returns the secular magnetic variation coefficients supplied in the magnetic variation file.



This function returns a status of ST_FAILURE if the magnetic variation coefficients could not be returned. It will return ST_SUCCESS if there was no problem returning the magnetic variation coefficients. The data is arranged as an array of coefficients. The function aut_initializeMagVar() must be called before this function can be called.

EXAMPLE:

#include “system/st_sysdefs.h”

#include “a_msn_plan/aut_compute_mag_var.h”



someFunc() {

	ST_STATUS status;



	float  Coeff[AUT_MAXORD][AUT_MAXORD];



	status = aut_ getSecularCoefficients (Coeff);

	if (status == ST_FAILURE) {

		printf(“ERROR - could not retrieve Mag Var secular coefficients.\n”);

		return;

	}



	// do something ...

	return;



}

�

function:   � tc " aut_getSubMode" \l 3 �aut_getSubMode�IFA9077��CALLING SEQUENCE:

short = aut_getSubmode(fltMode, &subModeStr)

PARAMETERS:

Name	I/O	Type	Description

fltMode	I	short int 	Flight Mode.

subModeStr	I	char *	Sub mode string.

"return"	O	short	Function return value.

DESCRIPTION:

This function returns the submode address for the selected flight mode/sub mode.

EXAMPLE:

short int	fltMode;

short 	subMode;



.

.

.



subMode    = aut_getSubMode(fltMode,"OPTIMUMCRUISE");



printf("subMode = %d\n", subMode);

�

function:   � tc " aut_hemisphereRules" \l 3 �aut_hemisphereRules�IFA9078��CALLING SEQUENCE:

aut_hemisphereRules(pAction)

PARAMETERS:

Name	I/O	Type	Description

pAction	I/O	APT_ACTION_POINT_T *	Pointer to action point.

DESCRIPTION:

This function calculates the hemispheric rules for easterly/westerly direction. 

EXAMPLE:

#include "a_msn_plan/apt_route.h"



APT_ACTION_POINT_T *pCurrAction = NULL;

short int  mode;



.

.

.



/**************************************************************/

/* For the hemispheric rules mode, invoke the hemispheric IFR     */

/* function to perform the appropiate altitude computations.          */

/**************************************************************/

	if (mode == HEM_MODE)

	{

	      aut_hemisphereRules( pCurrAction );

	}

.

.

.

�

function:   � tc " aut_initializeMarVar " \l 3 �  aut_initializeMarVar�IFA9244��CALLING SEQUENCE:

status = aut_initializeMagVar()

PARAMETERS:

Name	I/O	Type	Description

return	O	ST_STATUS	Returned status flag.

DESCRIPTION:

This function initializes the magnetic variation coefficients for the current system.



This function returns a status of ST_FAILURE if the magnetic variation coefficients could not be computed. It will return ST_SUCCESS if there was no problem computing the magnetic variation coefficients.

EXAMPLE:

#include “system/st_sysdefs.h”

#include “a_msn_plan/aut_compute_mag_var.h”



someFunc() {

	ST_STATUS status;

	

	status = aut_initializeMagVar();

	if (status == ST_FAILURE) {

		printf(“ERROR - Could not init Mag Var data.\n”);

		return;

	}

}

�

function:   � tc " aut_jettison" \l 3 �aut_jettison �IFA9079��CALLING SEQUENCE:

status = aut_jettison(pAction, pEvent, fuelUsed, parent)

PARAMETERS:

Name	I/O	Type	Description

pAction	I/O	APT_ACTION_POINT_T *	Current action point.

pEvent	I/O	AFT_FLTEVENT_T *	Current flight event.

fuelUsed	I	double	Fuel used by the other flight events AND during flight leg before this action point.

parent	I	Widget	Parent widget.

"return"	O	ST_STATUS	Function return status.

DESCRIPTION:

This function will validate the jettison flight event.  The caller must provide the fuelUsed which is not accounted for in the current action point.  The pAction action point and the pEvent flight event will be updated with validated values when complete.

EXAMPLE:

#include "a_msn_plan/aft_event_defs.h"

#include "a_msn_plan/aft_flight_events.h"

#include "a_msn_plan/apt_route.h"

#include "system/st_sysdefs.h"



APT_ACTION_POINT_T 	*pCurrAction = NULL;

AFT_FLTEVENT_T     	*pEvent          = NULL;

double	fuelUsed;

Widget	mpm_topLevel;

ST_STATUS	stStatus;

.

.

.



/************************************************/

/* Weapon jettison event 	*/

/* Main library function.  No operation for MPM 	*/

/************************************************/

case AFT_WEAPON_EVENT:

{

	stStatus = aut_jettison( pCurrAction, pEvent,

	     				fuelUsed, mpm_topLevel);

     

    break;

} /* end case AFT_WEAPON_EVENT */

.

.

.



�

FUNCTION:   � tc " aut_maintainSelectedSpeed" \l 3 �aut_maintainSelectedSpeed�IFA9126��CALLING SEQUENCE:

stStatus = aut_maintainSelectedSpeed(pPrevAct, pCurrAct, heading, autErrNum)

PARAMETERS:

Name	I/O	Type	Description

pPrevAct	I/O	APT_ACTION_POINT_T *	Previous action ptr.

pCurrAct	I/O	APT_ACTION_POINT_T *	Current action ptr.

heading	I	double	Heading at current action point.  (Refer to DESCRIPTION below.)

auterrNum	O	int *	Function error number.

"return"	O	ST_STATUS	Function return status.

DESCRIPTION:

This function maintains the proper speed based on the planner's selection.  The planner may choose TAS (True Air Speed),  CAS (Calibrated Air Speed), MACH, or Ground Speed.  In any case, the selected speed will update the ground speed along the route. The parameter “heading” (especially for new points) is the truncated default heading set for the current point before aut_constructRoute is called.  If the “heading” is obtained after aut_constructRoute, then the speed will be calculated incorrectly for new points.

EXAMPLE:

#include "a_msn_plan/apt_route.h"

#include "a_msn_plan/aut_maintain_speed.h"



APT_ACTION_POINT_T	*pPrevAction;

APT_ACTION_POINT_T	*pCurrAction;

short int	heading;

int	errNum;

ST_STATUS	stStatus;

. . .

heading = (short int) pCurrAction->heading;

stStatus = aut_maintainSelectedSpeed (pPrevAction, pCurrAction, (double) heading, 	&errNum);



if (stStatus == ST_SUCCESS)  {

. . .

}

else  {

} 

. . .

�

function:   � tc " aut_normalizeAngle" \l 3 �aut_normalizeAngle�IFA9062��CALLING SEQUENCE:

normalized = aut_normalizeAngle(angle)

PARAMETERS:

Name	I/O	Type	Description

angle	I	double	Angle to normalize (rads).

"return"	O	double	Function return value (rads).

DESCRIPTION:

This function normalizes the input angle.  For example:  if 6.2*PI is input, 0.2*PI would be the output.

EXAMPLE:

#include "tms/tmt_const_defs.h"



double	angle	= -3 * PI;

double	normalized;



normalized = aut_normalizeAngle(angle);



printf("Normalized angle = %f\n", normalized);

�

function:   � tc " aut_PerfMinMax " \l 3 �aut_PerfMinMax�IFA9065��CALLING SEQUENCE:

aut_PerfMinMax(in_type, in_min, in_max, in_default, flt_min, flt_max, flt_default, enm_default, &ret_min, &ret_max, &ret_def)

PARAMETERS:

Name	I/O	Type	Description

in_type 	I	short int 	Type of input.

in_min	I	short int	Min value of int input.

in_max	I	short int	Max value of int input.

in_default	I	short int	Default value of int input.

flt_min	I	double 	Min value of double input.

flt_max	I	double 	Max value of double input.

flt_default	I	double	Default value of double input.

enm_default	I	short int 	Default value of enum input.

ret_min	O	double *	Min return value of input.

ret_max	O	double *	Max return value of input.

ret_default	O	double *	Default return value.

DESCRIPTION:

This function determines the min/max and default data for the input parameter from the Flight Performance Model (FPM) supplied by Eglin Air Force Base, Fort Walton Beach, Florida.

EXAMPLE:

double	*modeData = NULL;

int 	i;

double 	ret_def;	/* Default value from FPM model for parameter */

double 	ret_max;	/* Max value from FPM model for parameter      */

double 	ret_min;	/* Min value from FPM model for parameter      */



short  enum_default,

   input_type,

   int_default,

   int_max,

   int_min;



double float_min,

   float_max,

   float_default;





.

.

.

 

/**************************************************/

/* Get the default data for the current parameter       */

/**************************************************/

aut_PerfMinMax(input_type, int_min, int_max, int_default,

	     float_min, float_max, float_default, 

	     enum_default, &ret_min, &ret_max, &ret_def ); 



/**************************************************************/

/* If the current input parameter is not defined or the       	*/

/* value contained within the input parameter is not within   	*/

/* the defined limits of the parameter, use the default value 	*/

/**************************************************************/

if (modeData[i] < ret_min || modeData[i] > ret_max) {

 modeData[i] = ret_def;

}

.

.

.



�

function:   � tc " aut_quadratic" \l 3 �aut_quadratic�IFA9080��CALLING SEQUENCE:

status = aut_quadratic(a, b, c, answ1, answ2)

PARAMETERS:

Name	I/O	Type	Description

a	I	double	Root 1.

b	I	double	Root 2.

c	I	double	Root 3.

answ1	O	double *	Positive return value.

answ2	O	double *	Negative return value.

"return"	O	AUT_STATUS	Function return status.

DESCRIPTION:

This function computes the quadratic for the input arguments a, b, c.

EXAMPLE:

#include "a_msn_plan/aut_global_defs.h"



AUT_STATUS status;

double a, b, c;

double answ1, answ2;



.

.

.



status = aut_quadratic(a, b, c, &answ1, &answ2);



printf("Results: %f and %f.\n", answ1, answ2);

�

function:   � tc " aut_refuel" \l 3 �aut_refuel�IFA9068��Calling Sequence:

status = aut_refuel(pAction, pEvent, fuelUsed, computeBurnRate, parent)

Parameters:

Name	I/O	Type	Description

pAction	I/O	APT_ACTION_POINT_T *	Current action point.

pEvent	I	AFT_FLTEVENT_T *	Current refuel flight event.

fuelUsed	I	double 	Fuel used since previous action point.

computeBurnRate	I	ST_STATUS (*) 	Function to calculate burn

		(APT_ACTION_POINT_	rate.

		T*, APT_ACTION_

		POINT_T*, double*, int*)	

parent	I	Widget 	Widget to display errors.

"return"	O	ST_STATUS	Return status.

Description:

This function will validate the refuel flight event.  The caller must provide the fuelUsed that is not accounted for in the action point.  Also, a burn rate function may be supplied which takes two (2) action points and calculates a new burn rate based on any flight modes and weights.  If NULL is passed, a default function will be used.  The pAction action point will be updated with validated values when complete.

Example:

#include "a_msn_plan/aft_event_defs.h"

#include "a_msn_plan/aft_flight_events.h"

#include "a_msn_plan/apt_route.h"

#include "system/st_sysdefs.h"



ST_STATUS stStatus;

APT_ACTION_POINT_T *pCurrAction = NULL:

AFT_FLTEVENT_T *pEvent = NULL:

double fuelUsed;

Widget mpm_topLevel;



	case AFT_REFUEL_EVENT:  {



		/******************************************************************/

		/*  Refuel Event (Anchor, Contact, Manual refueling)			*/

		/*  Main library will probably support this function but the MPM	*/

		/*  will probably be invoked to perform fuel updates.			*/

		/*  This is the classical problem of filling a bottle while there		*/

		/*  is a hole in the bottom of it.						*/

		/******************************************************************/

		stStatus = aut_refuel (pCurrAction, pEvent, fuelUsed, NULL, 

	mpm_topLevel);



		break;

.

.

.

�

function:   � tc " aut_setErrNo" \l 3 �aut_setErrNo�IFA9051��CALLING SEQUENCE:

aut_setErrNo(errno)

PARAMETERS:

Name	I/O	Type	Description

errno	I	int	Error number.

DESCRIPTION:

This function takes the input parameter and changes the global aut_errno.

EXAMPLE:

#include "a_msn_plan/aut_error_defs.h"

#include "a_msn_plan/aut_global_defs.h"



AUT_STATUS some_mpm_function()

{

   AUT_STATUS			*status;

   int				*aut_errNum;

      .

      .

      .



	 if ( /* some condition indicating failure */ ) {

	    *status     = AUT_FAILURE;

	    *aut_errNum = AUT_GEN_AC_POLY_ERROR;

	    aut_setErrNo( *aut_errNum );

	    break;

	 }

      .

      .

      .



   if (*status == AUT_FAILURE) {

	printf("%s\n", aut_errorMsg());

   }



   return(*status);

}

�

FUNCTION:   � tc " aut_SimpsonsRulePolys" \l 3 �aut_SimpsonsRulePolys�IFA9210��CALLING SEQUENCE:

status = aut_SimpsonsRulePolys(dreqd, prevAction, currAction, fltMode, subMode, cruiseInputs, cruiseOutputs, specRangeIndex, tasIndex, cruiseData, cruiseResults, topLevel, MPM_loadPoly, fuel, time, distance)

PARAMETERS:

Name	I/O	Type	Description

dreqd	I	double	Required range (nm).

prevAction	I	APT_ACTION_POINT_T *	Pointer to previous action point.

currAction	I	APT_ACTION_POINT_T *	Pointer to current action point.

fltMode	I	short int	Selected flight mode from polys.

subMode	I	short int	Selected submode from polys.

cruiseInputs	I	short int	Number of FPM inputs for mode.

cruiseOutputs	I	short int	Number of FPM outputs for mode.

SpecRangeIndex	I	short int	Index of specific Range in cruiseOutputs array.

tasIndex	I	short int	Index of True airspeed in cruiseOutputs array.

cruiseData	I	double 	Mode data array.

cruiseResults	I	double 	Mode results array.

toplevel	I	Widget	Top level widget for error messages.

MPM_loadPoly	I	AUT_STATUS (*)	Function pointer to the MPM-

		(APT_ACTION_	specific function to call for

		POINT_T *, APT_	loading polynomial data.

		ACTION_POINT_T *,	

		short int, double *,	

		short int, int *)	

fuel	O	double 	Resultant fuel (lbs).

time	O	double 	Resultant time (minutes).

distance	O	double 	Resultant distance (nm).

"return"	O	AUT_STATUS	Function status (AUT_SUCCESS, AUT_FAILURE.

DESCRIPTION:

This function performs Simpson's Rule computations for the cruise portion of flight legs defined by polynomial-based Mission Planning Modules (MPMs).

EXAMPLE:

...

#include "a_msn_plan/apt_route.h"

#include "gfe_polynomials/fpm_proto.h"

#include "a_msn_plan/aut_get_submode.h"

#include "a_msn_plan/aut_compute_range.h"

#include "a_msn_plan/aut_simpons_rule.h"

...



    AUT_STATUS  autStatus;      /* Physics  return status */

 

    APT_ACTION_POINT_T *pCurrAction;  /* Temporary action point */

    APT_ACTION_POINT_T *pPrevAction;  /* Temporary action point */

 

    short int   FPM_status;     /* FPM function status */

    short int   fltMode;           /* FPM flight mode */

    short int   inputNum;       /* Number of input parameters */

    short int   outputNum;     /* Number of output parameter */

    short int   subMode;        /* FPM submode within flight mode */

    short int   specRangeIndex; /* Index of spec range in fpmOutput array */

    short int   tasIndex;            /* Index of true airspeed in fpmOutput array */

    double      *fpmInput=NULL; /* FPM input array (mode dependent) */

    double      *fpmOutput=NULL;/* FPM output array (mode dependent) */

    double      bearing;          /* Bearing from end of turn of previous point */

				       /* to start of turn of current point  (deg)         */

    double      fuel;               /* Fuel useage  */

    double      range;            /* Distance from previous to current */

    double      rangeOut;       /* Distance from previous to current */

    double      time;              /* Time to fly the distance */

    Widget      topLevel;       /* MPM top level widget */

...

/************************************************************************/

/* Determine the distance from the previous action point end of turn */

/* to the current nav points start of turn.  This is req'd since the        */

/* transition modes need to ascertain whether the transition can       */

/* complete in the curr flight leg or will it have to go to prev             */

/* flight legs.                                                                                       */

/***********************************************************************/

    autStatus = aut_computeRange(pPrevAction->turn.end.geoPoint,

                                 pCurrAction->turn.start.geoPoint,

                                 &range, &bearing, f18_errNum);

 

/***************************************************************************/

/* Now apply the turn distance from the previous point so that the total */

/* flight leg distance encompasses the leg length and the turn distance   */

/***************************************************************************/

    range += pPrevAction->turn.distance;

 

/*****************************/

/* Convert to nautical miles */

/*****************************/

    range /= NAUTICAL_MILE;



/*=================================================*/

/*                            CONSTANT CRUISE                                          */

/*=================================================*/



            /*********************************/

           /* Load the constant cruise data */

           /*********************************/

           fltMode    = CRUISE_TYPE;

           subMode    = aut_getSubMode(fltMode,"STANDARD");

           if (subMode == -99) {

              subMode    = aut_getSubMode(fltMode,"STANDARDCRUISE");

           }

 

           FPM_status  = FPM_set_flight_mode(fltMode);

           inputNum    = FPM_get_number_of_inputs(fltMode, subMode);

           outputNum   = FPM_get_number_of_outputs(fltMode, subMode);



           fpmInput    = (double *) malloc (inputNum * (sizeof(double)));

           fpmOutput   = (double *) malloc (outputNum * (sizeof(double)));

 

/***********************************************************************/

/* Simpsons rule was incorporated to determine the fuel used over     	*/

/* long cruises. 	*/

/***********************************************************************/

         specRangeIndex = 1;  tasIndex = 2;

         autStatus   = aut_SimpsonsRulePolys(range, pPrevAction,

                                               pCurrAction, mode, subMode,

                                               inputNum, outputNum,

					  specRangeIndex, tasIndex,

                                               fpmInput, fpmOutput,

                                               f18_topLevel,

                                               fmt_loadPoly,

                                               &fuel, &time, &rangeOut);

 

...





�

function:   � tc " aut_updateActionPoint" \l 3 �aut_updateActionPoint�IFA9066��CALLING SEQUENCE:

x = aut_updateActionPoint(pPrevAction, pCurrAction, topLevel, &aut_errNum)

PARAMETERS:

Name	I/O	Type	Description

pPrevAction	I	APT_ACTION_POINT_T *	Previous action point.

pCurrAction	I/O	APT_ACTION_POINT_T *	Current  action point.

topLevel	I	Widget	Top level widget of application.

aut_errNum	O 	int *	Error number (> 0).

"return"	O	AUT_STATUS	Function return status.

DESCRIPTION:

This function updates the action point with the information found in the associated flight modes and flight events sub-data structures for time, fuel and distance computations.

EXAMPLE:

#include "a_msn_plan/apt_route.h"

#include "a_msn_plan/aut_global_defs.h"

#include "util/ult_structs.h"



#include "mpm_global_defs.h"     /* mpm-specific includes */

#include "mpm_error_defs.h"



extern Widget mpm_topLevel;





MPM_STATUS fmt_getFlightMode( LIST     *pRoute,

                              short int currAction,

                              int      *mpm_errNum) 

{

    MPM_STATUS funcStatus;	/* Function status               */

    AUT_STATUS autStatus;	/* Function status               */



    APT_ACTION_POINT_T *pCurrAction;	/* Current  action point */

    APT_ACTION_POINT_T *pOldAction;	/* Old      action point */

    APT_ACTION_POINT_T *pPrevAction;	/* Previous action point */



    short int  localMode;	/* Local flight mode             */



	.

	.

	.



/*******************************************************/

/* Invoke the validate modes function since it has all 	*/

/* of the available flight modes to process. 	*/

/*******************************************************/

        *mpm_errNum = MPM_INVALID_ERRNO;

        funcStatus = fmt_validateFlightMode( pRoute, currAction,

                                             localMode, mpm_errNum);



/********************************************/

/* Update the action point with the results        */

/********************************************/

        if (funcStatus != MPM_FAILURE)

        {

           autStatus = aut_updateActionPoint( pPrevAction,

                           pCurrAction, mpm_topLevel, mpm_errNum);

        }

	.

	.

	.
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