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ABSTRACT 

A Weapon ?yout simulation method, system, and computer 
program product, includes modeling a target as a plurality of 

Assignee: AAI Corporation, Hunt Valley, ellipsoidal Zones corresponding to a plurality of Zones on the 
MD (Us) target, and performing hit/miss assessment on the target by 

determining if said trajectory of the Weapon interferes With at 
Appl, No.1 11/987,628 least one of said plurality of ellipsoids. 
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APPARATUS, METHOD AND COMPUTER 
PROGRAM PRODUCT FOR WEAPON 
FLYOUT MODELING AND TARGET 

DAMAGE ASSESSMENT 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a non-provisional application 
and claims the bene?t under 35 U.S.C. § 119(e) of US. 
Provisional Application No. 60/872,064, Atty. Docket No. 
13346-239106, ?led Dec. 1, 2006, entitled “Weapon Flyout 
& Damage Assessment Modeling” to Jaklitsch et al., of com 
mon as signee to the present application, the contents of Which 
are incorporated herein by reference in their entirety. 

BACKGROUND 

[0002] 1. Field 
[0003] The present invention relates generally to Weapon 
simulators and more particularly to modeling Weapon ?yout 
modeling and assessment of target damage. 
[0004] 2. RelatedArt 
[0005] While modern simulation systems use extremely 
detailed visual models, these graphics entities are not Well 
suited for mathematically determining Whether a projectile of 
a Weapon such as a missile having been ?red at a target 
aircraft has physically hit the target aircraft. Most existing 
simulations model the simulated aircraft as a point in space, 
With the visual graphics rendered about the point, in an appro 
priate attitude. Impact is typically estimated probabilistically, 
based on proximity to the point target. Alternatively, any 
projectile that passes Within a ?xed radius may be declared as 
a “Hit” (i.e., target geometry is contained Within a sphere). 
[0006] One of the issues associated With performing an 
accurate assessment of a Hit or Miss engagement on an air 
borne target, With a missile or ballistic projectile, is the 
extremely high rate of motion involved in the scenario. In the 
engagement of a super-sonic aircraft With a hypersonic pro 
jectile or missile, the rate of closure betWeen the tWo objects 
could easily reach Mach 5 (5500 ft/ sec). At such rates, the 
time increment used for digital simulation is far too coarse to 
accurately assess if an impact has occurred. For example, if 
the simulation is running at a 30 HZ update rate (33.000 ms 
period), the objects may experience 183 ft of relative motion 
betWeen tWo adjacent updates. Thus, the missile or the pro 
jectile of the missile could pass clear through the body of the 
aircraft from one sample rate to the next, Without the inter 
ference test at each sample in time revealing that a collision 
had actually occurred. 
[0007] What is needed is a Hit/Miss assessment model that 
overcomes the limitations of the conventional Hit or Miss 
engagement on an airborne target. 

SUMMARY OF THE INVENTION 

[0008] An exemplary system, method and computer pro 
gram product for Weapon ?yout modeling, hit/miss assess 
ment, and target damage assessment is disclosed herein, 
according to an exemplary embodiment. 
[0009] In an exemplary embodiment of the invention, there 
may be provided a Weapon ?yout simulation method, Which 
may include: modeling a target as a plurality of ellipsoidal 
Zones corresponding to a plurality of Zones on the target; and 
determining Whether a trajectory of a Weapon interferes With 
at least one of the plurality of ellipsoids. 

Aug. 28, 2008 

[0010] In an exemplary embodiment, the Weapon ?yout 
simulation method may further include determining Whether 
the Weapon has reached a closest point of approach of the 
target. In an exemplary embodiment, the determining if a 
closest point of approach of the target has been reached may 
include: determining a relative position of the target With 
respect to the Weapon; calculating an engagement closure 
state for the Weapon based on the relative position; comparing 
the engagement closure state to a previous engagement clo 
sure state; and denoting that the closest point of approach has 
been reached based on a change in the engagement closure 
state. 

[0011] In an exemplary embodiment, the step of determin 
ing if the trajectory of the Weapon interferes With at least one 
of the plurality of ellipsoidal Zones, according to the Weapon 
?yout simulation method of the invention, may include: com 
puting an elliptical magnitude at the point of closest approach 
based on parameters relating to the at least one ellipsoidal 
Zone; and determining Whether the trajectory of the Weapon 
interferes With the at least one ellipsoidal Zone based on the 
elliptical magnitude. 
[0012] In an exemplary embodiment, the Weapon ?yout 
simulation method may further include transforming a traj ec 
tory of the Weapon to a target Zone coordinate frame for each 
of the plurality of ellipsoidal Zones. In an exemplary embodi 
ment, the step of determining Whether a trajectory of a 
Weapon interferes With at least one of the plurality of ellip 
soids may be performed using the trajectory of the Weapon in 
the target Zone coordinate frame. 

[0013] In an exemplary embodiment, the step of transform 
ing a trajectory of the Weapon to a target Zone coordinate 
frame for each of the plurality of ellipsoidal Zones may 
include: determining coordinates of the Weapon and the target 
in an engagement coordinate frame; transforming a trajectory 
of the Weapon from the engagement coordinate to a target 
body coordinate frame; and transforming the trajectory of the 
Weapon from the target body coordinate to the target Zone 
coordinate frame for each of the plurality of ellipsoids. 

[0014] In an exemplary embodiment, the Weapon ?yout 
simulation method of the invention may further include com 
puting impact coordinates on the target. In an exemplary 
embodiment, the step of computing impact coordinates on the 
target may include: calculating impact coordinates in a target 
Zone coordinate system based on a point of closest approach 
for at least one of the plurality of ellipsoidal Zones; and 
determining impact location in a target body coordinate sys 
tem by rotating the impact coordinates from the target Zone 
coordinate system. 
[0015] In an exemplary embodiment, the Weapon ?yout 
simulation method of the invention may include computing a 
miss distance of the target by the Weapon. In an exemplary 
embodiment, the step of computing a miss distance of the 
target by the Weapon may include: computing a ?rst vector 
representing the trajectory of the Weapon; computing a sec 
ond vector representing a distance a ?rst trajectory point of 
the Weapon and a centroid of at least one of the plurality of 
ellipsoidal Zones; computing a third vector indicating a direc 
tion of a line running from the centroid of the at least one 
ellipsoidal Zone perpendicular to the ?rst vector based on the 
?rst and second vectors; scaling a magnitude of the third 
vector to unity to obtain a unit direction vector; and comput 
ing a miss vector based on a dot product of the unit direction 
vector and the second vector. 
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[0016] In an exemplary embodiment, the Weapon ?yout 
simulation method of the invention may include assessing 
impact damage on the target. In an exemplary embodiment, 
the assessing impact damage may be based on at least one of 
Weapon lethality, target survivability, or Zone sensitivity of at 
least one of the plurality of ellipsoidal Zones. In an exemplary 
embodiment, the step of assessing impact damage may 
include: determining Weapon lethality of the Weapon; deter 
mining effective lethality of the Weapon on the target based on 
the Weapon lethality and a Zone sensitivity of at least one of 
the plurality of ellipsoidal Zones; and determining if the effec 
tive lethality exceeds a survivability threshold of the target. 
[0017] In an exemplary embodiment, the Weapon ?yout 
simulation method of the invention may include assessing 
damage to the target based on proximate detonation of the 
Weapon. In an exemplary embodiment, the step of assessing 
damage to the target based on proximate detonation of the 
Weapon may include: computing a miss distance to a centroid 
of at least one of the plurality of ellipsoidal Zones; computing 
a range loss for the miss distance; determining Weapon lethal 
ity of the Weapon; determining effective lethality of the 
Weapon on the target based on the Weapon lethality, a Zone 
sensitivity of at least one of the plurality of ellipsoidal Zones, 
and the range loss; and determining if the effective lethality 
exceeds a survivability threshold of the target. 
[0018] In an exemplary embodiment of the invention, there 
may be provided a Weapon ?yout simulation system, includ 
ing: a target modeling unit adapted to model a target as a 
plurality of ellipsoidal Zones corresponding to a plurality of 
Zones on the target; and a hit/miss assessment unit adapted to 
determine if a trajectory of a Weapon interferes With at least 
one of the plurality of ellipsoids. 
[0019] In an exemplary embodiment, the Weapon ?yout 
simulation system of the invention may include a closest 
point of approach calculation unit adapted to determine if the 
Weapon has reached a closest point of approach of the target. 
In an exemplary embodiment, the hit/miss assessment unit 
may be adapted to compute an elliptical magnitude at the 
point of closest approach based on parameters relating to the 
at least one ellipsoidal Zone, and determine Whether the tra 
jectory of the Weapon interferes With the at least one ellipsoi 
dal Zone based on the elliptical magnitude. 
[0020] In an exemplary embodiment, the Weapon ?yout 
simulation system of the invention may include a coordinate 
transformation unit adapted to transform a trajectory of the 
Weapon to a target Zone coordinate frame for each of the 
plurality of ellipsoidal Zones. In an exemplary embodiment, 
the hit/ miss assessment unit may determine Whether a traj ec 
tory of the Weapon in the target Zone coordinate frame inter 
feres With at least one of the plurality of ellipsoids. 
[0021] In an exemplary embodiment, the Weapon ?yout 
simulation system of the invention may include an impact 
coordinate computation unit adapted to compute impact coor 
dinates on the target based on a point of closest approach for 
at least one of the plurality of ellipsoidal Zones. In an exem 
plary embodiment, the Weapon ?yout simulation system of 
the invention may also include a miss distance computation 
unit adapted to compute a distance by Which the Weapon has 
missed the target. 
[0022] In an exemplary embodiment, the Weapon ?yout 
simulation system of the invention may include an impact 
damage assessment unit adapted to assess impact damage on 
the target based on at least one of Weapon lethality, target 
survivability, or Zone sensitivity of at least one of the plurality 
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of ellipsoidal Zones. In an exemplary embodiment, the 
Weapon ?yout simulation system of the invention may 
include a proximate damage assessment unit adapted to 
assess damage to the target based on proximate detonation of 
the Weapon. 

[0023] In an exemplary embodiment, the target comprises 
an aircraft. In an exemplary embodiment, the plurality of 
Zones on the target include at least one of: a circumscribing 
sphere; a forWard fuselage; an aft fuselage; a left sing; a right 
Wing; a left rear stabiliZer; a right rear stabiliZer; a vertical 
stabiliZer; and an extra surface. 

[0024] According to an exemplary embodiment of the 
invention, there may be provided a computer readable 
medium embodying program logic, Which, When executed, 
performs a method including: modeling a target as a plurality 
of ellipsoidal Zones corresponding to a plurality of Zones on 
the target; and determining Whether a trajectory of a Weapon 
interferes With at least one of the plurality of ellipsoids. 

[0025] Further features and advantages of the invention, as 
Well as the structure and operation of various embodiments of 
the invention, are described in detail beloW With reference to 
the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] The foregoing and other features and advantages of 
the invention Will be apparent from the folloWing, more par 
ticular description of a preferred embodiment of the inven 
tion, as illustrated in the accompanying draWings Wherein 
like reference numbers generally indicate identical, function 
ally similar, and/or structurally similar elements. 
[0027] FIGS. 1A-1F illustrate an exemplary three-dimen 
sional ellipsoidal interference model of an exemplary target 
aircraft, according to exemplary embodiment of the inven 
tion. 

[0028] FIG. 2 depicts an exemplary block diagram of an 
exemplary Weapon ?yout dynamics model, according to an 
exemplary embodiment of the invention. 
[0029] FIGS. 3A-3C illustrate an exemplary process How 
diagram for Weapon kinematics ?yout simulation, according 
to an exemplary embodiment of the invention. 

[0030] FIG. 4 illustrates an exemplary process How dia 
gram for Weapon guidance processing for an IR Seeker mis 
sile, according to an exemplary embodiment of the invention. 
[0031] FIG. 5 illustrates an exemplary Generalized Guid 
ance Filter 500 implementing the Difference Equation, 
according to an exemplary embodiment of the invention. 

[0032] FIG. 6 illustrates an exemplary process How dia 
gram for Weapon guidance processing of a Laser Beam 
Riding Seeker (RBS-70), according to an exemplary embodi 
ment of the invention. 

[0033] FIG. 7 illustrates an exemplary Hit/Miss Assess 
ment process How diagram for a target aircraft, according to 
an exemplary embodiment of the invention. 

[0034] FIG. 8 illustrates an exemplary process How dia 
gram for determining Whether a Zone of the aircraft intercepts 
the Weapon trajectory, according to an exemplary embodi 
ment of the invention. 

[0035] FIG. 9 illustrates an exemplary process How dia 
gram for calculating the aircraft damage assessment, accord 
ing to an exemplary embodiment of the invention. 
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[0036] FIG. 10 depicts an exemplary computer system that 
may be used in implementing an exemplary embodiment of 
the present invention. 

DETAILED DESCRIPTION OF AN EXEMPLARY 
EMBODIMENT OF THE PRESENT INVENTION 

[0037] An exemplary embodiment of the invention is dis 
cussed in detail beloW. While speci?c exemplary embodi 
ments are discussed, it should be understood that this is done 
for illustration purposes only. A person skilled in the relevant 
art Will recognize that other components and con?gurations 
can be used Without parting from the spirit and scope of the 
invention. 
[0038] The exemplary embodiments of the invention are 
described using a missile as an exemplary Weapon. It should 
be understood, hoWever, that the present invention is not 
limited to one type of Weapon and may be used for any types 
of Weapons, including, e. g., but not limited to, cruise missiles, 
anti-aircraft Weapons, anti-ship Weapons, anti-tank Weapons, 
anti-submarine Weapons, anti-personnel Weapons, guided 
missiles, remote-control guided missiles, homing-guided 
missiles, and/ or unguided ballistic munitions, etc. Any refer 
ence made herein to a missile should be construed to include 
any type of Weapon. Further, the exemplary embodiments of 
the invention may be described With reference to an aircraft as 
exemplary targets. It should also be understood that a present 
invention may be used for hit/miss and damage assessment on 
any type of target including, e.g., but not limited to, aircrafts, 
aircraft carriers, ships, tanks, and/or any other type of mobile 
and/ or stationary targets. Accordingly, exemplary references 
made in the FIGs. and the corresponding description should 
not be seen as limiting the present invention to a certain type 
of Weapon or a certain type of target. 
[0039] Exemplary embodiments of the present invention 
provide a system, method, and/or computer program product 
that provide modeling of a target aircraft interference geom 
etry using open-source performance data, simulation of 
Weapon ?y-out dynamics, assessment of miss/hit of the target 
aircraft, assessment of impact damage of the target aircraft, 
and/or assessment of proximity detonation damage on the 
target aircraft. 
[0040] According to an exemplary embodiment of the 
invention, in order to maximize ?delity and provide user 
?exibility, the Weapon and/or the target may be modeled at a 
high level of parametric abstraction to cover a Wide range of 
Weapons such as, for example, but not limited to, missiles, 
unguided ballistic missiles, remote-control guided missiles, 
etc., as Well as a Wide range of targets such as, e.g., but not 
limited to, helicopters, bombers, tankers, transport aircrafts, 
and/ or cargo aircrafts, etc. In an exemplary embodiment, the 
model having a high level of parametric abstraction may be 
adapted to each speci?c case of a Weapon and target. In an 
exemplary embodiment, user-accessible model data tables 
may be adapted to de?ne the parameters for various Weapons 
and targets. 

Exemplary Target Interference Geometry Modeling 

[0041] The modeling approach according to embodiments 
of the present invention may enable a high ?delity simulation 
of the engagement dynamics, using a physics-based imple 
mentation. For example, it may be possible to determine the 
part of a target aircraft has been hit, and provide impact 
coordinates for the part that has been hit. Further, the model 
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ing approach according to exemplary embodiments of the 
invention may signi?cantly reduce risk of not detecting a true 
“Hit” by de-coupling the model development from the para 
metric data. Thus, development of a software application 
embodying various aspects of the present invention may pro 
ceed independently of speci?c data pertaining to the Weapons 
and/ or targets. 
[0042] Further, according to an exemplary embodiment of 
the invention, modeling data to be populated at iterative levels 
of detail. Thus, in cases Where obtaining very detailed para 
metric data may be di?icult or impractical, less speci?c data 
estimates may be alloWed for modeling the Weapon and/ or the 
target. For example, in some instances the exact parameters of 
the Weapon or target may be unavailable due to classi?cation, 
or may not even be included in the manufacturer’s speci?ca 
tions. Also, there may be US export issues With speci?c 
Weapons data. In such cases, the models may be populated 
With generic data, Where such data is available, or estimated, 
Where such data is not available, and later revised With addi 
tional levels of speci?c detail. In addition, the parametric 
approach according to exemplary embodiments of the present 
invention may provide more ?exibility by alloWing a user to 
easily tune the performance parameters or even de?ne neW 
models. 
[0043] In an exemplary embodiment, it may be assumed 
that the Weapon as Well as the target aircraft are in a normal, 
?xed coordinate frame (X North, Y East, Z DoWn), hereinaf 
ter referred to as the Engagement Coordinate Frame (ECF). In 
an exemplary embodiment, any coordinates in the ECF may 
be expressed in the Gunner Centric Coordinate System 
(GCCS) Qi East, Y North, Z up) by applying a simple trans 
form: 

Roll:l80°] (Eq. 1) 

[0044] In an exemplary embodiment, in order to create a 
high ?delity physical simulation and hit/miss assessment of 
the Weapon to the target aircraft, a physical geometry of 
aircraft entities may be modeled such that it may be possible 
to accurately determine if a projectile of the Weapon has hit 
the aircraft. As previously discussed, most convent ional 
simulation systems use extremely detailed graphics models 
that may not be suited for mathematically determining 
Whether a projectile has physically hit a target aircraft. Thus, 
many existing simulations may ?y the simulated aircraft as, 
for example, a point in space, With the visual graphics ren 
dered about the point, in an appropriate attitude. In such 
conventional systems, impact may be estimated probabilisti 
cally based on proximity to the point target or may be esti 
mated deterrninistically based on passes of a projectile of the 
Weapon Within a ?xed radius of the point. 
[0045] Accordingly, in an exemplary embodiment of the 
invention, in order to provide a higher ?delity approximation 
of target physical geometry, the target aircraft may be mod 
eled using a series of three-dimensional ellipsoidal zones 
corresponding to approximate key features of the target air 
craft. For example, the target aircraft may be divided into ten 
different zones, such as, but not limited to, the circumscr‘ibing 
sphere, the forWard fuselage, the aft fuselage, the left Wing, 
the right Wing, the left rear stabilizer, the right rear stabilizer, 
the vertical stabilizer, and tWo extra surfaces. Thereafter, each 
zone may be modeled as an ellipsoid. In an exemplary 
embodiment, these ellipsoidal zones may be used to deter 
mine if a trajectory of the Weapon has passed through the 
target aircraft. 
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[0046] Referring noW to FIGS. 1A-1F, there is illustrated an 
exemplary three-dimensional ellipsoidal interference model 
of an exemplary target aircraft, according to an exemplary 
embodiment of the invention. In FIGS. 1A-1F, the exemplary 
aircraft is an F-l6 jet and the exemplary interference model 
may include a series of 7 ellipsoidal structures. FIG. 1A-1F 
illustrate the left-rear elevated vieW 102, left-front elevated 
vieW 104, front vieW, rear vieW 108, right vieW 110, and left 
vieW 112, respectively. In an exemplary embodiment, the 
ellipsoids may have different stretching, lateral offset, and 
angular rotation, so as to closely approximate various parts of 
the aircraft geometry. In an exemplary embodiment, each 
ellipsoid may model a speci?c zone on the aircraft and may be 
used to assess impact damage to the speci?c zone Which it 
models. This basic technique may be easily adapted to model 
a Wide range of targets, such as, e.g., but not limited to, 
various aircraft types. 
[0047] The use of ellipsoids may provide a very easy and 
convenient technique for building reasonably accurate physi 
cal interference models, With a minimum of effort, as Well as 
evaluating the model for physical interference (e.g., ballistic 
impact) With minimal computational load. In an exemplary 
embodiment, Where the target is embodied as an aircraft, a 
standard model structure for the target aircraft may include, 
e.g., but not limited to, 10 zones, Which may be arranged, in 
an exemplary embodiment, as shoWn in Table 1 below. 

TABLE 1 

Target Aircraft ellipsoidal Zones 

Zone 0 Circumscribing Sphere 
Zone 1 Forward Fuselage 
Zone 2 Aft Fuselage 
Zone 3 Left Wing 
Zone 4 Right Wing 
Zone 5 Left Rear Stabilizer 
Zone 6 Right Rear Stabilizer 
Zone 7 Vertical Stabilizer 
Zone 8 First Extra Surface 
Zone 9 Second Extra Surface 

[0048] In an exemplary embodiment, each zone (ellipsoid) 
may be de?ned by a set of parameters, such as, e.g., but not 
limited to, nice (9) parameters. In an exemplary embodiment, 
the nine parameters de?ning a zone may include: 

[0049] {a, b, c, x0, y0, z0, zone_yaW, zone_pitch, zone_ 
roll} 

[0050] In an exemplary embodiment, these parameters may 
de?ne the ellipsoidal surface of each zone in accordance to 
the folloWing equation: 

(Eq- 2) 

[0051] In this equation, the offset parameters (x0, yo, zO) 
denote the center of the ellipsoid in {x, y, z} vector space. The 
dimensions of the resulting surface in {x, y, z} vector space 
are directly related to the gain parameters (a, b, c). Thus, by 
changing the coe?icient (a, b, c), the surface may be made 
spherical (i.e., Where a:b:c), the surface may be stretched to 
approximate the cylindrical shape of a fuselage (e.g., Where 
b:c<a), or ?attened to approximate the surface of a Wing or 
stabilizer (e.g., Where a is very small compared to b and c). 
The location of the shaped surface in vector space may be 
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controlled by the offset parameters (x0, y0, z0). By changing 
the offset parameters, a modeled surface may be moved for 
Ward/backWard, left/right, or up/doWn Within the aircraft 
body coordinate system. Further, in an exemplary embodi 
ment, a rotational transformation (yaW, pitch, roll) may be 
used to rotate the surface to an angle necessary to approxi 
mate a speci?c aircraft feature or region. In an exemplary 
embodiment, the rotational transform may de?ne a local 
coordinate frame for the ellipsoid With respect to aircraft 
body coordinates. 
[0052] In an exemplary embodiment of the invention, as 
depicted in FIGS. 1A-1F, seven (7) different ellipsoids are 
combined, each ellipsoid appropriately scaled, offset, and 
rotated, to model an F-l 6 aircraft. In other types of aircraft, a 
greater or lesser number of ellipsoids may be adapted to 
represent the various parts of the aircraft. For example, a 
generic ?ghter aircraft With a jet engine may be modeled 
using six (6) ellipsoids (e.g., tWo Wings, tWo rear stabilizers, 
vertical stabilizer, and the main fuselage). 
[0053] In an exemplary embodiment, various types of air 
crafts may be grouped into eight (8) broad categories, each 
category having a speci?c number of ellipsoids to model the 
aircraft. In an exemplary embodiment, the aircrafts may be 
categorized as, e.g., but not limited to, fast jets, tankers, 
commercial airliners, large propeller jet, small propeller jet, 
helicopters, and Unmanned Aerial Vehicles (UAV). In an 
exemplary embodiment, a generic aircraft model may be 
designed for each aircraft category and may later be param 
eterized for the speci?c aircraft being simulated. Accord 
ingly, it is possible to model a Wide variety of aircrafts With a 
reasonable ?delity coverage. 

Exemplary Weapon Flyout Dynamics Modeling 

[0054] According to an exemplary embodiment of the 
invention, the Weapon ?yout dynamics model may replicate 
the physics associated With ?ying a Weapon through space. 
The model may be de?ned at a level of abstraction that 
enables it to represent a Wide range of various Weapons, yet 
faithfully replicate the physics involved With the Weapon 
projectile ?yout. In an exemplary embodiment, the same 
Weapon ?yout model may be used for both guided and un 
guided Weapons. In an exemplary embodiment, a general 
model may be constructed for the guided Weapons and the 
un-guided Weapons may use the same model Wherein the 
guidance parameters are inapplicable. 
[0055] FIG. 2 depicts an exemplary block diagram of an 
exemplary Weapon ?yout dynamics model 200, according to 
an exemplary embodiment of the invention. As illustrated, the 
model 200 may include subsystems including a Weapon 
Kinematics Processing 202, Guidance Processing 204, and a 
Weapon Properties Data File 206. In an exemplary embodi 
ment, the Weapon Kinematics Processing 202 may execute 
generalized kinematics equations common applicable to all 
Weapons and projectiles. The Guidance Processing 204 may 
include an executable module generating real-time steering 
vector commands to the Weapon Kinematics Processing 202. 
In an exemplary embodiment, the Guidance Processing 204 
may be type-speci?c, including type de?nitions for speci?c 
Weapons such as, e.g., but not limited to, IR Homing, Laser 
Beam Rider, Un-guided, etc. 
[0056] The Weapon Properties Data File 206 may include a 
data ?le, Which may be a text ?le, providing the parametric 
input to con?gure the generalized kinematics equations to 
re?ect the performance parameters of a speci?c Weapon. The 
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Weapon Properties Data File 206 may also provide paramet 
ric input to con?gure the guidance processing algorithms of 
the Guidance Processing 204. In an exemplary embodiment, 
such parametric input may include, e.g., but not limited to, 
type de?nitions for speci?c Weapons as Well as data pertain 
ing to properties of speci?c Weapons, Which may needed for 
modeling the guidance performance of the speci?c Weapons. 
[0057] According to an exemplary embodiment of the 
invention, the Weapon Kinematics Processing 202 may 
include a target modeling unit 210, a coordinate transforma 
tion unit 212, a hit/miss assessment unit 214, a point ofclosest 
approach (PCA) determination unit 216, an impact coordi 
nate computation unit 218, a miss distance computation unit 
220, an impact damage assessment unit 222, and a proximate 
damage assessment unit 224. 

[0058] In an exemplary embodiment, the target modeling 
unit 210 may model the target in ellipsoidal Zones, as previ 
ously described. For example, the target modeling unit 210 
may receive parametric data regarding the target aircraft and 
model the aircraft into exemplary, but non-limiting, l0 ellip 
soidal Zones, each Zone corresponding to a section of the 
aircraft. 

[0059] In an exemplary embodiment, the coordinate trans 
formation unit 212 may perform Zone transformations from 
one coordinate system to another. For example, the coordi 
nate transformation unit 212 may transform coordinates of a 
point in a three-dimensional space from any of the Engage 
ment Coordinate Frame (ECF), Aircraft Body Coordinate 
Frame, and Aircraft Zone Coordinate Frame, to one another. 
The coordinate transformation unit 212 may also perform 
transformation from any of these coordinate frames to Weap 
on’s Attitude Eulerian angles. These transformations Will be 
described in more detail later. 

[0060] In an exemplary embodiment, the hit/miss assess 
ment unit 214 may perform assessment on Whether a traj ec 
tory of the Weapon passes through at least one Zone of the 
target aircraft. If so, the hit/miss assessment unit 214 may 
declare the Weapon as a “Hit”. 

[0061] In an exemplary embodiment, the hit/miss assess 
ment unit 214 may make this determination by utiliZing a 
point of closest approach of the Weapon. The point of closest 
approach may denote the point detected by the simulation at 
Which the Weapon Was closest to the target aircraft. In an 
exemplary embodiment, the PCA determination unit 216 may 
be responsible for calculating the point of closest approach. 
Calculation of the point of closest approach Will be discussed 
in detail later. 

[0062] In an exemplary embodiment, the impact coordinate 
computation unit 218 may compute the coordinates at Which 
the Weapon may hit the target. Alternatively, if it is deter 
mined that the Weapon has missed the target, the miss distance 
computation unit 220 may calculate the distance by Which the 
Weapon missed the target. Computation of the impact coor 
dinates and miss distance are discussed later in detail. 

[0063] In an exemplary embodiment, the impact damage 
assessment unit 222 may measure the damage on the target 
aircraft by the Weapon impact. If the Weapon does not hit the 
aircraft directly, but detonates near the aircraft, the aircraft 
may be damaged by the proximate detonation of the Weapon. 
In an exemplary embodiment, the proximate damage assess 
ment unit 224 may measure such proximate damage on the 
target aircraft. Computation of impact damage and proximate 
damage are discussed later in detail. 
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[0064] According to various exemplary embodiments of 
the Weapon ?yout dynamics modeling approach, the user may 
be alloWed to tune the parametric performance of simulated 
Weapons and de?ne neW models for emerging Weapons With 
a minimum of effort. For example, if the guidance functions 
of a neW missile are more esoteric than the algorithms con 

tained in existing type de?nitions, the user may create a neW 
type guidance model for the missile. HoWever, most existing 
air-defense missiles can be classi?ed as one of infrared (IR) 
Guided missiles, Laser Beam Rider missiles, and Un-guided 
missiles. Thus, for most existing air-defense missiles, the user 
may use one of the guidance data of one of these Weapon 
types. 
[0065] According to an exemplary embodiment of the 
invention, the parametric inputs to the Weapon ?yout dynam 
ics model may include, e. g., but not limited to, Weapon prop 
erties, initial conditions, and perturbations. Weapon proper 
ties are related to the properties of the Weapon such as, e.g., 
but not limited to, the missile, Which do not change from one 
simulation scenario to the next. In an exemplary embodiment, 
the Weapon properties may be stored a Weapon Properties 
Data File 206 as, e.g., but not limited to, text ?les including 
such data. In an exemplary embodiment, the initial conditions 
may include scenario-dependent conditions that are set at the 
moment the Weapon is launched. In an exemplary embodi 
ment, perturbations may include parameters that are real-time 
inputs to the simulation, including, e.g., but not limited to, 
Wind, steering commands, etc. 

Exemplary Weapon Kinematics Processing Inputs 

[0066] In an exemplary embodiment, Weapon properties 
parametric input to the Weapon Kinematics Processing 202 
may include, e.g., but not limited to, “acceleration vs. time 
characteristic”, Weapon s projected area vector , Wind sen 

sitivity coef?cient”, “missile maneuverability limit”, “maxi 
mum range of interest”, and data relating to Warhead lethality 
and propagation. Table 2 beloW depicts exemplary Weapon 
properties for Weapon Kinematics Processing 202, according 
to an exemplary embodiment of the invention. 

TABLE 2 

Weapon Properties for Kinematics Processing 

PARAMETER DESCRIPTION UNITS 

Acceleration vs. Data table of acceleration vs. time, in Meters/ 
Time increments of 1:, Where 1: denotes the Sec2 

update interval 
AreaiVec {Areaw Areay, Areal} vector giving Meters2 

the Weapon’s projected area onto each 
ofthe three axes in the Weapon body 
coordinate system. 

KW Wind sensitivity coef?cient, l/Meter3 
describing the acceleration resulting 
from Wind. 

Gilimit Missile maneuverability limit (i.e., G 
max turning acceleration) 

Maximum Range Flight range beyond Which the Meters 
of Interest simulated ?yout may be stopped for 

non-detonated missiles 
Warheadiu Mean value of Warhead lethality Damage 

Units 
Warheadio Standard Deviation of Warhead Damage 

lethality Units 
Warheadin Warhead propagation exponent (1/ Dimension 

R“) less 




























