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FOREWORD

Pilots’, mission planners’, and trainers’ common objective is to deliver air-launched weapons within the weapon's
performance envelope called the LAR.

The LAR is the region in space from which a released weapon could successfully guide to the target. Typically, the
aircraft displays an approximation to the LAR using a mathematical model commonly referred to as the LAR Algorithm.
The weapon may also run the algorithm and pass the approximation of the LAR to the aircraft.

As a result of independent attempts by aircraft manufactures, weapon manufacturers, and program offices to develop and
implement a LAR Algorithm, multiple LAR approaches exist that are expensive, ill-maintained, and time-consuming.

In an effort to improve this business practice for future weapon integration projects, the U.S. Air Force EWSR formed a
TG to study the feasibility of developing a Common LAR (CLAR) approach. The EWSR TG surveyed weapon and aircraft
contractors to determine the best solution for the CLAR approach. The EWSR TG completed the survey and presented its
recommendations to the EWSR on 4 August 1998. One recommendation was to design LAR algorithms so that weapon
manufacturers or aircraft offices can make performance improvements through coefficient updates. This recommendation
serves as the underlying requirement that the LAR Algorithm be coefficient-based. Another recommendation was to
standardize the LAR development for all systems. The EWSR then requested the assistance of the SAE to further
develop and document an approach that would standardize the development of a coefficient-based LAR process. In
response, the SAE created the AS-1B5 CLARA TG (AS-1B is the Aircraft-Store Integration subcommittee under the SAE
AS-1 Aircraft Systems and System Integration committee. The number five denotes the TG within AS-1B).

The CLARA TG identified four steps to develop and implement the CLAR process:
1. Develop functional and performance specifications

2. Develop interface control documents

3. Perform algorithm trade studies

4. Implement a promising set of algorithms to demonstrate feasibility
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The four functions that the CLARA TG identified are:

1.

2

3

4

Data Space Generater
Truth Data Generator
Coefficient Generator

Reconstructor

External to the above four functions are the Truth Database and the LAR Algorithm which provide ancillary support to the
CLARA process.

This ICD addresses the functicnal specifications and the interfaces of those functions.
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1. SCOPE
1.1 Introduction

CLARA identifies four functions: Data Space Generator, Truth Data Generator, Coefficient Generator, and Reconstructor.
Together these four functions standardize the solution to the LAR problem. This ICD defines the logical interfaces of the
four functions.

12 Purpose
This document specifies the CLARA interfaces of the Data Space Generator, Truth Data Generator, Coefficient

Generator, and Reconstructer functions as shown in Figure 1. The weapeon and delivery platform developers define the
details of each function.

Truth Data
—»| DataSpace |—P Generator
Generator
T —
Coefficient Generator —p| Reconstructor [— )

FIGURE 1 - CLARA SIMPLIFIED DIAGRAM

The Data Space Generator selects a representative set of discrete release conditions, (such as altitude, wind, speed, and
release flight path angle) from a continuum of release-condition possibilities. For each set of release conditions, the Data
Space Generator defines a corresponding grid of target points. The subset from the multi-dimensional space of discrete
release conditions, along with their corresponding grid of target points, wind constraints, and impact angle constraints
serve as the input to the Truth Data Generator. The Truth Data Generator uses the Data Space Generator output to
calculate the achieved impact parameters (velocity, angles, and miss distance). The Truth Database stores the release
conditions and the achieved impact parameters for each target point.

The Truth Data Generator generates impact data sets for the Coefficient Generator. The Truth Data Generator uses a
model of the weapon system that predicts weapon delivery performance to a predefined accuracy. The weapon model
may use Six-Degrees-Cf-Freedom (6DOCF) or another mathematical representation that meets the objective for the
weapon system LAR.

The Coefficient Generator generates coefficients for a mathematical fitting model. This mathematical fitting model is
commeonly referred to as the LAR Algorithm.

The output of the Reconstructor is an approximation of the original weapon footprint data based on flight and environment
conditions. The Mission Planning, Trainer Systems, and weapon delivery aircraft use this approximation.
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2. REFERENCES

2.1 Applicable Documents

The following publications form a part of this document to the extent specified herein. The latest issue of SAE publications
shall apply. The applicable issue of other publications shall be the issue in effect on the date of the purchase order. In the
event of conflict between the text of this document and references cited herein, the text of this document takes
precedence. Nothing in this document, however, supersedes applicable laws and regulations unless a specific exemption
has been obtained.

211 SAE Publications

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323 (inside
USA and Canada) or 724-776-4970 (outside USA), www.sae.org.

SAE ACE Paper 2001-01-2953 titled “Common Launch Acceptability Region Task Group”
AIRS712 Commen Launch Acceptability Region Approach (CLARA) Rationale Document
TSB 003 Rules for SAE Use of S| (Metric) Units (as issued 1963-06 and revised 1998-05)+
2.1.2  NOAA Publications

Available from U.S. Government Printing Office, 732 North Capitol Street, NW, Washington, DC 20401,
http:/fcatalog.gpo.gov.

NOAA-S/T 76-1562 US Standard Atmosphere, 1976

2.2  Definitions

221 LAR and Footprint

Given a set of release, environmental, target, and missicn conditions, a footprint is the area on the ground within which
the weapon can impact and a LAR is the geometric region where if the weapon is released, the weapon can impact the
target. A footprint is referenced to the release platform and it moves along with the release platform. A LAR is the footprint
transposed to the launch plane and is referenced to the target position.

The CLAR process uses footprints; however, the implementor may choose to transpoese the footprint into a LAR.

2.2.2 Training and Verification Truth Data Sets

Training Data Sets are used to develop or train the CLAR Coefficients. Verification Data Sets are used to verify that
footprints generated using the CLAR Coefficients meet the defined criteria. Both Verification and Training data sets come
from the same release envelope (the optimization envelope input space over which the coefficients are hypothesized to
apply), but from different points within.

223 Coordinate Systems

2231 Launch Coordinate Frame

The launch coordinate frame for launch states and aimpoint locations is an aircraft-centered, local level, right-handed

coordinate system with X-axis pesitive forward along the horizontal component of the velocity vector, and Z-axis positive
down. The origin (0,0,0) is the position of the weapon at launch.
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2232  |mpact State Coordinates

The Impac State coordinate system is defined as the launch coordinate frame with the origin translated to the aimpoint
(Desired Impact). Impact azimuth is positive from the X-axis toward the Y-axis and is the angle between the X-axs and
the weapon welocity component in the XY plane at impact. Impact Angle is measured from the horizontal plane toward
the Z-axis in the plane that includes the weapon velocity vector at impact.

2233  Wind Coordinates

Wind shall be defined as a velocity wector in the launch coordinate frame, i.e ., tail wind is defined as positive Wind W,).
2234 ‘Weapon Coordinates

Figure 2 illustrates the weapon's coordinate system. The weapon's body axis system consists of an orthogonal triad of
s, A, Y, @and 2, with origin (0,0,0) at the fixed location determined to be the optimurm for that weapon (for example, &t

the center of mass). The X, axisis positive in the fonward direction of the weapon. The'Y,, axisis positive to the right of
the forward direction of the weapon. The £, axis is positive down through the lower side of the weapon.

FRL,

\ i
Y o = Achieved Angle of Attack

B = Achieved Angle of Sideslip

Yw
_——TImpact Azimuth (Negative in this case)
_;—'-'_'_'_—

Actual Impact

Impact_~ Target Point
=
P Impact Position X
Miss s with respect to Target
Distance - W \\
5 i : 3 : R \ Xy
Note: X1 is parallel to the aircraft’s flight L )

vector at launch and has origin at the target. -
- = Impact Position Y

with respect to Target

FIGURE 2 - WEAPON IMPACT RELATIVE TO TARGET

The weapon's attitude relative to the inertial velocity vector is defined by the inertial Angle of Attack (IAOA) in the weapon
(#, Z) plane andthe inertial Angle of Sideslip (1AQSS). The order of rotationis: 1ACA and then 1ADSS.

The weapon impact point (or function point - in the case of a store that does not impact) is a point some miss distance
from the target point on the same horizontal plane. For consistency, this document uses target point to represent desired
impact point, function point, or aimpoint. Figure 2 demonstrates weapon impact angles, velocity, and angles of attack and
sideslip. Datafiles contain these impact parameters along with miss distance for the CLAR process to use to construct
the weapon's foctprint.
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