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1. SCOPE

1.1 Purpose

This document was developed by the SAE AS-1B5 CLARA Task Group to explain and document background information
and decisions with associated rationale made in development of the CLARA Interface Control Document (ICD), AIRSE82.
This rationale document is published separately to preserve information that is not required or provided in the ICD but may
be important to users.

1.2 Related Documents

SAE ACE paper 2001-01-2953 titled “Common Launch Acceptability Region Task Group” (explanation of CLARA concepts
and proposed approach)

SAE Aerospace Inforn
Interface Control Docun

SAE Aerospace Inform
(CLARA ICD)

2. REFERENCES
SAE Technical Standar

NOAA-S/T 76-1562 U.9

MIL-STD-1760 Interfacg Standard for Aircraft/Store Electrical Intereonnection System

3. CLARA RATIONAL

The following is a collg
The month and year
significantly modified.

3.1 LAR Basic Assun

In early deliberations,
LAR, not a fly-out. Thd
and not well suited for

hation Report AIR5788, Common Launch Acceptability Region (CLAR)
nent (ICD) for the CLAR Approach (CLARA)

htion Report AIR5682, Common Launch Acceptability Region Appreaeh Inter

s Board Standard, TSB 003 as issued 1965-06 and revised 1999-05

. Standard Atmosphere, 1976

E
ction of paragraphs based on discussions and decisions made at CLARA
hotation at the end of mostlof the paragraphs indicate when each deg
hptions

he group decided that the CLARA effort would assume a “parametric mod
accuracy ofxweapon 6DOF models can be quite good, but they are compu

other mathematical mo

Truth Data Generator

face Control Document

Task Group meetings.
ision was reached or

E|” or “fitting algorithm”
ter resource intensive,

real time applications. Airborne and mission planning systems are compufer resource limited, so
els that are’not as computer intensive must be used to approximate the LAR.

(July 04)

es fly-out results using

prepared fly-out data to

define the LAR. The parametric model uses a set of functions that attempt to match the output of the weapon 6DOF
model without actually modeling the equations of motion. An example of a parametric model is a polynomial least squares
fit. Whichever model is selected for the application, dynamic or parametric, it is adjusted so its output matches the weapon
6DOF output to a predefined tolerance. Parametric models are used to avoid the computational burden of doing a fly-out
moedel for a large number of weapons (on a bomber, for example) and to allow easy tailoring of the model to specific
weapons by changing only the ceoefficients. (July 04)
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3.2 Release Point Versus Impact Points

The guestion was asked, why we do not use a grid of release points instead of a grid of impact points? It seems more
straightforward to use the release points because that is the LAR. The footprint requires other steps to transform it into the
LAR (flip and rotate). (July 03)

The reason we do footprints instead of LAR up front is because that is the current convention and that is what a weapon
flight model (e.g., 6DOF) generates. The conversion is simple, so we decided to proceed with the current convention in
mind. (Oct 03)

Issues were raised as to why the Footprint Generator was called the Footprint Generator when in reality it does not
produce the footprint. It merely produces the raw impact data on a grid. We decided to change the FFBD and the ICD to

rename the Footprint Generator tc Truth Data Generator. (July 03)

3.3 ICD Definition / O
Issues were raised as t
Coefficient Generator,

arrows between the blo
covered and identified g

There was an effort to @
of the functional blocks
so that AS-1BS will be g
go directly into an oversg

It was further decided 1
each individual ICD with

Drafts of the ICDs hav
content of another is

individual 1ICDs. Therdg
between blocks) will be

The group discussed
integrating them. We g
3.4  Weapon Truth Mg

The inputfoutput tables
which we have now cla

rganization

b why we were doing ICD’s for the functional blocks (Data Space Generator,
hind Algorithm), while a typical ICD would identify the interface befween thg
cks). Instead of changing the current ICD, we decided to make-gure the In
s such. (July 03)

onvert the Truth Data Generator ICD to the beginnings efthe single CLARA
yet to be defined. This was abandoned due to A. Faust'sTequest to continug

ble to submit a document and show progress. Thewdata that go inte the indi
[1CD anyway, so it is not a waste of time to complete the parts individually.

hat parallel effort on the other ICDs is nécessary to speed the pace to co
the benefit of check and balance fromthe effort on the adjacent ICDs. (Apr

e revealed significant overlap/duplication in content. Now that one is finig
ell established, the group decided to start work on the final consolidated

shared between sections: (Jan 05)

fhe merits of publishing the glossary and performance specification dodg

del Tool

in theMvhat-is-now Truth Data Generater show the input and output to the
rified is just a tool used in the Truth Data Generation. We added a parag

ecided to include\tbe glossary (only terms that are actually used) in the ICID.
the specification was inforporated inte.this rationale document. (Jan 06)

Truth Data Generator,
functional blocks (the
but and the Output are

CD with TBDs in place
working on the pieces
idual partial 1ICD’s will
July 03)

mpletion and complete
04)

hed and the technical
CD and stop work on

will be a section for eacft of the original ICD subjects, and the tables (fepresenting interfaces

uments separately or
Useful content from

Weapon Truth Model,
raph in the Truth Data

Generator ICD to cover

the output or the wnhole Tunctional BIoCK — the "push”™ INto The database (the

Impact Data Set). To

help clarify further, we decided to extract the database from the Truth Data Generator to show the database “pulls’ by the
Coefficient Generator and the Data Space Generator (for refinement of the input data). (July 03)

35

The group agreed that truth model inputs will include aircraft horizontal and vertical velocities at time of release.

[Inputs to Truth Model

It was

decided that impact constraints include Impact Angle and Impact Azimuth because these constraints have a major effect

on LAR size and shape.

The group decided not to include Angle of Attack and Angle of Sideslip because these are variables used to score the

impacts, rather than inp

uts. (Oct 03), revised (Apr 04)
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Pitch and Roll will not be included in Truth Model Inputs. Unlike vertical velocity (climb angle), pitch and roll at time of
launch do not contribute significant energy to the weapon, therefore are not significant to the size and shape of the LAR.
{Oct 03)

It was later decided that the input file format and example would not be included as part of the ICD in order to allow the
user flexibility. Revised (July 04)
3.6 Evenly Spaced Input Points
A requirement for “evenly spaced input points” was discussed. Consensus was that there are good reasons for using
unevenly spaced data in many cases, so evenly spaced data should not be required. (Feb 04). For example, extra data
points for Mach number may be needed around Mach 1 because of the non linearities which occur there. (Apr 04). Input

data elements could well be incremented in evenly spaced increments, but the number of “runs” of the 6DOF can be
greatly reduced by using design-of-experiments methods to define the target grid points to be tested. For example, if grid

points are flown and tegted to find the edges of the LAR, there may be no need to fly all the internal

3.7 Scoring

The term “score” is usg
“in” or “out’ of LAR.
specification for a weay
more restrictive or leg
specification criteria m4
that uses the operatiorn
the impact points that g
38 LaserDataasTr

Concern was raised thd
Time. Some believe th

Laser parameters werg
while others stated rea
part of the model and n

On further discussion,

guided with no GPS/IN
guided to a point with
assumed to be constan

For a system with guid
weapon) se guidance n

d to describe a process of post-generation evaluation of each single output *
In this process, criteria are applied that may not be universall For inst
on usually specifies a definition of an acceptable hit, but for a“specific class
s restrictive, definition may be operationally more meaningful. Alternati
y be most meaningful. “Scoring” is the a-posteriori evalUation of a grid of in
ally applicable criteria for “in LAR” points. The operational LAR is subseq
re scored as acceptable.

Lith Model Input

t in the Truth Model inputs, we do not take into account Laser input data suc
Bt in some weapons, this may affectthe LAR. (July 03)

evaluated for inclusion in the (nput data set to the Truth Model. Some objg
Eons why they should not be ¢onsidered. The reason for removing them is th
Dt inputs to the model. Cenclusion: Go ahead and remove them. (Oct 03)

there may be somg types of weapons where lase time would be a key inp
S guidance) and lase time may be added as an input variable in these casg

oints. (July 04)

grid” to define points as
ance the development
of missions a different,
ely, the development
npact state information
ently developed using

h as Laser Designation

cted to removing them
at they are considered

Lt variable (e.g., Laser
s. If the weapon were

GPS/INS and Jaser is only used tc refine precision in the end game, then lasing time may be

t or may have-little effect on LAR. (Apr 04)

bnce moede switches, each mode would actually generate a different LAR (3
hode-isvnot an input variable. (Apr 04)

nalogous to a different

39

Coordinate Systems

Consistency with the MIL-STD-1760 coordinate system was discussed (i.e., Lat/Lon versus X/Y). The group decided that
since the critical inputs to the Truth Model are downrange and cross range, this X and Y coordinate system makes more
sense since .conversion from Lat/Long is not required. (July 03)

Decision on Coordinate system: The coordinate frame for the launch and target states shall be an aircraft centric local level
“right hand rule” coordinate system with positive x forward, positive y right, positive z down, at the time of launch. This
decision was made due to the premise that the coordinate system would be aircraft centric. The original intent was a
simplification to a LAR computed with wings level at launch. This constraint has now been withdrawn. (Oct 03)


https://saenorm.com/api/?name=114cc12f208f3d31d43fc0ec34708a00

SAE AIR5712A Page 6 of 19

Generally, the crigin of launch is the A/C reference frame with the store location’s spatial offsets known. For the purposes
of generating weapon truth data, since store locations are different for every A/C, the most precise origin would be the
store itself without regard to the A/C. However, for LAR purposes, the difference between defining the origin at a store
centered position or at an aircraft centered location is insignificant. The origin can be taken at any convenient location on
the aircraft/store at launch. (Apr 04)

The coordinate system at the impact state is defined as the launch coordinate frame with the origin translated to the
intended target point (the desired impact or intended aimpoint). Impact azimuth is positive from the X-axis toward the
Y-axis. The impact angle is measured from the herizontal plane toward the Z-Axis in the plane that includes the velocity
vector at impact. (Cct 03)

Wind data direction shall be defined as a vector (air motion “toward” the launch aircraft) in the launch coordinate frame.

(Oct 03)

3.10 Wind Model

A “wind model” is use
generation process ang
The model is generall
speed at release shoul

The same wind model
onboard aircraft LAR ¢
planning LAR calculati
create greater errors. |

The "bomber wind mo
study was suggested {
expressed. (Feb 04).
developing the LAR tr
weapon types use diff
consumers. (Apr 04)

This was reconsidered
the |CD rather than re
different results. All w
flyout. A wind model
smaller than not using

1 to approximate the horizontal velocity of the air mass as a functignof al
| the aircraft LAR calculation both use a wind model to improve the @ecuracy
y a simple equation, such as a linear decrease in wind speed as.altitude d
l be input to the wind model in the aircraft LAR calculation.

must be used throughout the process. It must be the samg.in the LAR coeffi
alculation, (and weapon LAR calculations in cases where the weapon calcy
pn, and in LAR tool validation.
Revised (Apr 04)

Hel" has been recommended. The "B-52 bamber wind model" was also su
0 determine the differences in various medels. A need to determine the |
This was reconsidered and it was degided that the model used by the we
ith data base) becomes the standard-for each weapon type, and it does n
brent models. What does mattertis-that, whatever model is chosen, it is U

in (July 04) and the group decided to standardize on a single wind model and
erring to another sourde. *Many different models can be used, however dif]
nd models are an approximation and will never perfectly represent the actu
is desired over nC wind model since the variance in trajectories due to di
B2 wind model atall” Selection of a common wind model will also avoid the d

when different models &re used.

Several models includ
consensus choice. (Ju

ng ongxdescribed as “28 knots in all directions” were considered. The “B
y 04)

3.11 Units

titude. The coefficient
of the LAR calculation.
bcreases.  Actual wind

Cient generation, in the
lates LAR), in mission

(Oct 03). This is important because differgnces in these models

jgested. A sensitivity
best” wind model was
apon builder (or entity
pt matter that different
sed consistently by all

describe that model in
ferent models produce
Al wind during the real
fferences in models is
screpancies that occur

bmber Model” was the

Units shall be in metric

conforming to SAE TSB 003. (Oct 03)

A desire to use degrees instead of radians was stated. TSB 003 allows either to be used, based on the conventions used
in the relevant industry. Radian was the final choice tc remain consistent with the metric system. (July 04)
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3.12 Weapon Type Applicability

The initial focus of CLARA is on short-range, direct-attack munitions. Powered waypoint flyers as well as air-to-air may be
considered in the future. {Oct 03)

The applicability of CLARA to weapon types is not determined by store “mission class”. The modeling used in CLARA is
applicable to all stores where the kinetic energy plus gravitational potential energy at time of launch is an important factor in
determining range. CLARA is not appropriate where energy from fuel provides most of the range capability (e.g., a cruise
missile). Users and weapon developers can determine from first principles if their weapon is suitable for LAR development

using CLARA methodol
3.13 Flat Earth Assum

The issue of “round-ea

ogy. (Apr04)

ption

th’ versus “flat-earth” assumptions was discussed. The earth’s curvature at 60 miles results in a

relatively small horizor
assumptions is sufficie
typically use round eart
simplifying assumptiong

3.14 Joint Common M

The SAE CLARA Task
problem that has many
cues to support succeq
approach, and process,
develop. (Cct 03)

The JCM| was discusss
direct attack weapon.
04) ('See Weapon Typdg

3.15 Discussicnon IC
Several times the use
questioned. CLARA dg
each functional block a
3.16 Altitude Referenc
There were extensive

generation processes.
the GPS navigational

tal error of about 0.016% over that of a flat earth. Therefore, a LAR ca
Ntly accurate over the ranges of interest. Note that both aircraft and weap
h (actually ellipsoidal or “gecids”) calculations. The weapon impact accurac
used in the LAR calculations. (Feb 04)

ssile Interface (JCMI)

Group believes that current direct-fire phase of the Jointy Common Missile
driving factors that are inherently different from ourteurrent focus, which i
sful drops of guided, unpowered weapons on fixegltargets. The CLARA T
support periodic technical interchanges, and regtlarly re-evaluate applicabil

dagain. It was decided that the CLAR appreach is applicable to any bomb-g
The CLAR process in development is directly applicable to JCM, contrary t
Applicability topic (section 3.12 of this AIR) for the general applicability of CL

D Versus Another Name

f the term “ICD” as the\sorrect document name for the information about th
cided to continue 1o ¢all these documents ICDs. These documents will sp)
nd contain descriptions thereof. (Cct 03)

oS

discussions concerning which reference system for “zero altitude” should

Theésinitial work of the group had assumed MSL as the altitude reference.
piie in which the aircraft and the store have their most accurate (or even o

culated with flat earth
N navigation systems
is not affected by the

is largely a fire control
5 to provide navigation
[ask Group may share
ty as respective efforts

n-coordinate GPS/INS
prior assertion. (Feb
ARA methodology)

e CLARA process was
ecify the interfaces for

be used in the LAR
It was pointed out that
ly) position information

is referenced to the G
targeting will use the ell

S ellipsoid. There is also an Air Force memorandum instructing that po
ipsoid. (Jan 04)

sitional information for

The variables that control the range capability of a store (and therefore LAR) are those that relate to lift, drag, kinetic and
potential energy of the store at launch. Potential energy available to the store is the difference between the geopotential at
the launch point and the geopotential at the target. For determining potential energy the “correct” altitude references are
the heights above the geoid (i.e. MSL). However, there is an issue that there are many models for the geocid, several of
which are “standard”. (Jan 04)

Lift and drag acting on the store through its flight path are dependent upon air density. However the required use of the
MIL-STD-3013 Standard Atmosphere “Geometric Altitude” model results in the density altitude of the launch aircraft
equaling the MSL altitude. (The Standard Atmosphere is referenced to the geoid with a choice of either Geometric or
Geopotential Altitudes. The use of a constant gravity value for LAR dictates the use of Geometric altitude in the
atmosphere model.) (Jan 04)
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Note that the truth data is derived using Height Above Ellipsoid (HAE) and the specified Atmosphere Model. However, the
real-time solution computed at launch time can be improved by correcting launch HAE for observed air temperature and

pressure and applying t

he same delta-altitude to the target HAE. (Jan 04)

The Task Group noted that weapon LAR is not sensitive to the assumption of a particular reference coordinate system;
especially since the LAR depends on altitude difference much more than on the value of altitude. (Jan 04)

After extensive deliberation the Task Group selected the HAE because of its more standard use by modern weapons
systems equipped with GPS. Thus, the aircraft launch altitude should be HAE, the truth model air density should be
determined from MIL-STD-3013 Standard Atmosphere model, and target altitude should be expressed as HAE. (Jan 04)

WGS-84 is used in our LAR documents as the standard definition of the ellipsoid. We also realized that the precise altitude
is not nearly as important for LAR calculation as it is for the actual target coordinates and guidance. (Apr 04)

3.17 LAR Geometric 9

Two separate parts of
functional form of the e
variables (the variabled
(Jan 04)

It was proposed, in (J
geometric shape is a p

The definitions of the v4
- The reference coordi
has the x-axis positi
axis and is positive
translated into the grg

- The “reference point’

- The number of verticd

hape
he “LAR Algorithm” are: the gecmetric shape of the LAR that is used onbog

Huation relating each dependent variable (parameters of the geometric shap
describing the state of the aircraft and target at launch, as welkas the vall

n 04), that the CLARA group adopt a standard for the geometric shape,

lygon of n-vertices where n is specified in the data set and is equal to at leag
riables defining the polygon are as follows:

hate system is “stationary” (Earth-fixed). Theorigin is aircraft centered at th
e in the direction of the horizontal comporient of the aircraft velocity. The y-
o the right in the horizontal plane. The’footprint is a geometric shape in

und plane. The LAR is a geometric,shape in the x-y plane of this coordinate

of the polygon is located at coerdinates “x” and “y" in the specified coordinats

s is N.

rd the aircraft; and the
e) and the independent
es of any constraints).

and that the proposed
t five. (Jan 04)

e instant of launch and
pxis is normal to the x-
this coordinate system
Bystem.

e system.
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X-axis

The radii, r,, are
AlF360/n degrees

Y-axis

FIGURE 1 - LAR GEOMETRIC SHAPE

- The first vertex of thg polygon, vy, is located on a line through (x,y) parallel to the x-axis at a distance of ry in the positive
“x" direction.

- Vertices are numbergd clockwise from the first vertex-and are located at equal angular increments|of 360/N degrees.

- Each of the n-verticel is located from the reference point by its angle relative to the positive x gxis and a radius to the
vertex, r,.

The polygon in Figure 1 is an arbitrarysexample to show what a nine-vertices LAR might look like. [The polygon is an area
at the aircraft (launch) gltitude. All lgunch peints within the polygen are members of the set of points from which the store
is able to reach the target, subjectto.constraints and with terminal conditions that meet the externally imposed criteria to be
scored as a “hit". (Jan p4)

The consequence of adlopting this geometric form is that the geometric shape parameters are the dependent variables of
the functions that will bé selected as the “math form"” of the “| AR Algorithm” {.Jan 04)

The independent variables include:

V = the velocity of the aircraft

Alt = the altitude of the aircraft (above Ellipsoid)

Ht = the altitude of the target (ref. To Ellipsoid)

North and East components of wind at the launch altitude

Additional variables arising out of constraints (weapon dependent); such as angles specifying the terminal attack vector
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The generic representation of the algorithm will then be the set of equations: (Jan 04)

X = Fy(VAlL HE )
y = Fa(V AL HE. )
r = Fa(V AL Ht,. ...
f = Fo(V,AILHE ...

fy = Fu(V Al HE

Notionally, each function, F,  will consist of a summation of m-terms each having coefficients (Cpy, Cnz ,

Gom ) . This

coefficient matrix is the "verified LAR coefficients” (plus header information required to properly unblock it). (Jan 04)

Raticnale for choice of {
There was a consensug
3.18 AOA and Sideslig
Angle of Attack (AQA o
set of weapon truth dg

relative to the line of flig
and beta refer to body

different than the air mass values if there is any wind. (Jan 04)

3.19 Tab Delimited AS

The group discussed
because it is adequate f

Delivery of CLAR data
smaller file size and fas
type of processor and s

This was assessed aga
ASCII files as large nu
restrictions: Data must
ASCII, it shall be delive
of the data to translate {

3.20 Same LAR for Mi

his, or some other shape, will be added when it is available. (Jan 04)
agreement to use the n-sided polygen in all CLAR discussions. (Cet05)
References

alpha) and Angle of Sideslip (AOSS or beta) at time of impact are two param
ta. We determined that these must refer to inertiallACA and inertial side
ht at impact, since these are the angles that are impdrtant in penetration effe
pr wing chord angles relative to the air mass in Aest aerodynamics work.

ClI

arious file formats for distribution of the Truth Database. We initially chos)
or the task and can be generated and read by everyone. (Jan 04)

base files in binary form (as\opposed to ASCII text) was discussed. Adv
fer computer manipulation ofthe data. However, definition of the binary file t3
pftware being used, making it undesirable as a standard. (Feb 04)

mbers of footprints are generated. We decided to allow use of other form
be availableXor delivery in tab-delimited ASCII. If data is delivered in any
red with & file specification. We discussed requiring delivery of a translator 1
D ASCITbut decided that this would not be useful in most cases. (Apr 04)

Esion Planning, Training, Aircraft and Weapon (if applicable)

eters included in each
slip, i.e., body angles
bts. In contrast, alpha

The inertial values are

e tab delimited ASCII

Antages of binary are
ends to depend on the

n, as there was serious concern about file sizes and processing time becoming unmanageable with

ats, with the following
file format other than
hat would allow users

The premise that the same LAR algorithm should be used on mission support stations, in training systems, in the aircraft,
and in Weapons which calculate LAR, was discussed. It was clarified that it does absolutely no good to use a more
precise algorithm for mission planning, since the crew should not deliver weapons outside the LAR displayed in the aircraft.
(Feb 04)

Concern was expressed that a weapon vendor may want to provide a more accurate LAR to prove that his weapon meets
all specification requirements. This may occur, but it should not be used to plan missicns because it will not agree with
what is displayed in the aircraft. (Apr 04)
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The size of the LAR greatly depends on the allowed probability of false positives chosen by the user. Therefore, different
aircraft could have different size LARs for the same weapon based on the user’s trade-offs between maximizing LAR size
and minimizing probability of false positives. These LAR sizes can be different than those used to verify weapon
specification performance. (Apr 04)

3.21 Common Coefficients (or not)

A goal was to have LAR coefficients that are common across aircraft types (for a given weapon). Although this is a goal,
and is expected to occur in some cases, it is not an essential feature. If a particular airplane has a reason to use unique
coefficients (tailored for their delivery altitude, or designed for a different LAR algorithm, for example), this can be done.
The time and cost of developing unigue coefficients (from an existing commen Truth Data Base) can be traded against

other integration costs, so if such tweaking will improve performance, it should be allowed. (Feb 04), revised (Apr 04)

3.22 Minimum Range/Safe Escape

A member suggested in
not appropriate. This is
and produces a differg

cluding minimum range or minimum safe escape criteria in the LAR. The gr
handled by mission planning, not the LAR process, because safe es¢ape in
ht set of constraints. For example, weapon explosive yield wouldbe an

model, and would prodlice release altitude or distance from target constraints. (Apr 04)

3.23 Holes in LARs

We discussed the ned
performance of the stg
prevent delivering weay]
of LAR graphics showi

d to display LARS with holes or other unusual shapes. Gaps or hole
re in that area is not consistent or assured. Thergfore, conservatism apq
ons to an area of the LAR near a hole. Also, dealing with holes in LAR calc
g holes would add significant complexity to therairborne software, contrary|

CLARA compatible with limited processing resources. The consensus was that the design of CL4

accommodate holes. (7
3.24 Standard Atmosp

The group had agreed
“standard day” as the d

hor 04)
here and Hot Day

previously to require use of-thies NOAA-S/T 76-1562 US Standard Atmosp)
efault.

A member stated that fhe resolution of typical \LAR models implemented in aircraft is worse than t

different atmosphere cq
users insist on having *
atmosphere model Hot,
are calculated based o
approach has been tak
input variable, and add

3.25 Input and Cutput

nditions; therefore having hot and cold day models is not of much value. O
hot” and “celd” day L ARs, therefore we must deal with this situation. A mem
Cold and Standard day conditions be an input variable instead of merely a ¢
N a cold dayi«standard day, and hot day (for example), this would result in th
en on at least one existing system. The group decided to define atmospheri
tto ICD\Table 1. (July 04)

Tables

bup decided that this is
olves additional inputs
nput to a safe escape

E in a LAR imply that
lied to the LAR would
Llations and generation
to the goal of keeping
ARA will not attempt to

here model 1976, with

he variance caused by
n the other hand, some
ber recommended that
bmment. If coefficients
ree times the data; this
c model day type as an

Input and output tables and examples were added to the Truth Data Generater ICD and changed several times. Some
argued that Tables 1 and 2, which list the input and output data elements, with units and ranges, are all that is needed as
the reguirement. Others wanted to include detailed input and output file formats, standardizing to a specific file format to
make the files machine-readable without interpretation. Various approaches to implement a position-based file structure or
a label-based file structure were reviewed. It was finally decided to leave the input file structure unconstrained and define a
specific output file structure in Table 3. One member stated that the standard output file structure is necessary because
this file is used in several places (specifically, in the data space generator and in the coefficient generator). (July 04)
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3.26 Terminclogy — Store Versus Weapon

The terms “store” and “weapon” were used interchangeably in earlier drafts. It was agreed that *weapon’ is the appropriate
term for this CLARA activity, since most of the other stores covered by 1760 are not launched against targets. This is not to
say that LARs cannot be used for other stores besides weapons. Stores can be launched to arrive at a targeted location
yet not have a weapon function. An example would be a store with a legistics or ISR pack that must go to a precise fixed

location. The CLAR ICD’s primary focus is weapons, even though it can be applied to other store types. (July 04)

3.27 Data Space Generator Process(s)

At least four techniques for determining which truth data points should be analyzed to develop an adequate truth data base

have been used or pr
developed in January

oposed. Each of these will be explained in the following sections.
2005, based on a decision to take detailed process descriptions out of

This rationale section was

he ICD and cover the

process in the Rational

Full Grid (scmetimes cz
Sobol Method
Response Surface Des
Boundary Search

3.28 Full Grid

Some suggested that t
choose truth data point
small increments over
When the number of in
s0 this approach was ¢

3.29 Sobol Method

The goal is to generatq
independent variable (K
s0 called Sobol sequen

Sequences of n-tuple
sequences. That term
are cleverly crafted to

maximally avoiding ead

E document.
lled full factorial or brute force)

ign (RSD)

ne cost of computer time and storage has decreased to the point that the eff

he full range of all the variables (e.g., altitude.from O to 80 000 ft, airspeed
crements in each variable is multiplied out, itvresults in an astronomical num
bnsidered unacceptable.

test data samples (‘truth footpnints') across the entire weapon launch enve
HAT, Mach, vertical velocity, etc.) according to an independent quasi-pseud
ce is one example of such a sequence.

E that fill n-space\more uniformly than uncorrelated random points ar
is somewhat of a-misnomer, since there is nothing random about quasi-ra
be, in fact, sub-random. The sample points in a quasi-randem sequence 3
h other.

The following excerpt flom adpaper by Dariusz Golda, Karl lagnemma and Steven Duibowsky of Ml

to the method:

brt required to optimally

s will cost more than simply testing all points overthe range of interest. The grid would consist of

from O to mach 2, etc).
ber of runs (e.g., 10™),

lope by sampling each
b random sequence. A

=l

called guasi-random
hdom sequences: They
re, in a precise sense,

I provides some insight

The Scbol method decomposes output variance into components based on Sobol’'s functicnal description.
sensitivity is then computed from the partial variances.
parameter sensitivity including nonlinear and interaction terms.

Parameter

Total sensitivity indices are computed to estimate individual
The Sobol method employs Monte Carlo methods to

estimate these terms with a relatively small set of model evaluations. Specifically, the total number of model evaluations N
needed to estimate the total sensitivity indices using this methed is N = n(k +1), where n is the number of samples used to
estimate an integral and k is the number of model parameters. By contrast, for a brute force approach with r levels the
number of model evaluations is N = r k. For good accuracy with the Sobol method approximately n = 1000 samples should
be used. With a brute force approach a minimum of r = 3 levels should be used. For k = 11 model parameters, the total
number of model evaluations for each method is (NSobeol = 12000, Nfacterial = 177147). Thus the Sobol method is
substantially more efficient in estimating nonlinear and interaction effects than the full-factorial approach for large
parameter sets, and makes the analysis computationally feasible. (Oct 05)


https://saenorm.com/api/?name=114cc12f208f3d31d43fc0ec34708a00

SAE AIR5712A Page 13 of 19

3.30 Response Surface Design Technigue

A Data Space Generator can create the Training and Verification sets by using Response Surface Design (RSD) modeling.
The word response means the output or the dependent variable in a process. The RSD technigue or process and
available software would generate RSD polynomial models through the outputs from the CLAR Truth Data Generator.
These outputs are miss distance, impact angle, and impact azimuth.

RSD is a Design of Experiments technigue that is most effective when there are less than five factors. Factors are the
independent variables or in this application, some cf the inputs to the CLAR Truth Data Generator. While five factors vary,
other variables will be held fixed. RSD uses at least three levels, which are the variations in an input parameter, for every
factor in the design. Table 1 contains the partitioning of the outputs from the CLAR Data Space Generator into variables
that are held static and RSD factors.

TABLE 1 - CLAR DATA SPACE GENERATOR STATIC VARIABLES AND RSD FACTORS

Variables That Are Static

While the RSD Factors Vary RSD Factors
lImpact Angle X-axis distance from aircraft to target point
Impact Azimuth Y-axis distance from aircraft to target point
Aaircraft Vx (inertial) Z-axis distance from aircraft to_target point
Aircraft Vy (inertial) X-axis speed at launch
Altitude (HAE) Y-axis speed at launch

f\ind Vx

fvind Vy
Atmosphere medel

Users of RSD often efnploy quadratic models to fit a polynomial“through the responses. |If wel dencte the quadratic
expressions with the letfer /, then the process of controlling thefruth data generation is characterizgd by

f X (targetPosition,targetVelocitﬁ missDistance
f , (targetPosition, targetVelocity | =| impactAngle
f ; (targetPosition, target Velocity) | | impactAzimuth

If the data is sufficient for RSD to generate’a good polynomial fit for miss distance, impact angle, anfl impact azimuth, then
the implication is that the overall CLLAR generation process can be characterized by performing thelinverse operation that
finds the footprint as a flinction of miss distance, impact angle, impact azimuth.

FlrissDistance impactAngle impact Azimuthtarget Velocity) = target Positibn

The parameters that are held constant as the RSD factor are varied are set at discrete settings. Examples of the
increments for these settings are shown in Table 2.

TABLE 2 - CLAR DATA SPACE GENERATOR RSD CONSTANT INCREMENTS

Parameter Increment | Number of runs

Aircraft Altitude (HAE) | 300 m TBD
Aircraft Vi (inertial) 20 mis TBD
Aircraft Vz (inertial) 20 m/s TBD
Impact angle /20 10

Impact Azimuth /20 40

Wind Vx 20 m/s TBD
Wind Wy 20 mis TBD
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Three different quadratic polynomials model the three responses. The form of the polynomials is
vy = b0 +b1 *x1 +...+b5 *x0 + b12 *x1 *x2 +b13 *x1 *x3 +...+b45 *x4 *x5 + b11 *x1% +.. +b53*x5?

This model fits the observed values of the responses, y (miss distance, impact angle, impact azimuth), to (1) main effects,
which are the linearterms x, , ..., X5, (2) their interactions (x:*Xs, X1*%3, ... ,X¢*Xs), and (3) their quadratic components (x12,
xs2). No assumptions are made concerning the levels of the factors, and the CLAR Data Space Generator can analyze any
set of continuous values for the factors. One set of continuous values is used for the Training set and one set of values is
used for the Verification Set. Table 3 contains the CLARA Data Space Generator definitions for the variables in the
quadratic model

TABLE 3 - MODEL VARIABLES AND CLAR DATA SPACE GENERATOR RSD FACTORS

Generic Model RSD Factors

X4 X-axis distance from aircraft to Target

X2 Y-axis distance from aircraft to Target

X3 Z-axis distance from aircraft to Target

Xa X-axis speed at launch

Xs Y-axis speed at launch

X1%s interaction between X-axis and Y-axis distance from aircraft.to Target

X1X3 interaction between X-axis and Z-axis distance from airCraft to Target

X1Xa interaction between X-axis distance from aircraft to Target and X-axis spegd at launch

X1Xs interaction between X-axis distance from aircraft fo'"Target and Y-axis spepgd at launch

XoXz interaction between Y-axis and Z-axis distance from aircraft to Target

XaXa interaction between Y-axis distance from aircraft to Target and X-axis spegd at launch

XoXg interaction between Y-axis distance from.airraft to Target and Y-axis spegd at launch

XaXa interaction between Z-axis distance from aircraft tc Target and X-axis spegd at launch

XaXs interaction between X-axis distance frem aircraft to Target and Y-axis spegd at launch

X4X5 interaction between X-axis and Y-axis speed at launch

% gquadratic effect of the X-axis digtance from the aircraft to the Target

Xo- guadratic effect of the Y-axis\distance from the aircraft to the Target

X3~ quadratic effect of the Z-axis-distance from the aircraft to the Target

X guadratic effect of the Xsaxis speed at launch

X5~ quadratic effect of the Y-axis speed at launch
The manner in which {he CLAR Data Space Generator picks the levels of the RSD factors is decided by the weapon
contractor as well as the resulting goodness of fit of the response models. Ultimately, the goal of selecting the levels of the
RSD factors is to ensufe success fopthe CLAR Coefficient Generator. To accomplish this goal, the RSD should consider
resolution, rotatability, gnd orthogonality.
Resolution describes tHe degree to which estimated main effects (the linear terms) are aliased (or confounded) with 2-level
interactions, 3-level intd rachons etc. In general the resolution of a deagn |s one more than the smallest order interaction
that is ahased with a m onis 3. A resolution d

design is excellent. To aoh|eve resolut|on 5 (or higher), the deS|gn should oonsnst of as many of the combinations of the
extremes for each RSD factor as possible and maintain rotatability and orthogonality.

A design is rotatable if the variance of the predicted response at any point depends only on point's distance from the
design center point. To measure variability, the CLAR Data Space Generator must have several repeated trials of runs
with the same input settings to measure the variability in the responses. Rotatability is related to how best to extract the
maximum amount of (unbiased) information from the design, or specifically, from the experimental region of interest and
leave the least amount of uncertainty in the prediction of other values.

Two vectors of the same length are orthogonal if the sum of the products of their corresponding elements is 0. Intuitively,
one can extract the maximum amount of information regarding a response from the experimental region (the region defined
by the settings of the factor levels), if all factors are orthogonal to each other.


https://saenorm.com/api/?name=114cc12f208f3d31d43fc0ec34708a00

SAE

AIR5712A

Page 15 of 19

The selection of the levels for the five RSD factors is the weapon contractor's decision. However, Table 4 offers methods

for selecting the cptima

| design.

TABLE 4 - CLAR DATA SPACE GENERATOR SELECTION OF THE RSD LEVELS

Method

Features

Comments

Sequential or Dykstra method

Fastest, but often fails to find cptimal
input conditions

Starting point f

or remaining designs

Simple exchange (Wynn-Mitchell) method

Adds and drops points from the lterative

design until no further improvement

is reached
DETMAX algorithm Will add or drop more than one point | Best known and most widely used
{exchange with excursions). atatime

Modified Fedorov (sim

Alfaneous switching)

Add or drop points from the design Unlike the sim

ple exchange, the

exchanges afrg

not sequential

Fedorov (simultaneous

Only a single exchange is made Scmewhat slo

switching)

The CLAR Data Spa
DETMAX algorithm co

Table 5 is an example
coded as +1. For ins
maximum X-axis down
as zero. |n addition to
For each entry in the
should be zero. This e

Note that not all combi
value is not in the desi
design to support the

levels for each factor (s

3.31 Boundary Searcl

A technique known ag
used to find a LAR, rat

All weapon footprint t
determines (based updg
desired end-game con
relative to that comma
times for the same lau
relative to the aircraft

e Generator recommends using the modified Fedorov to generate the

lld be used to generate the validation training sets.

RSD. The minimum values of each of the five variables are-coded as -1 whilg
fance, if the minimum X-axis downrange is 10 000 méters, then 10 000 a
range is 40 000 meters, then 40 000 are coded as +1 The midpoints of thg
the sample design, a partial check of the orthogonality condition is provided i
-axis distance column, multiply it by the entry ima@nother column. Add the
kercise of forming products and adding should-¢entinue for the remainder of

hations of extremes are included. For example, all 1's corresponding to all f
gn, nor is all -1's. The all midpoint cases.(all zeros are included). Star points
otatability concern. There are many, opinions as to how to add points and |
ee earlier discussion on optimal design methods).

1

boundary search has-been used in the various vendors' weapen footprint
ner than as a data space generator.

pols ultimatelysemploy a weapon flyout or trajectory model (i.e., 3-DOF,
n assumed.latinch condition, atmosphere / wind profile, intended target locg
straint / state where the weapon lands relative to the intended target, as wel
hded©rassumed. To search for the LAR boundary, the flyout or trajectory,
nch ‘Cendition, end-game scenaric and atmosphere / wind profile while pertun
ladnch point. In each case, the model is called by the footprint tool, mug

raining sets while the

e the maximum value is
re coded as -1. If the
range are then coded
N the last four columns.
products and the sum
he factors.

ve factors at maximum
should be added to the
hcrease the number of

tools. This is actually

5-DOF, 6-DOF) which
tion and commanded /
| as its end-game state
model is run repeated
bing the target location
h like a subroutine, to

perform the trajectory calculations which provide endpoint data needed to compare to success cri

eria in determining if a

prospective target is located within the weapcn's capability, relative to the aircraft, to accurately reach it. There are two
footprint boundary search methodologies that have been employed in the footprint tools provided by weapon vendors.

The first method involves a radial search about a point contained within the footprint. The tool initially performs a coarse
search along the aircraft track to determine if a capability exists there. If not, the tool will perturb the lateral displacement of
the prospective target in the direction of the commanded azimuth, relative to the assumed aircraft track at launch. Once
again it searches along the new track established, parallel to the assumed aircraft track at launch, in an attempt to find a
target the weapon can hit while satisfying all commanded and desired end-game constraints / states. It repeats this until a
footprint heel and toe are found. Once found, the tool will perform a refined boundary search on the footprint heel and toe.
Then the footprint tool begins a radial search, at fixed angles, about a point located halfway between the footprint heel and
toe. The search is performed in a coarse manner along each radial until a boundary point is found. Then, once the
location of that point is found, it is further refined with a smaller search increment. This is done until all radials about the

heel / toe midpoeint are

searched.


https://saenorm.com/api/?name=114cc12f208f3d31d43fc0ec34708a00

