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NATO Aircraft, Launcher & Weapon Interoperability — Teams

Team 1: ALWI Technical Architecture Team 2: Plug and Play Methodology

and Architecture
Consensus document for standards adoption

Development of plug-and-play approach using MDA

PnP PIM

Team 3: Universal Aircraft-Store Interface B

Assessment of USAF Universal Armament
Interface (UAI) approach

Aircraft System Ada

PnP PIM

e (L//M’{Sj Team 4: Plug and Play Implementation

Realizing MDA based specifications
in aircraft hardware and software
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Plug and Play Weapons

In a perfect world...
It should be possible to load any of these weapons...

¥

...onto any of these airframes...
...and make available a set of common core capabilities...
...even if some weapon-specific capabilities are not available
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Plug and Play Weapons

In the real world...
Weapons have differing capabilities and different comms interactions...
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Plug and Play Domain Architecture

Achieves Software System

weapon type
independence

Weapon Control

Existing Weapon | Future Weapon @apon specific plug-ins
Achieves
comms
platform . .
independence Communications

Existing Comms | Future Comms Qmms specific plug-ins

Achieves Technology Technology
execution
platform
independence xUML Execution Platform
Any Any @guage specific plug-ins
Operating System Language
Target Hardware \\L
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The ALWI Domain Architecture

Network Centric Operations
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The Data-Code Spectrum

A primary goal was to avoid changing existing certified modules at all costs

When adding a nhew weapon to an existing aircraft
1.  Capture weapon-specific behaviour in data if possible, but if not possible...
2. Capture weapon-specific behaviour in separate, small modules (domains)

a . Partially Data Driven, Fully Concrete,
Fully Data Driven, for weapons that have for'weapoens Whose

for weapons that have capabilities that can be behaviour is so
capabilities that can be fully partially described in data, Specialithey require
described in data but require some additional dedicated code
code modules

D i )
ata Tables (Objects i i
(Obj Plug-in domains
) 4: DataSet Table for Type OF Weapon State: AMRAAM Stat... [ — || =1 | (] W
SIBRIGERN Y e ., ]
weaponTypelame i Weapon Control

2 | AMRAAM POWER_ON_BIT 0
3 [AMRAAW DETERMINING_BT_RESULT |0 :
4 |AMRAAM OFF 0 ! ' '
S [AMRAAM INTIALISING_EFFECTOR 0 W W 1 v
B | AMRAAM FREPARING_FOR_LAUNCH | 10
7 | AMRAAR LAUNCHING 0 Existing Weapon Future Weapon
3 | AMRAAN POST_LAUNCH_GUDANCE | 50 Station Services (S_peci_alized] - (Specialised) - Photon
9 | AMRAAM ENGAGEMENT_COMPLETE |0 Sidewinder Torpedo
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Weapon Control Domain Classes — Overview

Wea pon Control vB

Tergat
Fostbon Eact

Targat
Yalonty Down

Mzl Dfhet
¥

T

P o St/

Pugibon
Dwwn

3 nrhromnies Time
WasEI

PEEeTae

The Weapon Control

Send Datatink

send Hewgston ek aibalzs bo o Messugs
M s ge Action Acton

EeEeE T e e

5 Gansn Outp

aentiy Message Wirdpr Firs M en
e T — | 3z
L SRS T

EERTmEEE

Messages

Domain is a
metamodel...

e

AT

P
w Laser Deaignation
Reaps soton

A s
@ e P

Specifialy Frocsssed input
WBsRage

Cansnnely Froc
nput Messspe

T —

o iy Fonseme ey (ue

nputtessags

PSRN
i
b T

e

et A A

Sang Generis Dulput Mersage

i

B

AR

A%

...that captures in
data the behaviour of
each weapon

on -

Dutput Mersage

npul MEssege Causing Trenefion

WRIOITI TR
e ot

memerosiewmgeSasre T ton

Type O Vbapon
Transthon

R T
o

o

Tipe BTVBapon Famiy

Hend Dutput Meszags aston

Visspon Speutic Action

PR R
s
OSDH ESIgR AR

e

wrmTAs AT

S ARATIRN

setion

sty
memeT G mbiene
p ]

R Sxtus! Ve pon with Generic Avtug Vlsepon w i) Spertic bk
Stek Mode Hodu

wemrlTy redlee T et

R . 7 fon Toesy
R@ { @ = e e
- B Nersr U e on peme s mUome e ner 4

ey e DODESR A e

e

Aotust Ve pan

Ty & ViR PIO

vemzrTneNEe

EEE TR e Fa

weszcriTmedisme
RSN
SspnReso T s

el miame
- vimmatiyre

5.

e T e

[ TR AT T

wasneriTmehiane

ComeoRT) nen e

o e oy BT B
peTesaiirEbE
el

WRIIT DR

SRl

BN

5 I o

e T et el

10

Use of MDA and UML in Developing NATO Standards KENNEDY CARTER




Weapon Control Domain Regions
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Isl&eﬁsemﬂn Station(}

Generic State Machines and Messages
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4 UPLOAD EFFECTOR DATA
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entxy [
$ start BIT timer
1.* |is caused by bitTimerEx pired()
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2 ANMRAAN BM_TIMER_EXPIRED POWER_OM_BIT DETERMINING_BIT_RESULT
3 ANMRAAN POWER_QOFF DETERMINING_BIT_RESULT | OFF m
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Generic State Machines and Messages — Adding A New Effector

Input Message
[ stiributes
inputMessageMame
inputMessageAddress

createlnputhlessage

R6

causes

* | is caused by

0.+

Input Message Causing Transition

_f weaponTypeName
inputMessageName
oldStateMame
newStateName

Type Of Weapon
Transition

weaponTypelame

®

Power On (1154

Iritialization

[Flux Gereratar Failure] ¥ DeadivateFluxs

(Part of) State Machine for Photon Torpedo

U\dSéateNISme |"-
newStateName .
ER —\] AtivateF uxGeneratar FhiontonCenerstion
Standby C 5
entry £ RunG eneratnj
v — 3
0 4: DataSet Table for Input Message Causing Transition:PHOTON TRANSITIONS = | =[]
& [& |- W 4, =
weaponTypeName inputMessageName oldStateName newStateName [Flux Generstor fully loaded)]
1 PHOTOMN TORPEDO INMALEZATION_COMPLETE INMALEATION STANDBY
2 PHOTOMN TORPEDO KRAAM COMP WMODE STANDBY KRAAKM COMPATIBILITY MODE
3 PHOTOMN TORPEDO ACTNWATE_FLUX_GENERATOR STANDBY PHOTOMN_GENERATION
4 PHOTOMN TORPEDO FLUX_gENERATOR_FULLY _LOADED | PHOTOWN_GENERATION | ACTMWE
5 PHOTOMN TORPEDO ASSIGHN_TARGET ACTNE TARGET_ASSIGHNED
6 PHOTOMN TORPEDO DEACTMWATE ACTNE STANDBY
T PHOTOMN TORPEDO TARGET_REJECT TARGET_ASSIGHNED ACTNVE
[+ PHOTOMN TORPEDO NO_TARGET TARGET_ASSIGHNED ACTNVE
9 PHOTOMN TORPEDO LAUNCH_TORPEDO TARGET_ASSIGHNED FREE_FLIGHT
10 PHOTOMN TORPEDO FLUX_GENERATOR_FAILURE PHOTOM_GENERATION | STANDBY
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Mapping PIM (xUML) to PSI (AADL)

xUML (Software) AADL (Hardware)
System > System
State Machine Process —>  Processor
Signal Event Thread (Group)

Operation Subprogram

Attribute Data — Memory
Service Port

Interaction Connection |—> Bus

Actor > Device
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The ALWI Process

System Model

A 4: DataSet Table for Input Message Causing Transition::PHOTON TRANSITIONS

(E=8 Bl <)

SSRNERAY e . DB

The ALWI process can be summarised as...
B Build and test a system model, using a precise modelling formalism
E Populate the code generator with the system model and platform-

specific configuration, and generate the target system

Populate

weaponTypeName

PHOTON TORPEDO

INTIALIZATION_COMPLETE

INTIALZATION

STANDBY

PHOTON TORPEDO

XRAAM_COMP_MODE

PHOTON TORPEDO

STANDBY

XRAAM_COMPATIBILITY_MODE

ACTIWATE_FLUX_GENERATOR

STANDBY

PHOTON_GENERATION

PHOTON TORPEDO

FLUX_gENERATOR_FULLY_LOADED

PHOTON_GENERATION

ACTIVE

PHOTON TORPEDO

ASSIGN_TARGET

ACTIVE

TARGET_ASSIGNED

@|oa| || en| o |13 | =

PHOTON TORPEDO DEACTIVATE ACTVE STANDBY
PHOTONTORPEDO | TARGET_REJECT TARGET_ASSIGNED | ACTIVE
PHOTON TORPEDO NO_TARGET TARGET_ASSIGNED | ACTIVE

PHOTON TORPEDO

LAUNCH_TORPEDO

TARGET_ASSIGNED

PHOTON TORPEDO

FLUX_GENERATOR_FAILURE

PHOTON_GENERATION

FREE_FLIGHT
STANDBY

System Generator

Plug-in
PIM-PSI
Mappings

xUML {Software) AADL (Hardware)
System System

State Machine ——é_—)@
Signal Event ——>|
Operation ——
Attribute  ——
Service —

Memary

i

Interaction ——>| Bus
T ——
Actor Device

Generate

Generated System

Generated
Platform-Specific
Implementation

Generated Aircraft System AADL
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Summary

From the ALWI Final Report:

“The proposed methodology for standardizing platform independent services is based on
the Object Management Group (OMG) Model Driven Architecture™ (MDA®) initiative.

The combination of MDA common services and common ICDs promises to offer ‘plug and

play’ in the long term.”

The ALWI xUML architecture and MDA process are to be used as the starting point for a new

NATO Study (5G125) for Unmanned Airborne Vehicles...

: 5‘!\ .
N~

JCGUAY Unmanned Air Systems (UAS)
MALE/HALE/Weaponization ST

Proposed NIAG Study on Weaponizing
Unmanned Air Systems (UAS)

1 April 2008
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