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1
AERODYNAMIC SIMULATION SYSTEM AND
METHOD FOR OBJECTS DISPENSED FROM
AN AIRCRAFT

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

The invention described herein was made in the perfor-
mance of official duties by employees of the Department of
the Navy and may be manufactured, used and licensed by or
for the United States Government for any governmental pur-
pose without payment of any royalties thereon.

BACKGROUND AND SUMMARY

The present disclosure relates generally to systems and
methods for simulating the aerodynamic performance of
objects dispensed from a moving aircraft. More particularly,
the present invention relates to a system and method for
calculating predicted trajectories of a plurality of objects,
such as expendable countermeasures for example, dispensed
from a moving aircraft to assist with evaluating the perfor-
mance (safety, effectiveness, etc.) of such objects.

Infrared countermeasures are often dispensed from aircraft
to counter heat seeking surface-to-air missiles or air-to-air
missiles. Such infrared countermeasures are typically decoy
flares having a burning temperature equal to or hotter than
engine exhaust of the aircraft. The goal of such infrared
countermeasures is to make the heat seeking missiles seek out
the heat signature of the burning flare rather than the heat
signature of the aircraft’s engines.

Infrared countermeasures are typically launched as projec-
tiles, gravity-fed, or otherwise dispensed from object dis-
pensers located inside the aircraft’s fuselage. The counter-
measure dispensers are programmable to dispense flares at
predetermined intervals. With pyrotechnic flares, the dispens-
ers automatically ignite the flares as they are being dispensed.

In an exemplary embodiment of the present disclosure, a
method implemented on a computing device simulates tra-
jectories of objects dispensed from a moving aircraft. The
computing device has a processor capable of accessing a
memory and at least one input device. The illustrated method
includes storing object dispenser data in a database in the
memory of the computing device. The object dispenser data
includes locations and orientations of object dispensers
linked to an aircraft. The method also includes receiving input
data from an input device to select an aircraft for the simula-
tion, retrieving object dispenser data from the database stored
in the memory of the computing device to determine a loca-
tion and an orientation of at least one object dispenser relative
to the selected aircraft, and receiving input data from the input
device to define flight conditions for the aircraft. The flight
conditions include an inertial position in an inertial coordi-
nate system, an inertial heading, and a flight speed of the
aircraft. The method further includes receiving input data
from the input device to define an object dispense sequence
for the at least one object dispenser, and calculating a trajec-
tory for each object dispensed from the at least one object
dispenser using the processor of the computing device.

In another exemplary embodiment of the present disclo-
sure, a system for simulating trajectories of objects dispensed
from a moving aircraft includes a display, at least one user
input device, a processor operatively coupled to the display
and the at least one input device, a memory accessible by the
processor, and an object dispenser database stored in the
memory. The object dispenser database includes object dis-
penser data indicating locations and orientations of a plurality
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of object dispensers linked to a plurality of aircraft. The
system also includes trajectory simulation software stored in
the memory for execution by the processor. The trajectory
simulation software includes a first processing sequence for
generating a graphical user interface to select an aircraft for
the simulation, a second processing sequence for retrieving
object dispenser data from the database stored in the memory
to determine a location and an orientation of at least one
object dispenser relative to the selected aircraft, and a third
processing sequence for generating a graphical user interface
to define flight conditions for the aircraft. The flight condi-
tions include an inertial position in an inertial coordinate
system, an inertial heading, and a flight speed of the aircraft.
The trajectory simulation software also includes a fourth
processing sequence for generating a graphical user interface
to define an object dispense sequence for the at least one
object dispenser, and a fifth processing sequence for calcu-
lating a trajectory for each object dispensed from the at least
one object dispenser.

In yet another exemplary embodiment of the present dis-
closure, a computer program product comprises a computer
usable medium having a computer readable program code
embodied therein, the computer readable program code being
adapted to be executed to implement a method for simulating
trajectories of objects dispensed from a moving aircraft. The
illustrated method includes a first processing sequence for
generating a graphical user interface to select an aircraft for
the simulation, a second processing sequence for retrieving
object dispenser data from a database to determine a location
and an orientation of at least one object dispenser relative to
the selected aircraft, and a third processing sequence for
generating a graphical user interface to define flight condi-
tions for the aircraft. The flight conditions include an inertial
position in an inertial coordinate system, an inertial heading,
and a flight speed of the aircraft. The illustrated method also
includes a fourth processing sequence for generating a
graphical user interface to define an object dispense sequence
for the at least one object dispenser, and a fifth processing
sequence for calculating a trajectory for each object dis-
pensed from the at least one object dispenser.

Additional features and advantages of the present inven-
tion will become apparent to those skilled in the art upon
consideration of the following detailed description of the
illustrative embodiment exemplifying the best mode of car-
rying out the invention as presently perceived.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing aspects and other features of this invention
will become more readily appreciated and better understood
by reference to the following detailed description when taken
in conjunction with the accompanying drawings in which:

FIG. 1 is a block diagram of illustrative hardware compo-
nents of an aircraft countermeasure aerodynamic simulation
system,

FIG. 2 is ablock diagram illustrating a plurality of software
modules stored in a memory and accessible by a processor of
the aircraft countermeasure simulation system of an illus-
trated embodiment of the present disclosure;

FIG. 3 is a flowchart illustrating the steps performed by the
simulation system in accordance with a method of the present
disclosure;

FIG. 4 illustrates a plurality of input parameters for an
exemplary embodiment of a countermeasure trajectory simu-
lation software module;
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FIG. 5 illustrates a plurality of different illustrative simu-
lation result outputs generated by the software of the simula-
tion system;

FIG. 6 is diagram illustrating how to resolve vector quan-
tities onto a body coordinate axis in the trajectory model used
by the countermeasure trajectory simulation software mod-
ule;

FIG. 7 is a diagrammatical view of a falling flare showing
vectors which define a body-fixed coordinate system origi-
nating from the flare’s center of gravity;

FIG. 8 illustrates normal forces and moments acting on a
falling flare;

FIG. 9 is an illustrated display and input module for pro-
viding initial set up and run configuration for the input param-
eters to the trajectory simulation software including selection
of'an aircraft, setting of a dispense sequence, setting of simu-
lation variables, and setting wind speed;

FIG. 101llustrates a display and input module configured to
input aircraft initial conditions for use in the simulation;

FIG. 11 is a display and input module used to set aircraft
maneuvers to be executed during the simulation;

FIG. 12 is a diagrammatical view illustrating roll, pitch,
and yaw around X, y and z axes, respectively, of an aircraft;

FIG. 13 is an illustrated embodiment of a display and input
module showing orientations of countermeasure dispensers
on a selected aircratt;

FIG. 14 is an illustrated two-dimensional trajectory plot for
an aircraft dispensed countermeasure as calculated by the
simulation software;

FIG. 15 illustrates a three-dimensional trajectory plot for
an aircraft dispensed countermeasure;

FIG. 16 illustrates a display and input module for showing
a 3-D animation illustrating dispensing of the countermea-
sures from the aircratft;

FIG. 17 is a display screen and input module illustrating a
seeker view animation which simulates a countermeasure
dispensing sequence from the point of view of a heat seeking
missile approaching the aircraft as the countermeasures are
being dispensed; and

FIG. 18 is a display and input module displayed on the
graphical user interface used by a user to add countermeasure
dispensers to the aircraft or modify countermeasure dispens-
ers of the aircraft before running the simulation.

DETAILED DESCRIPTION OF THE DRAWINGS

For the purposes of promoting an understanding of the
principles of the present disclosure, reference will now be
made to the embodiments illustrated in the drawings, which
are described below. The embodiments disclosed below are
not intended to be exhaustive or limit the invention to the
precise form disclosed in the following detailed description.
Rather, the embodiments are chosen and described so that
others skilled in the art may utilize their teachings. Therefore,
no limitation of the scope of the claimed invention is thereby
intended. The present invention includes any alterations and
further modifications of the illustrated devices and described
methods and further applications of the principles of the
invention which would normally occur to one skilled in the art
to which the invention relates.

Referring to FIG. 1, a computing device 10 an illustrated
embodiment of the present disclosure is illustrated. Comput-
ing device 10 may comprise a desktop personal computer, a
handheld computer, a laptop computer, a network appliance,
a gaming console and/or any other suitable computing device.
In the exemplary embodiment, the computing device 10
includes a processor 12, a storage device 14, a memory 16, a
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network interface 18, one or more user input devices 20, and
one or more output devices 22. The network interface 18
operably couples the computing device 10 to a communica-
tion network such that the computing device 10 may commu-
nicate with other computing devices via the communications
network.

The processor 12 is generally operable to obtain software
and/or firmware instructions from the storage device 14, load
them into memory 16, and execute the instructions from
memory 16. The storage device 16 is generally operable to
store data and/or software instructions for the computing
device 10. To this end, the storage device 14 and/or memory
16 may include a hard disk drive, random access memory, a
CD-ROM drive, a DVD-RAM drive, a RAID device, a Disk-
On-Chip device and/or other suitable computer readable and/
or writeable media devices.

The computing device 10 also includes one or more user
input devices 20. In general, the user input devices 20 provide
auser of the computing device 10 with mechanisms for enter-
ing information into the computing device 10 and/or control-
ling the operation of the computing device 10. Illustratively,
the user input devices 20 may include a mouse, a keyboard, a
touch pad, a push button, a scanner, a stylus, a touch screen,
and/or other suitable input devices that provide a user of the
exemplary computing device 10 with an interface to directly
or indirectly control the operation of the computing device
10. A display 24 is also illustratively coupled to the processor.
The display 24 may include a cathode ray tube (“CRT”), a
liquid crystal display (“LCDs”), light emitting diodes
(“LEDs”), and/or other output devices that are operable to
visually present information to a user of the exemplary com-
puting device 10. The output devices 22 may include sound
cards, wave generators, sequencers, mixers, speakers, and/or
other audio devices that are used to audibly present informa-
tion to a user of the exemplary computing device 10. Output
devices 22 may also include a printer, fax machine, or an
electronic messaging system.

The computing device 10 provides a system and method
for aerodynamic modeling of objects dispensed from an air-
craft. The computing device 10 receives multiple inputs as
discussed below and calculates predicted trajectories of the
dispensed objects to permit evaluation of the effectiveness of
protecting the aircraft against various guided heat-seeking
missile threats. The display 24 illustratively provides a
graphical user interface (GUI) to facilitate configuration of
the system, input of simulation parameters and analysis of the
simulation results. Throughout the description of an illus-
trated embodiment of the present disclosure, a system and
method for aerodynamic modeling of countermeasures such
as decoys or flares dispensed from the aircraft is described in
detail. It is understood, however, that the trajectory simula-
tion software module 34 discussed below may also be used to
calculate trajectories of other axi-symetric objects such as
bombs or sonobuoys, for example, which are dropped,
ejected or launched from object dispensers on the aircraft.
Sonobuoys are expendable sonar systems that are dropped or
ejected from an object dispenser on the aircraft for assisting
with anti-submarine warfare and/or under water acoustic
research.

As discussed above, processor 12 has access to memory 16
and executes software stored in the memory 16 and/or storage
device 14. As illustrated in FIG. 2, the storage device
14/memory 16 illustratively includes an aircraft database 30
which illustratively includes wire-frame data describing the
outer body dimensions of each aircraft. The aircraft database
30 is linked to a database 32 including details of the location
and orientations of countermeasure dispensers located on a
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particular aircraft. As discussed in more detail below, the
database 32 includes information on the location of each
dispenser on a particular aircraft. Database 32 also includes
dispensing angles and orientations for each dispenser relative
to the aircraft. In an illustrated embodiment, standard dis-
penser locations for each aircraft in database 30 are stored in
database 32. As discussed below, an operator or user of the
simulation system 10 may add countermeasure dispensers to
or modify countermeasure dispensers of a particular aircraft.
Such additions or modifications to provide customized dis-
penser data can also be stored in the database 32, linked to a
particular aircraft 30 and analyzed by the present simulation
system and method. Storage device 14 and/or memory 16 also
includes a database 33 which stores data related to the aero-
dynamic characteristics of the dispensed objects—such as the
expendable countermeasures. These aerodynamic character-
istics include, but are not limited to, ejection velocity, mass
versus time profile, normal and axial force coefficients, and
pitch moment and damping coefficients. In an illustrated
embodiment, users may use an input device 20 to enter data
related to a desired aircraft, a desired dispenser, or a desired
object. This input data is stored in appropriate data files in
appropriate directories of aircraft database 30, dispenser
database 32 and/or object database 33. Therefore, this user-
created data may be used during future simulations to provide
customized results.

Storage device 14 and/or memory 16 also includes a tra-
jectory simulation software module 34. The trajectory simu-
lation software 34 calculates trajectories of the dispensed
countermeasures based on a plurality of input parameters
discussed in detail below. Storage device 14 and/or memory
16 may also include communication software 36 for commu-
nicating with other devices through communication network
interface 18. Storage device 14 and/or memory 16 may also
include two dimensional plotting software 38, three dimen-
sional plotting software 40 and animation software 42 which
creates visual representations of predicted countermeasure
trajectories from the results calculated by a trajectory simu-
lation software module 34 and displays the visual represen-
tations on display 24.

Operation of the aircraft countermeasure aerodynamic
simulation system and method is illustrated in FIG. 3. System
operation begins at block 50 with the creation of a run con-
figuration. The initial configuration of the system may be
done using input devices 20 along with the GUI display 24.
First, a particular aircraft is selected for the simulation as
illustrated at block 52. Next, a user defines flight conditions
for the aircraft as illustrated at block 54. For example, altitude
and speed is entered to define the flight conditions. When an
aircraftis selected, processor 12 accesses the aircraft database
30 and database 32 of countermeasure dispenser locations
and orientations. Therefore, the trajectory simulation soft-
ware knows the dispenser locations and orientations corre-
sponding to the selected aircraft for use in the trajectory
calculations.

If desired, the user can add or modify countermeasure
dispensers to the selected aircraft as illustrated at block 56.
These additions or modifications may be stored in the data-
base 32 and used by the trajectory simulation software 34
during calculations of the predicted countermeasure trajecto-
ries. Next, the user defines a dispense sequence for each of the
dispensers associated with the selected aircraft as illustrated
at block 58. Again, the trajectory simulation software 34 uses
the dispense sequence in the calculation of the predicted
countermeasure trajectories. Blocks 52, 54, 56 and 58 illus-
trate the configuration of the system. Once the system is
configured, the user executes the simulation as illustrated at
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block 60. As discussed below, the user may display the simu-
lation results in a variety of different ways as illustrated at
block 62. The simulation results may also be exported as a
data file, such as a text file, for example, for use as an input in
other simulations, such as missile fly out models, or aircraft
vs. missile engagement simulations, as illustrated at block 64.

Tustrative input parameters to the trajectory simulation
software 34 are shown in FIG. 4. As discussed above, the
trajectory simulation software 34 receives inputs indicating
the various dispenser locations on the aircraft as illustrated at
block 70 as well as the orientations of each dispenser relative
to the aircraft as illustrated at block 72. The dispenser loca-
tions 70 and orientations 72 may be retrieved from database
32 based on the selected aircraft or received as manual inputs
from the user as discussed below.

The trajectory simulation software 34 also receives inputs
indicating an inertial position of the aircraft as illustrated at
block 74 and data indicating an inertial heading for the air-
craft including yaw, pitch and roll as illustrated at block 76.
Trajectory simulation software 34 further receives an input
indicating the speed of the aircraft as illustrated at block 78. A
dispense sequence for the countermeasures from the dispens-
ers is also provided as an input parameter as illustrated at
block 80. Trajectory simulation software 34 may also receive
maneuver data inputs for simulating different aircraft maneu-
vers as illustrated at block 82. The user can also input wind
speed and direction, output time step, simulation total run
time, output units (English or Metric), and a coordinate sys-
tem for output data.

FIG. 5 provides illustrative examples of outputs created
using the results from the trajectory simulation software cal-
culations. Countermeasure trajectory calculations made by
the trajectory simulation software 34 may be stored in storage
device 14 and/or memory 16 and/or displayed on display 24
in a variety of manners using the 2-D plot software 38, the 3-D
plot software 40 or the animation software 42 as discussed in
more detail below. For example, the trajectory calculations
may be displayed as atwo dimensional plot calculated by 2-D
plot software 38 and displayed on display 24 as illustrated at
block 84. The countermeasure trajectories calculated by tra-
jectory simulation software 34 may also be displayed as a
three dimensional plot as calculated by 3-D plot software 40
and displayed on display 24 as illustrated at block 86. Alter-
natively, the trajectory calculations may be displayed as a 3-D
animation generated by animation software 42 and displayed
on display 24 as illustrated at block 88. The animation soft-
ware 42 may also display the results as a seeker view anima-
tion as illustrated at block 90. In the seeker view animation,
the aircraft and dispensed countermeasures are displayed
from the point of view of an approaching missile as discussed
below. Next, the calculated trajectories may be exported as an
output data file, 2-D plot, 3-D plot or animation as illustrated
at block 92. The output data file may be a text file, for
example, containing the trajectory simulation results which
can be used as an input to other simulations, such as missile
fly out models. The output data file may be stored to storage
device 14 or sent to another computing device using commu-
nication software 36 and network interface 18.

Operation of the aircraft countermeasure aerodynamic
simulation system and method in accordance with an illus-
trated embodiment of the disclosure is shown in more detail in
FIGS. 9-18. FIG. 9 illustrates an exemplary display and input
module displayed on display 24 which provides a graphical
user interface (GUI) for a user to provide input parameters for
the trajectory simulation software 34. An illustrated display
module 100 provided for configuring the simulation is shown
in FIG. 9. A user may select a particular aircraft for the
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simulation from a menu of possible aircraft at location 102.
Selection can be made in a conventional manner using a touch
screen, mouse, keyboard or other input device 20. In the FIG.
9 embodiment, only an F-14 aircraft is shown. However,
typically a plurality of different aircraft are stored in aircraft
database 30 and displayed on the menu 102 for selection by a
user. Of course, the user can also manually create a desired
aircraft data file which will then be available on the menu for
use the next time the system is run.

Other simulation variables are set using inputs at location
104. For example, the particular position reference system,
units of measure, output time step and a simulation run time
may be entered using the inputs at location at 104. A dispense
sequence for the various dispensers associated with the
selected aircraft may be adjusted using input devices 20 as
shown at location 106. The wind speed and direction for the
simulation may be adjusted at location 108.

As discussed above, when a particular aircraft is selected or
entered at block 102, trajectory simulation software 34
retrieves information related to the selected aircraft from
aircraft database 30 and from the database 32 containing
countermeasure dispenser locations and orientations for the
selected aircraft. In the illustrated embodiment of FIG. 9, the
selected aircraft includes two dispensers labeled as Dispenser
1 and Dispenser 2 in dispenser sequence selection area 106.
For other aircraft, a greater or lesser number of dispensers
may be used. The user can change the time that the dispensers
dispense their countermeasures by changing the information
in the table in display area 106. Rows can be added or deleted
so that a dispenser can dispense a plurality of countermea-
sures during the dispense sequence, if desired.

Next, the user sets initial conditions for the simulation by
selecting button 110 in FIG. 9 labeled “Initial Conditions”.
Selecting button 110 causes an aircraft initial condition dis-
play and input module 112 to be displayed on the GUI as
illustrated in FIG. 10. The user inputs an inertial position for
the aircraft at block 114. For example, the user may adjust X
and 'Y positions for the aircraft as well as the aircraft altitude
in block 114. The length unit used in the simulation may also
be changed as shown in FIG. 10. The user may adjust an
inertial heading for the aircraft as illustrated at block 116.
Different settings for yaw, pitch and roll of the aircraft may be
provided, if desired. Next, the user inputs the speed of the
aircraft at block 118. The user may also select the associate
speed unit of measure at block 118. Once the aircraft initial
conditions are set, the user selects the “OK” button 120 and
the initial conditions are stored in storage device 14 and/or
memory 16 for the particular simulation configuration.

The user can also input a particular maneuver or series of
maneuvers for the aircraft by selecting the “Maneuver” but-
ton 122 in FIG. 9. When the maneuver button 122 is selected,
display and input module 124 is displayed on the GUI display
24 as shown in FIG. 11. The user can set accelerations for the
aircraft body system in number of G force units in the X, Y
and Z directions using inputs at location 126. As discussed
below, the X direction sets roll, theY direction sets pitch and
the Z direction sets yaw. The user can also set a roll rate for the
aircraft using input 128, a start time for the maneuver using
input 130, and a stop time for the maneuver using input 132.
When the aircraft maneuver is set, the user clicks the “OK”
button 134 which stores the particular maneuver in storage
device 14 and/or memory 16 for use by the trajectory simu-
lation software 34.

The X, Y and Z axes relative to an aircraft used by the
trajectory simulation software 34 are shown in FIG. 12. The
nose of the aircraft is in the direction of the positive X axis,
while the tail of the aircraft is located in the —-X axis direction.

20

25

30

35

40

45

50

55

60

65

8

The right wing of the aircraft is along the positive Y axis and
the left wing of the aircraft is along the -Y axis. The Z axis
runs in a vertical direction through the aircraft, with the posi-
tive Z axis being directly downwardly. The roll of the aircraft
is rotation about the X axis, pitch of the aircraft is rotation
about the Y axis, and yaw of the aircraft is rotation about the
Z axis as illustrated in FIG. 12.

Once the simulation run configuration of FIG. 9 is com-
plete, the user selects the “OK” button 136 of FIG. 9 which
stores the configuration settings in storage device 14 and/or
memory 16 for use by the trajectory simulation software 34.
A user can also select to view dispenser locations for a
selected aircraft. FIG. 13 illustrates a dispenser view display
and input module 140 which is illustratively displayed on the
GUI display 24. An image is shown in area 142 of the display
screen. The image shows an aircraft 143 along with dispense
direction indicators 145 for each of the dispensers associated
with the selected aircraft. The user can select different dis-
pensers for highlighting at a dispenser selection area 144 of
the GUI display 24. The particular dispenser being high-
lighted in display area 142 is shown at location 146. By
selecting the associated arrows in selection area 144, the user
can scroll through the plurality of different dispensers asso-
ciated with the particular selected aircraft. The selected dis-
penser location and the dispense direction indicator may
either be displayed individually or simultaneously. An air-
craft 143 and dispense direction indicator 145 for Dispenser 1
are shown in area 142 in FIG. 13. When multiple dispense
direction indicators are displayed simultaneously, the dis-
pense direction indicator of the selected dispenser may be
highlighted in a different color to distinguish it from the
dispense direction indicators of the non-selected dispensers.

The user can change the viewing aspect of the images 143,
145 by changing the azimuth and elevation of the viewer
location at input area 148 of the GUI display 140. Changing
the azimuth and elevation will change the perspective of the
image shown in the display area of the aircraft 143 and the
dispense direction indicator 145.

The dispenser data associated with the selected dispenser
(Dispenser 1) is illustrated at region 150 of FIG. 13. For each
dispenser, the X, Y and Z locations are displayed using the
coordinate system shown in FI1G. 12. In addition, the azimuth
and elevation (orientation relative to the aircraft) of the par-
ticular dispenser is also shown in region 150. In the illustrated
example, Dispenser 1 of the selected F-14 aircraft is located
4.27 meters toward the tail of the aircraft, 0.19 meters toward
the left wing of the aircraft, and 0.312 meters above the
centerline of the aircraft. The azimuth angle is 90°, and the
elevation is —-90° which means the dispenser is pointed
straight down.

After the various input parameters discussed above are
entered, the user can execute the trajectory simulation soft-
ware 34 as illustrated at block 60 in FIG. 3. The trajectory
simulation software module 34 executes algorithms in accor-
dance with the following simulation software trajectory cal-
culation model.

Simulation Software Trajectory Model
Coordinate Systems

Coordinate systems used in this illustrated model are stan-
dard, right-handed systems. The positive axes and rotations
are defined following normal aerodynamics conventions. As
illustrated in FIG. 12, for example, a body coordinate system
of the type being described attached to an aircraft at its geo-
metric center would have the positive X axis extending out the
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nose, the positive Y axis extending out the right wing, and the
positive Z axis extending out the bottom of the aircraft, i.e.
downwardly. The positive rotations yaw, pitch, and roll are
defined using the standard right-hand rule. A positive rotation
is defined as the direction that the fingers of the right hand curl
when the thumb is pointed in the positive direction along the
axis of rotation. Therefore, for the aircraft example used
above, positive yaw is a positive rotation about the Z axis,
positive pitch is a positive rotation about the Y axis, and
positive roll is a positive rotation about the X axis. The order
ofrotation is also important. In the illustrated model, the order
of rotation is yaw, pitch, and then roll. This model utilizes two
coordinate systems of this type, an inertial system and a body
system. Aerodynamic forces are illustratively calculated in
the body coordinate system. The results of these acrodynamic
forces are calculated and the results transformed into the
inertial system.

Based upon the order of rotation just mentioned, the gen-
eral rotation matrix may be calculated as follows:

cos(iy) sin(y) 0O
R, =| —sin(yy) cos(y) 0O
0 0 1

Yaw Rotation Matrix
cos(@) 0 —sin(6)
Ry, = 0 1 0
sin(@) 0  cos()
Pitch Rotation Matrix

1 0 0
R.=|0 cos(p) sin(p)
0 —sin(p) cos(p)

Roll Rotation Matrix
Ry, 0, 9) =R Ry R,

General Rotation Matrix

The fact that the order of rotation is important is illustrated
mathematically by the order of the matrix multiplications in
the general rotation matrix equation and the fact that matrix
multiplication is not commutative. Multiplying a vector by
the general rotation matrix corresponds to transforming the
vector from the parent coordinate system to a new coordinate
system derived by rotating the parent system by the specified
yaw, pitch, and roll. If,; on the other hand, it is desired to
transform a vector in a coordinate system related to the parent
system by a given yaw, pitch, and roll back to the parent
coordinate system, the vector is multiplied by the inverse of
the general rotation matrix which in this illustrated embodi-
ment is the transpose of the matrix.

Equations of Motion The illustrated trajectory model uses
two state arrays, y and yd. The array yd represents the first
derivatives of y with respect to time. The following two
tables, Table 1 and Table 2, describe the elements of y and yd.
The fact that these state arrays express some state variables in
the inertial system and some in the body system requires that
certain conversions be performed as part of each time inte-
gration update. Two conversions of this type are disclosed.
The first conversion includes transforming the velocity com-
ponents from the body system (y[6], y[7], and y[8]) into the
inertial system. The results of this transformation are
assigned to yd[0], yd[ 1], and yd|2], respectively. The second
conversion includes transforming the body rotation rates
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expressed with respect to the body coordinate axes (y[9],
y[10], and y[11]) into yaw, pitch, and roll rates. The results of
this transformation are assigned to yd[3], yd[4], and yd[5].
The derivation of the equations for converting body rotation
rates to yaw, pitch, and roll rates will follow below.

TABLE 1
Coordinate
Element Description System Units
y[0] X Coordinate Inertial m
y[1] Y Coordinate Inertial m
y[2] Z Coordinate Inertial m
y[3] Yaw Angle Inertial rad
y[4] Pitch Angle Inertial rad
y[5] Roll Angle Inertial rad
y[6] X Velocity Body m/sec
y[7] Y Velocity Body m/sec
y[8] Z Velocity Body m/sec
y[9] Angular Rate about X axis Body rad/sec
y[10] Angular Rate about Y axis Body rad/sec
y[11] Angular Rate about Z axis Body rad/sec
TABLE 2
Coordinate
Element  Description System Units
yd[0] X Velocity Inertial nvs
yd[1] Y Velocity Inertial nvs
yd[2] Z Velocity Inertial nvs
yd[3] Yaw Angle Rate Inertial rad/s
yd[4] Pitch Angle Rate Inertial rad/s
yd[5] Roll Angle Rate Inertial rad/s
yd[6] X Acceleration Body m/sec?
yd[7] Y Acceleration Body m/sec?
yd[8] Z Acceleration Body m/sec?
yd[9] Angular Acceleration about X axis  Body rad/sec?
yd[10] Angular Acceleration aboutY axis  Body rad/sec?
yd[11] Angular Acceleration about Z axis  Body rad/sec?

The equations of motion which are the basis of the expend-
able countermeasure trajectory model implemented by the
trajectory simulation software 34 are formulated for a rigid
body with six degrees of freedom (6-DOF). Three of the
degrees of freedom relate to the translation of the body center
of gravity. The other three degrees of freedom relate to the
rotation of the body about its center of gravity. Note that while
translations are vector quantities, general rotations are not.
This is an important factor in the discussion of the equations
of motion below. Although the equations are for a 6-DOF
model, not all of the degrees of freedom are used in the
illustrated embodiment.

The expendable countermeasure trajectory input data file
determines whether three or five degrees of freedom are used.
Conventional pyrotechnic type expendables are illustratively
modeled using only three degrees of freedom because of the
lack of any rotational aerodynamic coefficient data. Expend-
able countermeasures with solid bodies for which rotational
aerodynamic coefficient measurements can be made are illus-
tratively modeled using five degrees of freedom. The degree
of freedom that is omitted in the illustrative embodiment is
the roll due to the lack of roll moment data for the expendable.
If such roll moment data is available, relatively minor
changes to the software may be made to implement the roll
capability.

The trajectory model expresses the rates of change of the
expendable’s motion vectors in the flare body-fixed coordi-
nate system. This is not to say, for example, that the velocity
is measured in the body coordinate system since the velocity
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of a body cannot be measured with respect to itself. The
model represents rates of change of motion variables using
the basis vectors of the body coordinate system. These basis
vectors are defined in the parent inertial coordinate system.
The question then becomes how to determine an absolute rate
of'change for a quantity expressed in some coordinate system
that is rotating relative to the inertial system. The following
description provides an answer to this question.

Let XYZ be an inertial coordinate system and X'Y'Z' be a
coordinate system which has the same origin as XYZ. In
addition, assume that X'Y'Z' rotates about its origin with
angular velocity Q. Unlike the general rotations mentioned
earlier, Q is a vector quantity because infinitesimal rotations
are vector quantities. Thus ©Q can be written as (24, Qy, €2.)
where €2,is the instantaneous rotation rate of X'Y'Z' about X,
Q2,1s the instantaneous rotation rate of X'Y'Z' aboutY, and €2,
is the instantaneous rotation rate of X'Y'Z' about Z.

Let A be a vector written in terms of the basis vectors of the
rotating system X'Y'Z'.

() -

the time rate of change of A if the rotation of X'Y’Z’ is ignored

Then the time rate of change of A as viewed from XYZ is
given by the following equation:

dA (dZ (2.2-1)

— = OxA
dt ]+X

i)

Equation 2.2-1 gives the absolute rate of change of A with
respect to the inertial system. However, the rate of change is
expressed in the rotating coordinate system. The cross prod-
uct term from the right side of equation 2.2-1 results from the
rotation of X'Y'Z'. As in this example, the subscript r indicates
the rate of change of a vector expressed in terms of a rotating
system which ignores the rotation of the system.

The following is used at various locations in the remainder
of the description of the trajectory motion model. Absolute
rates of change expressed in the body coordinate system are
calculated using equation 2.2-1. Otherwise, the laws of clas-
sical dynamics cannot be applied. The letters U, V, and W
refer to the X, Y, and Z axes of the flare’s body coordinate
system. The subscripts u, v, and w are used to indicate the
components of a vector along U, V, and W.

The model of the flare’s motion primarily consists of two
vector equations. One equation governs translations, and the
other equation governs rotations.

_ d*(ro) (2.2-2)
F :m( dr )
—_ di (2.2-3)

All the quantities in equations 2.2-2 and 2.2-3 are
expressed in the body coordinate system. F=(F, F , F, ) rep-
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resents the external forces acting upon the center of gravity of
the flare, m is the mass of the flare, and

4 (7o)
dr

is the absolute acceleration vector of the center of gravity of
the flare. The vector M=(M,,, M,, M, ) represents the external
moments applied to the flare, and the vector

represents the absolute rate of change of the flare’s angular
momentum.

Let V=(u, v, w) be the absolute velocity vector of the flare
in the body coordinate system, and Q=(p, q, r) be the angular
velocity of the body coordinate system.

& (7o) (d*] axv
az \ar ),

(dV] du dv dw
dr ,_(E’ dr’ E]

Equation 2.2-4 follows directly from applying equation
2.2-1. Equation 2.2-5 gives the acceleration vector of the flare
ignoring the rotation of the body coordinate system.

(2.2-4)

(2.2-5)

(2.2-6)

=

=(gw— I+ (ru— pw)}' +(pv— qu)/Ac

=]
X
<
1}
~
=R~
~

=

Combining the results from equations 2.2-4, 2.2-5, and
2.2-6 and substituting into equation 2.2-2 yields the following
equations:

d -
F,= m(—d? +gw— rv] 227
dv (2.2-8)
F, = m(_dt +ru— pw]
(2.2-9)

The external force vector, (F,, F,, Fy;), consists of two
types of forces, gravitational and aerodynamic. G can be
resolved along the coordinate axes of the body coordinate
system. This results in the expression G=(G,, G,, G,). If
FA=(FA,, FA , FA)) represents the external aerodynamic
forces, then the translational equations of motion are as fol-
lows:

d -
FA, = m(—u +gw—rv— Gu] (22-10)

dt

d -
FA, =m(d?‘; +ru—pw—Gv] 2210
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d -
FAW=m(d%:+pv—qu—Gw] (2.2-12)

The model does not use the translational equations of
motion in the form given above. To obtain the form used in the

model, solve equations 2.2-10, 2.2-11, and 2.2-12 for

du dv d dw
a0 dc ™ ar

This yields the following equations:

du FA, (2.2-13)
I gw+rv+ Gy
dv  FA, .
—V = —ru+pw+ G, 2214
dt m
dw FA, .
i queG, (2.2-15)
dt m

Next is the derivation of equation 2.2-3.

Hol [he hw la] [P (2.2-16)

The 3x3 matrix in equation 2.2-16 contains the products of

inertia and the moments of inertia for the flare. The elements
Lo Ly ana Lo are the moments of inertia. The remaining
elements are products of inertia. Since the body coordinate
system is being used, all of the elements of this matrix are
constant. Because of the symmetry of the expendable coun-
termeasure, it is reasonable to assume that the body reference
system constitutes a set of principal axes (that is, all products
of inertia with respect to this system are zero). This results in
the simplification of equation 2.2-16 which follows.

H, Ly 00 p (22-17)
H=|H,|=|0 I, 0 q

H, 0 0 Ly r
Hy = lyp (2.2-18)
H, =1.q (2.2-19)
Hyy = howr (2.2-20)

To calculate
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(dﬁ] _(dHu dH, dHW] (2.2-22)
dr /. \dr > dr’ dr

i, _, dp (2.2-23)
dr ~ " dr

dH, _1 dq (2.2-24)
dr Wdr

dH,, _ dr (2.2-25)
dr ™ dr

To calculate QxH, one must again evaluate a determinant.

(2.2-26)

OxH=| p q r
Lap Iwg howr

= (o = bw)gr? + (g = L) prY + (b — L) pak

Using equations 2.2-22 through 2.2-26 to substitute into

5 equation 2.2-21 gives equations 2.2-27 through 2.2-29.

dp (2.2-27)
M, = qum + (how — Ii)gr
dg (2.2-28)
My =1y — + (L — :
v =l + Ly = Low) pr
(2.2-29)

dr
My = T (Iw = Lu)pq

The equations used in the model follow from the previous

three equations by solving for

dp dg dr
a4 dr ™ G

The rotational equations of motion used by the model are

listed below.

dp _ My = U= Lngr (2.2-30)
dr L
dq _ My = (uu = blpr (2.2-31)
dr Iy
dr M, - (= lLu)pg (2.2-32)

dr T

Equations 2.2-13, 2.2-14, 2.2-15, 2.2-30, 2.2-31, and 2.2-
32 together form a system of differential equations. The
model then derives a second system of differential equations
o DY expressing the solutions for equations 2.2-13, 2.2-14, and
2.2-15 in terms of the inertial coordinate system and the
solutions for equations 2.2-30, 2.2-31, and 2.232 in terms of
time rates of change of yaw, pitch, and roll. For the solutions
to equations 2.2-13,2.2-14, and 2.2-15 this is simply a matter

(22-21) 45 of applying the general rotation matrix. However, the case is

not so simple for the solutions to equations 2.230, 2.2-31, and

2.2-32.
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Although
dy do de
drde T dar

are vector quantities and form a set of basis vectors for Q, they
do not form an orthogonal basis for Q. This is to be expected
because yaw, pitch and roll are not independent. FIG. 6 illus-
trates the use of Euler angular velocity vectors to resolve

dy do
a0 ar ™

de
dar

onto the body coordinate axes.

The results of resolving

dy do
ar ar ™

de
dr

onto the body coordinate axes are given by the following
equations:

de dy
p= i Esm(@)

L L
g = -cos(y) + —cos(@)sin(p)

_ dy P dae .
r= ECOS( cos(p) — Esm(g@)

If these equations are solved for

dy do
ar ar ™

de
dr’

then the equations 2.2-33, 2.2-34 and 2.2-35 are obtained as
follows:

ﬂ _ reos(p) + gsin(p) (2.2-33)
dr ~ cos(8)

&r e (2.2-34)
ar = gcos(yp) — rsin(p)

% = p + (rcos(¢) + gsin(p))tan() (22-35)

The illustrative trajectory model uses the equations above
with the exception of equation 2.2-35. For computational
efficiency, the illustrative trajectory model replaces equation
2.2-35 with the equivalent equation 2.2-36.

de

dt

o dy (2.2-36)
=p+ Esm(@)
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The illustrative trajectory model uses the following three
aerodynamic coefficients to calculate the external aerody-
namic forces and the external moments acting upon the flare:

C =Coefficient of total axial force.
Cy=Coefficient of total normal force.

Cyy,=Total moment coeflicient for p=q=1=0.

These coefficients are functions of both mach number and
total angle of attack (AoA). The following is a set of defini-
tions relevant to the illustrative trajectory model as illustrated
in FIG. 7. The illustrated expendable countermeasure is a
flare 125.

cg=Center of gravity of the flare.
V=Flare velocity vector (u,v,w).
a=Pitch AoA,/between u and u+w.
B=Yaw AoA,/between u and u+v.

T'=Total AoA,Zbetween u and V.

The incidence plane is the plane defined by the vectors U
and V. The total moment and the normal force act in the
incidence plane. The vectors representing the total moment
and the normal force originate at the center of gravity of flare
125.

To write the equations for the external forces and moments,
one will need the following definitions:

V=|V|
p = Atmospheric density.
S = reference area of the flare.

D = Diameter of the flare.

1
Q= EpV2 (dynamic pressure)

LetF,,,,../~(0, FA , FA ) represent the aerodynamic normal
force acting upon the flare. Then, Fy;,,,,,; Will be in the VW-
plane and will have the opposite direction as the projection of
V into the VW-plane, V.. Using the coefficient of aerody-
namic normal force and resolving this normal force along the
V and W axes, gives equations 2.2-38 and 2.2-39. Since the
aerodynamic axial force is directed along the negative U-axis,
equation 2.2-37 follows from an application of the coefficient
of'aerodynamic axial force.

Reference is now made to the diagram shown in FIG. 8. In
FIG. 8, the nose of the flare 125 is pointing up out of the page
from the origin of the diagram.

FA,=-C,QS (2.2-37)
Fd,=Cysin() QS (2.2-38)
Fd,,=-Cycos(W)OS (2.2-39)

The derivation for the external moments is more involved.
To begin, assume that the angular rates p, q, and r are all zero.
Because of the nature of the flare, it is also assumed that the
roll moment about the U-axis is zero. Therefore, the total
moment vector is

M=(0.M,.M,,).
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The vector M is perpendicular to the incidence plane. Thus,
there exists and angle 6 such that A+6=n/2. Resolving M
along the body coordinate axes gives the following equations:

M, =0 (2.2-40)
M,=Ciy,sin(6)QSD (2.2-41)
M, ==Cyy, c05(0)0SD (2.2-42)

It is more convenient to have equations 2.2-40, 2.2-41, and
2.2-42 expressed in terms of A rather than 6. To accomplish
this, substitute 6=mn/2-A and simplify using trigonometric
identities. This results in the following equations:

M, =0 (2.2-43)
M,=Cyz,cos(\)OSD (2.2-44)
M,,=~Cyg,sin(R)QSD (2.2-45)

The terms C,, cos(M) and ~C,,, sin(r) are the pitch moment
and yaw moment coefficients for p=q=r=0 respectively.

For the model to be useful, moment coefficients are calcu-
lated for angular rates that are not zero. To accomplish this,
two additional assumptions are made. First, for fixed mach
and fixed total angle of attack, the pitch moment coefficient is
afunction of q. Second, for fixed mach and fixed total angle of
attack, the yaw moment coefficient is a function of r. This
allows both the pitch moment coefficient and the yaw moment
coefficient to be approximated by a Taylor polynomial in q
and r respectively. The illustrated trajectory model uses a first
degree polynomial in each case.

In missile aecrodynamics, the first partial derivative of the
pitch moment coefficient with respect to q is not measured.
Rather, the first partial derivative of the pitch moment coef-
ficient is measured with respect to

2o

Likewise, the first partial derivative of the yaw moment coef-
ficient is measured with respect to

D
r—.
2V

The model calculates the first partials with request to q and r
by multiplying by the factor

S

Because of the symmetry of the flare, the two partial deriva-
tives referred to above are equal.

Inserting these Taylor approximations into equations 2.2-
44 and 2.2-45 gives the following equations for external
moments:

M, =0 (2.2-43)

M, = [Cuycos(d) + CMO,(%)Q]QSD (2.2-47)
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-continued
B . : D (2.2-48)
M, = [—CMO sin(A) + CMﬁ(ﬁ)r]QSD
Cu, = ——(Cueos() (22-49)
Olg—
(qzv
Cug = —5—(Carsin) (2.2-30)
o)
oV

Next, the illustrated trajectory model solves the two sys-
tems of differential equations described earlier using the
fourth order Runge-Kutta algorithm. This updates the motion
of'the flare by one time step. Finally, the illustrated trajectory
model converts the data back to the inertial coordinate sys-
tems for use elsewhere in the flare model. This trajectory data
is stored in storage device 14 and/or memory 16 for further
processing by the 2-D plot software module 38, the 3-D plat
software module 40, or the animation software module 42 as
discussed below. The trajectory data may also be exported for
use in other simulation models as discussed herein.

Once the simulation is executed, the user may view the
simulation results in a plurality of different ways as illustrated
in FIG. 5. When the 2-D trajectory plot option is selected, the
two dimensional (2-D) plot software 138 processes output
data from the trajectory simulation software 34 to produce a
2-D plot display and input module 152 shown in FI1G. 14. The
2-D plot trajectory is displayed in region 154. The 2-D plot
illustratively shows the movement of aircraft along line 156
and the movement of the dispensed countermeasure or decoy
along line 158. The 2-D plot module 152 allows the user to
change the bottom axis of the plot at selection area 160 and to
change the left axis of the plot at selection area 162. The user
can change the items to be plotted at input area 164 and set the
positionreference system at input area 166. The user may also
select the units of measure at input area 168. The user may
exit the 2-D plot module 152 by selecting the “Exit” button
170. In one illustrated embodiment, the disclosed system may
be implemented in C++for example. Illustratively, the 2-D
charts like the one in FIG. 14 may be implemented using chart
software.

When a user selects to display a three dimensional (3-D)
trajectory plot, 3-D plot software 40 processes output data
from the trajectory simulation software 34 to generate the 3-D
trajectory plot display and input module shown in FIG. 15.
The 3-D plot module 172 is illustratively displayed on the
GUI display 24. The three dimensional trajectory plot is dis-
played in region 174. Illustratively, the trajectory of the air-
craft is shown along line 176 and the trajectory of the dis-
pensed countermeasure is shown along line 178. The user
may control the zoom, rotation, and elevation of the 3-D
trajectory plot using controls 180, 182 and 184, respectively.
The user may adjust which items are displayed on the 3-D
trajectory plot at input location 186. The user may adjust the
units of measure at location 188. The user can exit the 3-D
trajectory plot module 172 by selecting the “Exit” button 190.
Tlustratively, the 3-D charts like the one shown in FIG. 15
may be implemented using chart software.

When the user selects to view a 3-D animation of the
simulation results, animation software 42 processes the out-
put data from trajectory calculation software 34 to provide
3-D animation display and input module 192 shown in FIG.
16. The 3-D animation module 192 is illustratively displayed
on GUI display 24. An animated movie showing the simula-
tion is shown in region 194. The user may change the viewing
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aspect including azimuth, elevation and range using inputs at
location 196. The user may change the speed ofthe animation
using input 198. The animation is controlled using a
“Rewind” button 200, a “Play” button 202, a “Pause” button
204, a “Stop” button 206, a “Fast Forward” button 208, and a
“Record” button 210. If the “Record” button 210 is selected
the animation software 42 saves the animation as an audio/
video interleave file (AVI), or suitable other file format for use
in other applications. For instance, the video may be saved
and used in a subsequent presentation regarding the results of
the simulation for the particular aircraft and dispenser con-
figurations.

The animation software 42 may also provide a seeker view
display and input module 212 by processing output data gen-
erated by the trajectory simulation software 34. The seeker
view module 212 is illustratively displayed on the GUI dis-
play 24 as illustrated in FIG. 17. Similar to FIG. 16, an
animation is displayed at location 214 of the display module
212. In the seeker view embodiment, the animation is played
from the point of view of a missile approaching the aircraft
143. The aircraft is a target and the field of view or camera
location changes as the missile approaches the target aircraft.
The field of view settings can be changed by selecting button
216 and then making adjustments in area 218. The speed of
the missile can be set by selecting the “Intercept” button 220.
The location of the cross hairs shown in the animation can be
changed by selecting the “Track Point” button 222. After
selecting the “Track Point” button 222, the user can move the
cross hairs (+) to a particular target location on the aircraft and
that location will then be displayed in region 214 as the center
of' the target. Speed control and playback control buttons are
also shown in FIG. 17 similar to FIG. 16 above. Specifically,
the seeker view animation is controlled using a “Rewind”
button 226, a “Play” button 228, a “Pause” button 230, a
“Stop” button 232, a “Fast Forward” button 234, and a
“Record” button 236. If the “Record” button 236 is selected
the animation software 42 saves the seeker view animation as
an audio/video interleave file (AVI), or suitable other file
format, for use in other applications.

In an illustrated embodiment, the animation software mod-
ule 42 used to display the animation described above with
reference to FIGS. 16 and 17 may include a graphics library
and graphics application software.

If the user selects to add or modify the countermeasure
dispensers at block 36 of FIG. 3 above, the dispenser modi-
fication software 35 generates a dispenser display and edit
module 240 shown in FIG. 18. The dispenser edit module 240
is illustratively displayed on GUI display 24. The particular
aircraft 143 and dispense direction indicators 145, 147 are
displayed in area 242 similar to area 142 shown in FIG. 13.
Also similar to FIG. 13, the user can make a dispenser selec-
tion by selecting arrows in region 244. The particular dis-
pense direction indicator 147 being highlighted in the image
242 is shown at location 246 (Dispenser 1). The user may
change the viewing aspect of image using inputs at location
248. The user can zoom in or out on the displayed image using
“Zoom Control” 250.

The dispenser data for Dispenser 1 is illustrated at location
252. The dispenser data may be modified by entering new
values. In FIG. 18, the user has selected to modify Dispenser
1 compared to its position shown in FIG. 13. The viewer has
also changed the viewing aspect using controls 240 compared
with the view in FIG. 13 so that the azimuth is 130° and the
elevation is 0. As shown in FIG. 18, the user has moved
Dispenser 1 to a location positioned 8.640 meters towards the
nose of the aircraft, 0.762 meters toward the right wing of the
aircraft, and 0.064 meters above the centerline of the aircraft.
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The azimuth of Dispenser 1 is oriented at 50° and the eleva-
tion is —=35° as shown at location 252 in FIG. 18. It is under-
stood that these values for the X position, Y position, Z
position, azimuth and elevation may be adjusted to any
desired position by the user. Once the changes are made, the
user can store the changes for the particular dispenser in the
database 32 for use by the trajectory simulation software 34.
As discussed above, additional dispensers may also be added
to the particular aircraft using the dispenser edit module 248.
When the dispensers are added, the user inputs dispenser data
in region 252 for the new dispenser. New predicted dispense
direction indicators similar to dispense direction indicators
145, 147 are then displayed in area 242.

While this disclosure has been described as having exem-
plary designs and embodiments, the present invention may be
further modified within the spirit and scope of this disclosure.
This application is therefore intended to cover any variations,
uses, or adaptations of the disclosure using its general prin-
ciples. Further, this application is intended to cover such
departures from the present disclosure as come within known
or customary practice in the art to which this disclosure per-
tains.

The invention claimed is:

1. A method implemented on a computing device for simu-
lating trajectories of objects dispensed from a moving air-
craft, the computing device having a processor capable of
accessing a memory and at least one input device, the method
comprising:

storing object dispenser data in a database in the memory of

the computing device, the object dispenser data includ-
ing locations and orientations of object dispensers
linked to an aircratft;

receiving input data from an input device to select an air-

craft for the simulation;

retrieving object dispenser data from the database stored in

the memory of the computing device to determine a
location and an orientation of at least one object dis-
penser relative to the selected aircraft;
receiving input data from the input device to define flight
conditions for the aircraft, the flight conditions includ-
ing an inertial position in an inertial coordinate system,
an inertial heading, and a flight speed of the aircraft;

receiving input data from the input device to define an
object dispense sequence for the at least one object dis-
penser; and

calculating a trajectory for each object dispensed from the

at least one object dispenser using the processor of the
computing device.

2. The method of claim 1, wherein the computing device
further includes a display, and the method further comprising
displaying a representation of the calculated trajectory of the
at least one dispensed object on the display.

3. The method of claim 2, wherein the representation of the
calculated trajectory of the at least one dispensed object is
displayed on the display as a two dimensional plot.

4. The method of claim 2, wherein the representation of the
calculated trajectory of the at least one dispensed object is
displayed on the display as a three dimensional plot.

5. The method of claim 2, wherein the representation of the
calculated trajectory of the at least one dispensed object is
displayed as an animation on the display showing relative
movement of the at least one dispensed object with respect to
the aircraft.

6. The method of claim 5, further comprising receiving
input data from the input device to adjust a viewing aspect of
the animation shown on the display.
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7. The method of claim 1, further comprising receiving
input data from the input device to modify at least one of a
location and an orientation of an object dispenser relative to
the aircraft.

8. The method of claim 7, wherein the location of the object
dispenser is modified by changing its location along X, Y and
Z axes of the aircraft.

9. The method of claim 8, wherein the location of the object
dispenser is also modified by changing the azimuth and the
elevation of the dispenser relative to the aircraft.

10. The method of claim 7, further comprising storing the
modified dispenser location and orientation in the database in
the memory of the computing device linked to the selected
aircraft.

11. The method of claim 1, further comprising receiving
input data from the input device to add at least one additional
object dispenser at a new location and orientation relative to
the aircraft.

12. The method of claim 11, further comprising storing the
at least one additional object dispenser location and orienta-
tion in the memory of the computing device linked to the
selected aircraft.

13. The method of claim 1, wherein the dispensed object is
an expendable countermeasure.

14. The method of claim 13, wherein the dispensed object
is an infrared flare.

15. The method of claim 1, wherein the dispensed object is
one of a bomb and a sonobuoy.

16. The method of claim 1, further comprising transmitting
the calculated trajectory of the at least one dispensed object to
another computing device.

17. The method of claim 1, further comprising receiving
maneuver data representing an aircraft maneuver to be
executed during the simulation from the input device, the
maneuver data including acceleration of the aircraft along an
X axis, a’Y axis, and a Z axis.

18. The method of claim 17, wherein the maneuver data
further includes a roll rate for the aircraft maneuver, a start
time for the aircraft maneuver, and a stop time for the aircraft
maneuver.

19. The method of claim 1, further comprising receiving
input data from the input device to set a wind speed before
calculating the trajectory of the at least one dispensed object.

20. The method of claim 1, further comprising receiving
input data from the input device to set a position reference
system for the simulation.

21. The method of claim 20, wherein the position reference
system is one of an inertial reference system, a drop point
reference system, and an aircraft body reference system.

22. The method of claim 1, wherein the inertial position of
the aircraft includes an X axis position, aY axis position, and
an altitude of the aircraft.

23. The method of claim 1, wherein the inertial heading
includes yaw, pitch and roll of the aircraft relative to the Z
axis, Y axis and X axis of the aircraft, respectively.

24. The method of claim 1, wherein the trajectory of the at
least one dispensed object is calculated in the same inertial
coordinate system used to define the flight conditions of the
aircraft.

25. The method of claim 1, wherein the object dispense
sequence sets the number of objects to be dispensed from
each object dispenser during the simulation.

26. The method of claim 25, wherein the object dispense
sequence also sets the timing for dispensing the objects from
each object dispenser.
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27. The method of claim 1, wherein the trajectory of each
dispensed object is calculated using a trajectory model for-
mulated for a rigid body with at least five degrees of freedom.

28. The method of claim 1, wherein the dispensed object is
a projectile launched from the object dispenser.

29. The method of claim 1, wherein the dispensed object is
gravity fed from the object dispenser.

30. The method of claim 1, wherein the calculating step
calculates trajectories for objects dispensed from a plurality
of different object dispensers on the selected aircraft.

31. The method of claim 1, further comprising displaying a
dispense direction indicator for a plurality of objects dis-
pensed from the at least one object dispenser on the selected
aircraft based on the calculated trajectories for the plurality of
dispensed objects.

32. A system for simulating trajectories of objects dis-
pensed from a moving aircraft, the system comprising:

a display;

at least one user input device;

a processor operatively coupled to the display and the at

least one input device;

a memory accessible by the processor;

an object dispenser database stored in the memory, the

object dispenser database including object dispenser

data indicating locations and orientations of a plurality

of object dispensers linked to a plurality of aircraft; and

trajectory simulation software stored in the memory for
execution by the processor, the trajectory simulation
software including:

a first processing sequence for generating a graphical
user interface to select an aircraft for the simulation;

a second processing sequence for retrieving object dis-
penser data from the database stored in the memory to
determine a location and an orientation of at least one
object dispenser relative to the selected aircraft;

a third processing sequence for generating a graphical
user interface to define flight conditions for the air-
craft, the flight conditions including an inertial posi-
tion in an inertial coordinate system, an inertial head-
ing, and a flight speed of the aircraft;

a fourth processing sequence for generating a graphical
user interface to define a object dispense sequence for
the at least one object dispenser; and

a fifth processing sequence for calculating a trajectory
for each object dispensed from the at least one object
dispenser.

33. The system of claim 32, further comprising a display
software module stored in the memory for execution by the
processor, the display software including a processing
sequence to display a representation of the calculated trajec-
tory of the at least one dispensed object on the display.

34. The system of claim 33, wherein the display software
module displays the representation of the calculated trajec-
tory of the at least one dispensed object on the display as atwo
dimensional plot.

35. The system of claim 33, wherein the display software
module displays the representation of the calculated trajec-
tory of the at least one dispensed object on the display as a
three dimensional plot.

36. The system of claim 33, wherein the display software
module displays the representation of the calculated trajec-
tory of the at least one dispensed object as an animation on the
display showing relative movement of the at least one dis-
pensed object with respect to the aircraft.

37. The system of claim 32, wherein the trajectory simu-
lation software further includes another processing sequence
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for generating a graphical user interface to modify at least one
of'alocation and an orientation of an object dispenser relative
to the aircraft.

38. The system of claim 37, wherein the location of the
object dispenser is modified by changing its location along X,
Y and Z axes of the aircraft.

39. The system of claim 37, wherein the orientation of the
object dispenser is also modified by changing the azimuth and
the elevation of the dispenser relative to the aircraft.

40. The system of claim 37, wherein the trajectory simu-
lation software further includes another processing sequence
for storing the modified dispenser location and orientation in
the database in the memory of the computing device linked to
the selected aircraft.

41. The system of claim 32, wherein the trajectory simu-
lation software further includes another processing sequence
for generating a graphical user interface to add at least one
additional object dispenser at a new location and orientation
relative to the aircraft.

42. The system of claim 41, wherein the trajectory simu-
lation software further includes another processing sequence
for storing the at least one additional object dispenser location
and orientation in the memory of the computing device linked
to the selected aircraft.

43. The system of claim 32, wherein the dispensed object is
an expendable countermeasure.

44. The system of claim 43, wherein the dispensed object is
an infrared flare.

45. The system of claim 32, wherein the dispensed object is
one of a bomb and a sonobuoy.

46. The system of claim 32, wherein the trajectory simu-
lation software further includes another processing sequence
for transmitting the calculated trajectory of the at least one
dispensed object to another computing device.

47. The system of claim 32, wherein the trajectory simu-
lation software further includes another processing sequence
for generating a graphical user interface to input maneuver
data representing an aircraft maneuver to be executed during
the simulation, the maneuver data including acceleration of
the aircraft along an X axis, a' Y axis, and a Z axis.

48. The system of claim 47, wherein the maneuver data
further includes a roll rate for the aircraft maneuver, a start
time for the aircraft maneuver, and a stop time for the aircraft
maneuver.

49. The system of claim 32, wherein the trajectory simu-
lation software further includes another processing sequence
for generating a graphical user interface to set a wind speed
before calculating the trajectory of the at least one dispensed
object.

50. The system of claim 32, wherein the trajectory simu-
lation software further includes another processing sequence
for generating a graphical user interface to set a position
reference system for the simulation.

51. The system of claim 50, wherein the position reference
system is one of an inertial reference system, a drop point
reference system, and an aircraft body reference system.
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52. The system of claim 32, wherein the inertial position of
the aircraft includes an X axis position, a Y axis position, and
an altitude of the aircraft.

53. The system of claim 32, wherein the inertial heading
includes yaw, pitch and roll of the aircraft relative to the Z
axis, Y axis and X axis of the aircraft, respectively.

54. The system of claim 32, wherein the trajectory of the at
least one dispensed object is calculated in the same inertial
coordinate system used to define the flight conditions of the
aircraft.

55. The system of claim 32, wherein the object dispense
sequence sets the number of objects to be dispensed from
each object dispenser during the simulation.

56. The system of claim 55, wherein the object dispense
sequence also sets the timing for dispensing the objects from
each object dispenser.

57. The system of claim 32, wherein the trajectory simu-
lation software calculates the trajectory of each dispensed
object using a trajectory model formulated for a rigid body
with at least five degrees of freedom.

58. The system of claim 32, wherein the dispensed object is
a projectile launched from the object dispenser.

59. The system of claim 32, wherein the dispensed object is
gravity fed from the object dispenser.

60. The system of claim 32, wherein the fifth processing
sequence calculates trajectories for objects dispensed from a
plurality of different object dispensers on the selected air-
craft.

61. The system of claim 32, wherein the trajectory simu-
lation software further includes another processing sequence
for determining a displaying a dispense direction indicator for
a plurality of objects dispensed from the at least one object
dispenser on the selected aircraft based on calculated trajec-
tories for the plurality of dispensed objects.

62. A computer program product comprising a non-transi-
tory computer usable medium having a computer readable
program code embodied therein, the computer readable pro-
gram code being adapted to be executed to implement a
method for simulating trajectories of objects dispensed from
a moving aircraft, said method comprising:

a first processing sequence for generating a graphical user

interface to select an aircraft for the simulation;

a second processing sequence for retrieving object dis-
penser data from a database to determine a location and
an orientation of at least one object dispenser relative to
the selected aircratft;

a third processing sequence for generating a graphical user
interface to define flight conditions for the aircraft, the
flight conditions including an inertial position in an iner-
tial coordinate system, an inertial heading, and a flight
speed of the aircraft;

a fourth processing sequence for generating a graphical
user interface to define an object dispense sequence for
the at least one object dispenser; and

a fifth processing sequence for calculating a trajectory for
each object dispensed from the least one object dis-
penser.



