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THEME

The pace and compiexity of modern air warfare are reaching the point where advanced computer aids are becoming
essentia: ;0 assist the air crew in the aircraft and the communder on the ground in performing functions that hitherto had
beer. considered o be their prerogative. This Symposiun: considered the advances in and practical apriication of advanced
computer aids in terms of its impact on svionic systems design in both manned and uumanned aircraft and weapons systems
and on the total air warfare command and coutrol envircament including communications, electronic warfare, intelligence
gathering and operational planning.

Computersmllre.dyusedextumvelymunopennonmdoonlrolofspeclﬁctypao(eqmpmem.suchlsndvanced
weapon systems, surveillance radars, electronic warfare and communications systems. However, in the broader context there
are still many areas which rely heavily on human decision making and where the usre of computers will have considersble
impactinthefumre. ‘_,

The increasing use of Artificial lmdbm(Al)wchmq\m,mdudlmlmelhml Knowledge Based Systems (IKBS) and
Expert Systems will at one extreme ailow decision-making 10 be increasingty automated or controlled by non-expert
personnel and at the other extreme greatly extend the capabylities of military commanders by presenting information in a
timely manner and by making rapid assessment of alternative strategies. Such facilities become even more important in
situations where the personnel are at personal risk. New computer architectures promise to facilitate the processing of even
greater quantities of data at high speed through the use of techniques such as parallel processing and networking of systems.

_The successful apphcauon of computers should provide improyed effectiveness, ﬂexlhhtyandrelubnmy of both men
and cquipment resulting in a saving of resources and personnel.- d/(/ Cyuwur 450 r hF.c L
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La rapidité et l» complexité d'unc guerre aérienne ont attein( un niveau tel que les Aides-Informatiques de technologie
avancée deviennent essentielles pour assister aussi bien les équipages dans leurs avions que le commandement au sol dans
I'accomplissement de leurs fonctions, taches qui jusqu'ici étaient considérées comme ne ressortissant que de leur seules
prérogatives.

Ce Symposium a étudié les applications avancées et pratiques des Aides-Informatiques de technologie avancée en
termes d'impact sur les concepts des systémes avioniques pour les avions pilotés ou non ct les systémes d’armes dans
T'environnement global d'un commandement ¢t de controle de guerre aérienne comprenant: les communications, ls guerre
€lectronique, le re. cil des renseignements et les plans des opérations.

Les ordinateurs sont dés maintenant utilisés dans la misc en oeuvre et le contréle de types d’équipements spécifiques
tels que: Systémes d’armes avancées, Surveillance radar, Systémes de guerre électronique et de communications. Cependant
dans un contexte plus élargi, il y a encore beaucoup de domaiies qui dépendent encore étroitement des prises de décisions
humaines et ol 'utilisation des ordinateurs aura un impact considérable dans I'avenir.

L’accroissement de Femploi des techniques relatives i I'lmtelligence Artificielle incluant les systemes basés sur la
connaissance de l'intelligence ct les systémes experts pourront d'une part, permettre un:: automatisation accrue des prises de
décisiuns ou d'étre mieux controlées par un personne! non spé sialisé, et d'autre part,d”  .ndre largement les possibilités du
commandement militaire par la présentation de maniére opportune et dans les évaluations sur i'alternative stratégique.

De telles facilités devienncnt encore plus importantes quand les situations ot le personne] est un personnel a risque. Les
architectires des nouveaux ordinateurs permettront de faciliter le traitement et la qualité des données, & grande vitesse, par
I'usage de techniques telles que le traitement en paralléle ct le maillage des systemes.

Le succes de 'emploi des ordinateurs devrait fournir une amélic sation de l'efficacité et de la flexibilité A 1a fois de
I'hoinme et de I'équipement; ce qui aurait pour résultat I'économic des ressources et du personnel.

:

-

e e i ———— =

an. A=




et e s

TECHNICAL PROGRAMME COMMITTEE

PROGRAMME CO-CHAIRMEN
Dr R.Voles Mr TJ.Sucts
Chief Scientist Associate Techhical Director
Thom EMI Electronics Ltd for Technical Planning & Program
120 Blyth Roed Imtegrstion
Hayes, Middx UB3 2AX Research and Developmient Center
UK US Army Communications-Electronics Command
Telephone: (01) 1573-3888 Fort Monmouth, N.). 07703-5201
Telex: 22417 usa
Telephone: (201) 544-3294
PROGRAMME COMMITTEE
Mr H.1 .Schiebschick Prof. L.Gerhardt
Deputy Diretor Chairman, Electrical, Compiiter &
SHAPE Technicai Centre Systems Engin. Dept.
P.O.Box 174 School of Engineering
The Hague Rensselaer Polytechnic Lastitute
Netheriands 110 Eight Street
Telephone: (70) 245-550 Tioy, N.Y. 12181
Telex: 31472 Tekephone: (518) 266-5316
Ing. L.Crovells Mr ). Whalley
Acritalia-Societa Acrospazinle B.Ae Aircraft Group
Gruppo Equipaggiamenti Weybridge Division
Caselfe Plant Manager Chester Road, Woodford. Bramhall
10072 Caselle Torinese Stockport, Cheshire, SK7 10R
Torino UK
ltaly Telephone: (0; 61-439-50-50
Telephone- 011-991-362 Ext: 3419
Talex: 210086
Dipl. Ing. W Kuny
Mr J.Darey MBB GmbH
Directeur Adjoint des Etudes et Dept. FE4/LKE 44
Synthéses Postfach 80 11 60
ONERA R000 Miinchen 80 \
29, Avenue de Ia Division Leclerc Federal Republic of Germany
92320 Chitilion-sous-Bagneux Telephone: (089) 6000-4447 !
France Telex: 5287-925 i
Telephone: (1) 557-11-60
AV(OMICS PANEL EXECUTIVE i
Lt. Colonel M.Stratton, US Army
From Europe From the USA and Canads
AHGARD-OTAN AGARD-NATO
7, rue Ancelle APO New York 09777
92200, Neuilly-sur-Seine
France

Te'vpi.one; (PARIS) (1) 47 38 57 67
Telex: 610176 AGAPD

&>

EOTRNEN

mm e e ————

T i ¢ —y—— -




CONTENTS

THEME

AVIONICS PANEL OFFICERS AND PROGRAMME COMMITTEE
TECHNICAL EVALUATION REPORT*®

SESSION I ~ EXPERT SYSTEMS

THE USE OF KNOWLEDGE BASED SYSTEMS TECHNIQUES IN ESM PROCESSING
by J.H.Palfreyman 1

DARPA'S AIRLAND BATTLE MANAGEMENT PROGRAM AND USAF'S TACTICAL EXPERT

MISSION PLANNER (TEMPLAM)
by PF.H.Priestll

KRS: A KNOWLEDGE-BASED MISSION PLANNER
by K.M.Beoner and M.L.Hikton

SESSION I —

DECISION AID FOR THREAT PENETRATION ANALYSIS
by RJ Kruchten

ARTIFICIAL INTELLIGENCE AND ITS IMPACT ON COMBAT AIRCRAFT
by L.M.Ott, K.Abbstt, A.Kleider, D.Moon and J.P.Retelle 5

Paper 6 withdrawn

B s RGBT . col s L s 1%%‘”

SENSOR INTEGRATION 4

ADVANCED SENSOR EXPLOITATION
by J. Antonik and L.E.Converse Jr

INTEGRATED MULTISENSOR TARGETING ‘
by P.G.Krueger, E.Benites, D.W.Cowan, W.R.Ditzler and A.G.Su:iton 8

SESSION ! — HARDWARE

MACHINE ARCHITECTURES FOR ARTIFICIAL INTELLIGENCE COMPUTING
by R.P Kirech and C.H.Helthocker

NEW TECHNOLOGY IMPACT ON FUTURE AVIONICS ARCHITECTURES
by R.S.Mejaak 10
THE DIGITAL COLOUR MAP SIMPLIFIES GROUND ATTACK OPERATIONS

by D.W.Hussey 1 )

PLANNING AND CGf:TROL

CONSOLIDATED LAND ATTACK MISSION PLANNING STATION (CLAMPS)

by R.T.Hintz, M.J.Boyé sad D Lubben 12

AUTOMATION STRATEGY AND RESULTS FOR AN AIRBASE COMMAND AND CONTROL 3
INFORMATION SYSTEM (ASCCIS)

by R.P.de Moel and W.N.van Dranen 13

*Priated ia classifion publicatioa CP 404 (Supplement)




SESSION IV — HARDWARE

CALCULATEURS SPECIALISES POUR LA POURSUITE MULTIMODES SUR IMAGERIL®
por T.Ferre

L'ERGGNOMIE DU P)S1IE DE PILG TAGE FT LES IMAGES NOUVELLES®
par CMavrean

MISSION MA. .AGEMENT AID FOR HIGH PZRFORMANCE FIXED WING AIRCRAFT®
by J.H.Powell and B.H.Adssse

WEAPONS AND AVIONICS CONCEPTS FOR IMPROVED CLOSE AIR SUPPORT ATTACK®
by RA.Ericksow

TARGETING AND WEAPONS REQUIREMENTS IN CLUSE AIR SUPPORT STRIKE OPERATIONS
by RA.Erickson

GOAL DIRECTED MAN MACHINE DIALOG FOR AUDIO INFORMATION PROCESSING®
by D.B.Stockton and EJ.Cupples

FUNDAMENTALS OF MMI FOR FUTURE COMPUTER AIDED AIRCRAFT®
by W.E.Brydon and J.A Stanger

SESSION V — SENSOR INTEGRATION

A RADAR INTEGRATION SYSTEM FOR THE NATO INFRASTRUCTURE PROGRAMME*
by K.D.Foidham, D.A.Chapman and A.S Younger
EXPERT SYSTEMS

TENUE A JOUR DE STTUATION PAR SYSTEME EXPERT
par G Kitten et L.le Guinquet

COMPUTER AIDED MISS:ON PREPARATION AT AIRBASE LEVEL®
by P.J.M.Urlings ané A.L.Spljkervat

Paper 23 withdrawn
THE ADX: AN EXFERIMENTAL EXPERT SYSTEM FOR AIR DEFENCE THREAT ASSESSMENT

AND RESCURCE ALLOCATION®
by S.Middieton and P.R. Wetherall

SESSION V1 — PLANNING AND CONTROL

SYSEMS INTEGRATION, A SENSIBLE APPROACH TO COMMAND AND CONTROL®
by W.J.Breckner and R.Reynolds

THE OPERATIONAL C°1 SYSTEM FOR THE FRENCH TACTICAL AIR FORCE*
by P.Georges

LUTILISATION DE CALCULATEURS MODERNES DANS LE FUTUR SYSTEME DE
COMMANDEMENT ET DE CONTROLE AERIENS DE L'OTAN®
per J.P.Chauvet de Beauchene

COMPUTER AIDED SENSOR PLACEMENT OPTIMIZATION
by A.Kalosdager and W.Rath

AUTGMATED INTELLIGENCE DECISION AIDS*
by A.C.Disca, M.J.Risicy and A.F Sistl

Reference

14

15

16

17A

19

21

2

24

27

bt

29

“Printed in classified pubiication TP 404 (Supplenent)




0%

T AT R YRR T

¥
z
i
¢

*Wﬂw Deal'aio s ;,n;'y v

ATTACKING SECOND ECHELON GROUND TARGETS, SOME PROBLEMS IN PREDICTION
OF TARGET POSITION AND ALLOCATION OF ATTACKS®
by E.M.Dowilen, B3 Bacle and C.J.Harmer

SESSION VIt
PLANNING AIDS FOR FUTURE AIRBORNE BATTEFIELD SURVEILLANCE AND TARGET
ACQUISITION®

by G.A.Ward and A.J. Furniss

AN INTEGRATED AIRCRAFT NAVIGATION AND DISPLAY SYSTEM UTILISING AN ON-BOARD
COMPOSITZ DATA BASE

b M.L.Busbridge and D.J.Puleston

DIGITAL MAP DISPLAY*
by W.Hornfeld and W .Heinisch

30

n

33

*Printed in ciassified publication CP 404 (Supplement)




THE USE OF KNOWLEDGE BASED SYSTEMS TECHNIQUES
IN ESM PROCESSING

by

J.H Palfreyman
Business Develop neat Manager — Electronic Warfare
Software Sciences Ltd
Farnborough, Hampshire GU14 7NB
UK

AD-P005 425

SUKMARY

“:l The Elactronic Support Leasurcs (ESM) System attempts to detevt, analyse and classify sources of radio and
radar emissions in the environment. The EBN system provides valuable emitter clas“ification inforsation
to the host platform's Command and Control System or associated Electronic Countermeasurea (ECM)
equipment. However, the current generation of Automatic RSN systwas oftsn produce ambiguous or ingsorrect
emitter classifications in the advurse conditions of actual conflict. This paper describes the A
application of Rnowledge Bassd Systeas techniques to ESN proocessing and outlines the development and
evaluation of a Knowledge Based T38M aystem wo0del aimed epecifiocally at improving the emitter
classification capability of automatic ESM. (»-\\
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Command and Control
Current Emitter File
Continucus Wave
Direction Pinding )
Clectronic Coumt :
Blectronic Support Neavures 4
Rlectzonic Warfare

Blectronic Warfare Scenatio Generator
Blectronic ln‘un Receiver Nodel
Giga=-Herts (10 Hs)

nowledge Bused Electronic Support Neasares
Knowledge Based Systea "
Taowledge Source

Pulse Repetition Interval
Plue Width

Raedic Presquiency

Time of Arrival
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2 ELECTRONIC SUPPORT MEASURRS

F 3| fhe Blectromic Support Neasuress (GSM) wsystem is Oomoerned with the detention, analysis and
classification of radio and radar signals. ESN provides details of the signal enviroument vither to the
hoat platform's Command and Control System, Yor use in tactical situatiun assesssent or to an integrated
Blectronic ¢ o8 (BCH) system. Thie paper will be rustricted to the discuseion of Radar RSN,
although the techaiques dsacribed in subsequent sections will be generally appliocable to radio frequency
B8N systs ».

LU 1]
ASUTY

O
T

o Sig-al Detestion
LG L] o Bearing / O Reanerssent
o Peltenidth { 108 Ressursment
o Oeinterleaving ooy
o Prafiltering
o Prinery Parosater PN
Derlvatien
® Parsater Radulatisn dmaipaln
i & tsitter Fils Rensgesant
o (altter Clonslfication
o rioctiso o 1 faterfacing
Syeten ® Sratem Cestrel
L}
& Coveater Intarfacing AAR RACHIOL
® Display Nanagesest JLUTLENS
FIGUAE | ESN SYSTEM BLOCK DIAGRAN
2.2 The block diagram of a typical Automatic RSN Systea is presented in Figure t. The systeam 1a

ocoaposed of the following subsyatems.

the Antenna and Receiver

g
-
|
:

the Man-Machine Interface

2.3 The Antenna and Receiver must be capable of detection of all radar froquencies used by own
forces, neutral and ensmy radar sets. The typical frequancy coverage is 2-18 Gix although extensions to
cover the millimetric wavelengthas above 18 GHs are becoming of inoreased isportance. H&imilarly the
sub-gystem sust ba able to detect sigmals arriving at all asimutlk angles arocund the hast platform. The
receiving unit Jdetevts 1acidint aignala (abova aystes senaitivity) and wassures the asignal
characteristics. The characteristics of a typical rulsed radar signal that are mesasures by the receiver
are:

- Angle of Arrival (bearing)

- Carriex Prequency

- Pulse Width

- Amplitude

- Time of Arrival

2.4 However, sinoce the receiver will deatect and msasure each incident pulse in chronological order,

the receiver output will require sorting to recomstruct pulee chains from the individual emitters in the
environment. This sorting prooess 1is oarried out by the Pre-procwssing element of the system, and is
termed 'De~interlesaving'. The aim of the de-interleaving function is to produce just one pulee chain for
each detectable emitter in the esnviromsent, although this is seldom poseible in practice.

2.8 The Pre~prooessol slement alsc acts s a data rats reduction mechanisam to ensure that the main
Processor can oope W. i its pulse chain analysis, clsssifioation and sytem ocontrol tasks. In addition,
the Pre-proosssor removes all unvanted pulse data (e.g. from high duty rate emitters) tha: had previously
besn analysed and classified by the system to further & the mainp load.

2.6 Bach pulse chain derived by the de-interleaver is either sssoviated with a current eatry, or
creates a new entry in ths Current Emitter Pile (CEP). Subsequent analysis of the interpulse modulative
of the K, PRI, MW and SoAn Darasssrs are stored against this CEF entry.

2.7 The CEF maintensnoe algorithms attempt to solve the problems created by the ds~interleaver and in
particular the ction p is based largely upon parameter matching techaiques - that is pulse
chains are combined with axismting CEP eatries if their paramesters sset soma form of matohing oxiteria.

2.8 The Nodulation Analysis Functions within A ic M mpt to gaent the basic pulse akain
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parameters produced by the de-interleaver (i.e. bearing, RPF range ato.) with datails of how the pulse
pacamatars vary over the detected pulse chain. The Radio Frequency, Pulse Repetition Interval and Pulase
width paramsters are often analysed by the compilation of parameter occurence histograsms. These are
subsequently interpreted to give the modulation details of the particular paraneter.

1.9 The asplitude modulation of a pulss chain can be analysed to produce an indication of the
periodicity and £ scen ttern of the target radar. This information yields important extra
information for use in the chnlno-non prooses, and the function is termed Scan Analysis.

2.10 The emitter classification function is accomplished by comparing the p ters of a particular
CXF entry with each record in a library of known emitter characterietics. This library contains
parametric detalls of all radar eamitters within the asysteam's frequency coverage that are likely to be
sncountersd in & particular operational situation.

.11 The library ocomparison process results in a candidate set of em'tter records from the library
wvhich match the CRP entry. This candidate set is then subjected to confidence assessment vhich produces a
msasure of the accuracy with wvhich the CEF entry paramsturs satch those of the library entry. Thia
confidence indicates the likelihood of each candidate emitter type corresponding to the particular CEP
entry.

2.12 ESN systems can be used in a variety of different roles in a conflict situation, including:

a) SELP PROTECTION - in association with ‘hard kill' (e.g. ship to ship missile systems) or ‘soft
k111’ (e.g. Electronic Countermeasures) systems; the ESN esquipment ocan help protect tha host
platform against radar-assisted attack.

b) TACTICAL SITUATION ASSESSNENT - since the ESK system providea emitter classifioation data, it is
obviocusly complemsntary to primary radar (which measures rangs and bearing of targets) in the
assessment of the host platform's tactical environment.

c) EARLY WARNING - it ie often possible to detect targets at long ranges from the host platfora
using ESK, even outside the primary radar's coverage. It is also possidble in certain situationa
to detect, analyse and classify radars over the conditions by axploiting Anoma’ >us Propagation
(ANAPROP) conditions.

It is therefors cbvicus that ESN wust bu ocapable of deriving high quality emitter classifications to
fulfill these important roles and to be fully effective.

2.13 However, Automatic E8M gystems are required to operate iu a number of adverse condltions which

nakes the successful classification of emitters difficult. These adverse conditions include.

- the very high pulse data ratea that may be detected by a senaitive ESR system in poatulated
oconflict scenarios.

- the trend towards usage of radars exhibiting ocomplex modulation stratagius, wvhich sake the RSM
systems deinterleaving and analysis tasks difficult.

- the presence of nolse jasming in the environment, which adversely effects certain receiver
types.

- the presence of high powered 'friendly' radars in the vicinity of the ESN systea which can

serlously impeds certain aspecta of system performance.

2.14 Noreover, the atructure of the current ¢ ion of Aut tic ESN sy implies that errors
arising at the reoceiving stages due to thess adverse operationil conditions are propagated through the
de-interleaving and sodulation analysis elements. As a direct consequence of this arror propagation, the
classification function often produces highly ambiguous (i.e. several poseibla emitter classifications are
presented) or in the limit erronecus results.

3 KNOWLEDGE BASED ESN SYSTEM DEVELOMMENT

3 To directly address the emitter classification problem described in the last section, and with
the overall aim of improving BSN eystes o!toctlnlpn. Software Sciences Ltd embarked on a
privataly-funded Knowledge Based ESN Systea (KE-ESN) devslépment programms.

3.2 The aims of this davelopment were ssveral fold, namely

- to improve the overall performance 5f automatic FEM by optimising the processing subaystes

- to apply novel hardware and software architectures to achiewve this optimal processing

- to assess the improvement that KBS techniques could offer in the classification of radar
emitters,

- to develop a comprshensive ESN System REvaluation facility using a suiti of wodelling programs.

3.3 During the initial phases of thie development, a comprohensive survey of the types of Knowledge

Based Bystem (XBS) which ocould be used in ESN processing was undartaken. As a result of thia survey, the
Blackboard Architecturs was chosen because of its flexibility and suitability to the complex time varying
signal analysis problems of ESM. The Blackboard Architecture was originally developed for use in spesch
understanding and has subsequently been used for a viriety of applications including Sonar Classification
and Seasor Data Pusion.
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3.4 ‘There are three componerts of the Blackboard Archiitecture:-
- the Blackboard

- knowvledge sources, and

- the scheduler

The Blackboard is a struntured global data bass which vy b subdivided into levels, panels and
entrivs as shown in figure 2a 4pprof . iate to the particular 1. lication. The levels usually represzent
'levals of abutraction', where the lowest level reprwsents, f: ° example, raw Cata natherud from a
tr or senso. and the hichest lavels represent high confilence information deduced from the lower
levels. Seve-al different types ¢t entry may axiat at each lewvel.
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3.5 The Xnowledge Sources mani-sulate, create or consume entries on tha 3lackboard based upon

procedures (algorithalc) or declarative (rule-based) kaiowledge. An srample knowledge source (XS) is shown
La Pigure 2b. Each K8 has a conditior part and un action. 1f the condition part (which refers to entries
on the Blackboard) evalustea to be true, then the K8 bscomes a candidate for activation and as such is
placed on un Agenda. If it is activated, its action part will run causing modification to the Blackboard
contents.

3.6 The selection of a K8 from the Agenda to run ls performed by the scheduler, the action of which
is shown in Yigure 2¢. The way in which the s«chedular selecta the K§ fxom ths Agenda on any particular
cycle of ops stion is totally adaptive and in general would also depend on the contents of the blackboard.

3.7 Ths aaln features offered by a Blackboard approach ar applied to ESM processing are:
- the support of the hypnthesis and Test paradigm, vherebr initial emitter classification
hypoth are f d and beeq ly validated or Adisproven by the application of special

purpcse analysis techniques to the pulse chain data.

- the capability to alter the processing priorities adopted within the systea according to the
current oituation, in contrast to th: rigid priorities imposed by the more conventional system.

- the ability to allow the system to choose one of several pulse chain analysis algorithms
according to the circumstances, for example, special purpose modulation analysis techniques are
used to make use of ‘a-priori' information of previously detected saitter types or az part of the
hypothesis testing process.

3.8 To make full use of these features, a Xnowledge Based RSH system model was davrloped to prove the
functionality of the Blackboard approach and to gather performance metrics for use in optimisation of the
XB~-E8M system towards real time operational usage. The KB-ESN system model incorpor:.tes all necessary
features of the ESM processing system, including.

- A da-interleaver which is under the full contrcl of the Blacktcard mschanisms.

- RP, PRI and MW modulation analyeis algorithns.

- Emitter Classification algorithms (including library access and hypothesis and test)
- Special purpose display formats

- Adaptive system control and schel ." .ng
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3.9 The KB-ESM system model ruus on a VAX 11 series computer under a Knovledge Based Syscem
davelopment environment called POPLOG. The development and sudsequent t carried ocut to date has
shown that within a coantrolled evaluation environment, the KB-ESN syrtem modsl is able to produce
consistent unambiguous emitter classification results.

3.10 Much of the improved classification capsbility is due to the application of the hypothesis and
test technique. The amitter hypotheses are formed by accessing the eamitter 1library with coarse but
reliable pulse chsin parsmaters in much the sam¢ way as current generation systsms. Each candidate
emitter is then subjecied to a verification prozess using distinguishing features of the emitter retricved
from the library record. Thig information is used as the basis for the ‘a-priori’ analysis of the pulse
chain in question to prove or disprove the existence of the candidate emitter. Only emitter
classifications validated in this way are presented to the operator as ocorrect classifications hence

decreasing the probability of srronecus or ambigucus results. This pr is 121 4 in Pigure 3.
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3.1 In addition to providing reliable classification of a c-rrectly de-interleaved pulse Jhain, the
evaluation of the KB-ESN asystem wodel has proven its capablility to classify several separaie emitters
which are initially placed into a single pulse chain due to their close parametric proximity.
Furthermore, the K3-EiM system wodel can fully bine split pulgze chains from a wide band

fraquency hopping radar by extending the hypothesis and test technique oack tu & second (rule-based)
de-intarleaving stage.

The AB-E2M System model was developed with a set of Aispleys to allow the operatar to

overses the system operation, using the tabular emitter sumsary displays common in autumatic RSM.

monitor the hypothesis and test function from candidate emitter set generation through emitter
wverification using special purpose display formats.

monitor the mndulation analysis of a particular pulse chain using special purpose graphlcui
display options.

The strictly hicrarchic nature ol these didplayr ensures that the system defa.lts to fully automatic mode,
with summary displsys available for this purpose. However, the ‘lower level' dicplay options can be
invoked to allow the skilled operator to monitrc the detailed system opsration.

4 KB-ESM BYSTEM EVALUATION

4.1 In order to assess fully the capabilities and limitations of the KB-ESN Syatem Model, a
comprehensive evaluation prograrme was undertaken following system development. 8ince an incremental and
controll ;4 asssessmsnt technique was ussential to this evaluation programme, 2 modalling approach was

adopted throughout. Tnis will be followed in the near future by the develop and t o a
prototype trials systea.
4.2 A block diagram of the assessment facility used to evaluate the K3-ESM system model is presented

in Pigure 4. T.i evaluation process consisted of the genevation of test scenarios of various complexities
f-om which the signal environment at the 3ISN receiver oculd be simulated. The performance of the EBSM
receiving eleme.nt was subsequently wodelled and the receivsr ocutput used to evaluate the Fp-X8M.
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Figure 4 SVALUATION SYSTEM
4.3 The Environmental Modelling function was accowplished using the Boftware Sciences EW Scenario

Ganarator {BWSG) program. FWSG allowed the operational Scenario o be defined in terms of the relevant
platforms (airborne, shipborne or landbased), their position and their radar fits. The characteristics of
the radar fits were subsequently used to generate an eslect g ic envir (i.e. pulsed, CW and
jamming signals) as lincident at a user specified sensor position. The ocperaticnal wcenario was dynamic in
that full platform motion was modelled throughout the simulation including platform manoeuvres in course,
speed, altitude, roll, pitch and yaw at predefined simulation times. The simulated signals were of a
highly sophisticated natnre to represent postulated modulation agiiity schemes and scan strate:les.

4.4 The subsequent Receiver -Mndelling function was accomplighed using the Boftware &Sciences EW
Receiver Modelling (EWRM; program which allowed the uesr to model either

- Channelised Receiver,

- an Instantanecus Frequency Moasurcment Receiver,

- a Swept Superhet Receiver or

- a Multiport Bearing receiver

The antenna system was fully defined in terms of:

- its polar diagram in the Asisuth and Rlevation planes
- the variation of this polar diagram with RF
4.5 Purthermore, suitable interpolation routines were provided to calrulats the antenna gain in a

general (i.e. non planarx) direction and at any pulse frequency-

4.6 Similarly, the Direction Pinding and RF receiver element cha—acteristics such as:
- Sensitivity (as a function of RP)

- Dynamic Range

- Bandwidth

- Dead time (dus to recovery effects)

- Simultanecus Signal Capability

- ECH resistance

were simulated, as were the principle sourcex of paramster wcasureant error within the particular receiver
type. The output of the xeceiver model was subsequently used in the controlled evaluation of the KB-BSM.

4.7 Since the assessment of the XI-ESN pystem model was accomplished in controlled conditions
generated by an environmental wmodel, it was possible to ically the performance of the
receiving and processing subsystems. This wvas possible sinoce pulse Jata generatsd by the Bavircnment
Kode! was ‘tagged’ with a source emitter identification Ziuld. This field wvas compared with the ESM
systes s perception of the emitter type to cive an assessment of system performance.
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S CONCLUSIONS
5.1 The develop and b . thorough evaluation of the Xnuwledge Eased ESN system model has

proven that the application of the llnekbon:d Architecture and particularly the hypothesis and cest method
cin produce unambiguive emitter classification results. Purther, evaluation in scenarios depicting
advers:s operational conditions for EEM has shown that the techniques ar: particular'y usetul in thera
situstions.

5.2 To zummarine, the application of the novel software architecture has optimised the sffectiveness
«f automatic ESM and. hence the overall aims of the development prograsme wers attained.

5.3 Yhe XB-ES!1 ressarch programme continues, howsver, aimed primarily at producing an operational ESM
system using the tcchniques Jescribed in this paper. The othar main arezs of research activwity are

- the axtension of the Blackboard Architecturs to control the BESN rece.ver and henca produce
optimal veceiver response to augment the saitter classiflsation process.

- the extension of the KB-ESH system model to incorporate emitter association and platform
clasgification at the ESM system as part of the hypothesis and test process.

- the use of spscial purpose display formats and interfaces to allow operator interaction with the
XB-E5M system.

These extensions to the XB=-R3N systca will further improve the effectiveness of automatic 38 by
optimisation of the processing elements.
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DISCUSSION
R. Yoles, X
What, roughly, is the typical scale ratioc between the rate st which the modell.rg im performed and
real-time?
B. Jackson

Currently tha KB-ESN system ‘s written in POP-11 which ic rur on a timeshared VAX 11-750. When a
typical complex Ew scenario is simulated the system has becn found to run at a rate which is
approximately 1000 times slover than real-time. Yerformance measurements have shown that over
90X of *his time is spent in the embedded de-interlssver. This would normally be implemented on &
separate high-performancs dedicated chip.

Evaluation has shown that the techniques developad are capable of real-time implementation and
Software Scisnces' current work is in the enhancement of tha real-time applicability of the
techniquea doveloped. We see this as the adoptiorn of the beneficia) aspects of the KB-ESN but
iaplementation in Ada. The Ada {wpiemantstion will encode the riles as interpretted data atructures
20 as to maintain come of the flexibility of the knowledge based approach.

J. Whalley, UK
Could you briefiy describe the POP~11 enviro'rsnt snd the problema you have experienced.

B. Jackson
The POP-1). environment used is the POPLOG systam criginally developed by Sussex University. This
runs on a VAX 11-750 under the VMS operating system. This language has been found to be very good
at fast prototyping of knowledge bused applications in the ESNM domain. The limitations encountered
have been in terms of speed of execution, overall machine resources consumed, effect on other users
of the time shared system and more significantly the program size limitations encountered. The
KB-ESM syutem has grown in complexity during its development phase and has now reached the physical
limitations imposed by the POP-11 system. Scme further enhancement would be possible if we
restructured ihe existing program to mike more efficient use of the available system facilities.
It is felt that this would only provide a short term breathing space.

R.W. MacPherson, Canada . -
Could you comment on the spplicability of your techniques to the identification «f emitters other
than radar?

B. Jackson
The techniques developed have been specifically aimed at the problems encountered in conventional
ESM systems. The techniques and approach adopted are directly applicable to oLher Signual Analysis
problems. Sofiware Sciences have already investigated applicability of this approach to the SONAR
problem and we believe that the techniques arz alsc applicable to other similar areas. The
techniques of emitter association and platform classification developed recently as part of the
KB-ESN, but not covered in this paper, are also more widely applicable in the area of multi-aensor
data fusion.

R.S. Dale, X
How does the system react to emitters which are not in the emitter library?

R. Jackson

When an emitter is encountered that cannot be matched rgainst any exiating library eatry the system
is unable to generate a verified hypothesis concerning the identity of the emitter, As such the
nystem stateas that it is unable to reach verified status and tella the operator that it has detected
a previously unknown omitter. This is an improvement on existing systems which frequently inform
the operator of an incorrect ldantification when an exact match cannot te made. The KB-ESM system
having concluded that the detected emitter is previously unknown can provide facilities to enable
the operator to create an "invalidated" library entry. This entry records the detected parameters
of the new emitter and can provide various recording facilities to enable further analysis on return
from the current mission.

H. Timmers, Netherlands
How are the input data generated? Are they assembled from real life, or are they gencrated
artificially?
How do you deal with uncertsinty in the data?

B. Jackson
The input data has been generated using two of Software Scioncee' EW sisulation and modeliing
packages EwWSG & EWRM. EWSG is a general purpose Radar environment scenarin gunacator that is
capable of producing digitally uncoded pulse data for up to 99,999 different emitters each of which
can be fully defined in terms of electromagnetic radiation proverties and positional movement.
EWRM is a package which enables the realistic modelling ol ull common ESM receiver types with the
ability to fully specify the receiver characteristica using u high level interpretive English like
language. The scenarios modelled using these f:cilities were defined and agrced in conjunction
with the UK MoD, RAF and KSRE to be truly representative of certain predicted threat situvations.
The KB-ESH system deals with uncertainty in the data by the use of the knowledge based techniques
described in the panur. The e¢xtensive svaluation exercise thet wae undertake. was centred aroind
predefin=d situations which cause uncertain and ambiguous classification in the current generation
of ESM systens, The KB-ESM system was proven to ba significantly better than existing systcms at
deriving unambiguous and correct interpretation of amall quantities of "uncertain data'.

[ S
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BDARPA”s AlrLand Battle Nemagement Program and
03AF s Tactical Expert Niseiem PLAsneR (TENPLAR)

\ Peter F.H. Prieest II, 1 Lt, USAP
Rome Air Development Centar (RADC)/COAD
Griffisa Air Force Base, New York 13441-3700
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SUMNARY: The Defense Advanced Ressarch Projacts Agency (DARPA) has
long history of supporting research 1imn the aerzea of Artificiael
Intelligence (Al). DARPA”s Strategic Computiag Program is developing
am AI (tchnology base upon which seversl applicatioms programs are
being built includiag the AlirLsnd Battle MNenagemsnt Progras (AL3M).
The ALBN program office is cofundiag the US Alr Force’s figst major Al
appiication: Rome Afr Development Cemtar”s Tsctical ZKxpert Miseion
PLAnneR ( TEMPLAR). TENPLAR 1is an advanced development level efrort
that 1s building upon demonstrated systems at the sxploratory
develorment lavel £# well as the Strategic Computing tech base. This
paper describes the TRNPLAR program avd 4ts 1inks to the AirLand
Battlec Masnegensnt and Strategic Comguting Frograms.

INTRODUCYION

Since {its creation ino 1958, the Defense Adranced Research Projects Agency (DARPA)
has beer a major beunefactor to bosic resesrch in computer science in the United States.
A major portion of the early resesrch im Artificial Intelligeace was supported by DARPA
in the 1960”s. DARPA hes contipued in the 1980°s to promote and develop prosising
computer technologies with the Strategic Computing Progras.

In lata 1983 the Strategic Computing Program (SCP) was asnnounced. The progras wvas
organized to develop mschine intelligence technology st many diffaerent but complementary
levels ({1). This was donbe to take advantage of the many advances that have resched
maturity in recent yesrs. Figure 1 [2] shows the prigram structure as & pyramid wvhere
the base represents slcroelsctronics techmology snd each additionsl level builde from
the previous. Near the top of the pyrasid are the spplication areas: Autonomous
Systems, Pilot“s Associate, and Battle Nsnagement. Rach of the sreas contains ome or
more sajor application progras.

One of the spplication programs under the Battle Management ares s the AirLand
Battle MNasnagement (ALBM) FProgras for which the US Army is the lead Service. The ALBNM
program’s namesake, A.rLand Battlu, is s fevw concept thet haa been incorporated into US
Aray doctrine. Originally called AirLand Battle 2000, tbis evolutiounary doctrine
emphasizes, amvng other thingi, cluser cooperation betveen air and land forcea. Thus it
is fitting that thio pradominetely US ixrmy progras has US Adr FPorce participation.

The ALDBN Program Office is cofunding the US Air Force“s first ssjor AI application
progras with Rome Air Developwent Center (RADC). That progras is RADC’s Tactical Expert
Mission PLApael (TEMPLAR). The technical objective of TENPLAR is to move und spply
demcastrated Al to a sflitary placaning problem. The operationsl or domain objectivae 1»
to design, build, test andéd evaluste a decision sid to sssist USAY planners in generating
the daily Air Tasking Order (ATO) i.e. to assist 4in solving a resource allocation
probdlesm. The remafinder of this paper will discuss the TEMPLAR progvas as ir relates to
the Strategic Cosputing Program, the AirLand Battle Management Progras, and the ftuture
of Artificisl Intelligemce bDased planuning in military syastems.

In order to discuss TEINPLAR”s relationship to these DARPA programs we wmust first
prasent background iaforsstion om the program snd the probles sres it addresses. The
following section discusses the bistory of the techuical foundation upon wvhich TENPLAR
is baing built. The next sectioa discusses the scope of the program, im parcticular, bow
the cesearch gosls of this sdvanced devalopment program ave differemt from those of the
sarlier exploratory development programs, Fioally, before the ties to the DARPA
progiams are discussed, s short discuseion of the problea area 1s presentaed,
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Figure 1
Strategic Computing Program Structure

TENPLAR Program Bistory

The roots of TENPLAR bagan in the late 1970”9 with the Knovledge Bssed Systes
(KNOPS) program under Dr. Carl Engleman at the MITRE Corp., Dedford NA. EKarly support
for this effort came fror the Air Porce Office of Scientific Research (AFOSR), DARPA,
and RADC with later support coming fully from RADC. An objective of this exploratory
developaent progras was to show if or how Al techniques could be applied to a resource
allocation plansing problem. This effort dealt wit!: only one portion of the ATO
goneration problem: tasking for Offensive Counter Air (OCA) wmissions. KNOBS
successfully demonstrated tat Al techniques are applicable but is notable more for 1its
integrated use of several koowledge representations: production rules, frawmes,
frame~based construointse, and natural language usags.

TENPL/- {s building upom this technology as well as that from the KNOBPS Replanning
System (KRJ), the prelisimsry TENPLAR design, and axtensive work on Nen Machine
Interfece (NMI) fssuen dome by the A4r PForce Human Resources Laboratory (AFPHERL) at
Wright-Patterson AFB, ON. After a ssix wmonth effort on the preliainary design, the
present TEMPLAR program vas defised with respect to cost, ascope, and schedule, The
resulting competitive procurement ended with an avard in September i985 to TRV Systems
Rogineeriag and Development Division, Redondo Beach , CA.

TENPLAR Scope asd Resesrch Emphasis

The main tesk of the TEMNPLAA Advanced Development Model (ADN) will be to assist
planasrs in generating an entire ATO. The earlier efforts planned only one missiom type
and only cne mission at a time. TENPLAR muet deal vith the wvhole spectrum of wmission
types; figure 2 [3) 1lists the =mission types snd gives s brief dascription of
TENPLAR muet also sllow multiple plamners to work im parallel. This raises the issue of
distributed processing. Thus the scopa of ths probles domain {s greatly expanded over
earlier afforts.

In addition to the change of scope, there is & change of resedrch oemphasis whea
aoving from exploratory development to advanced developmsent. The TENPLAR ADN must be
“"near oparaticnally robdbust.” This tails several requiremeats. Firset more reslistic
dats will be wvsed im the date knovledge~b Sacond the Nan Nachise Interface
(MNI) must bo built with the plaaniag process operatiosal enviromment ian aiad.

Close iatersction sand frequemt feedback will be meeded to emsure that TENPLAR is ugsadle
by field level perscanel. Third since tha ADM is pot intended to sctually be filelded
the following issses rod not ba addressed: silitarized, TEMPRST, or ruggedized
harduare; power, weight, and transportabdility requirements; operativmnal security and
saiantemance.
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Another result of requiving the osystem to be “near-operstionel” s that g2
oparational scensrio will be used to iest and evaluate the final ADN. Rather than try
to build a aystes genaric enough for all of the tactical air forces, TENPLAR is targeted
at one of them in particulear, Experisace has showa that ssny “"generic” systems prove to
ba only msarginally usuful to most and very usefnl to none., A CENTAP? scenario vas b
chosen, in part, bacavse of CEFTAFP's strong interest im getting more sutosation.
[CENTA? 1s the AF coapomant of USCEMTCON, the unified command whose ares of iaterest {s
South West Asia and the Niddle Esst, CENTAF e major peacea time constituent s USAF’e
9th Ar.]

CAS = (Preplanned) Close Air Support: misafons against targets that
are in the {amediate range of the battlefield; most CAS is not
prepieuned. F

OCA = Offenaive Counter Afr: includes missioms that degrade the
enemy “s capability to generste sorties and estadlieh alr superiorily;
ofifensiv: 14 uaturs, thus airfields, rsdar systems, etc are coamon
tsrgate.

DCA - Defensive Counter Air: as above a type of Coumter Air bdut
rTeactive to enemy s initistive; includes Afr Defevse, Escort, 1ind
Combat Air Petrol (CAP).

" s

O

AI/BAI - Adxr Interdiction / Battlefield Air Interdiction: fmcludas
nisajone Lhat destroy epemy resources before thay cam be brought to
bear on the battlefield; the difference betwesn the two is rqlated to
the distance from battle lines and the arount of coordinstion
required betveen sir sud land forces.

b as A Bk

RECCE -~ seconnalsssnce: includes missions that gather {ntelllgence
data before and after other destructive aiassious.

Tacker: s type of support mission but listed separately because of
its importance to the CENTAF dcasin; where, whon, how much, and to
whoa fuel is off-loaded is specified in th ATO.

Mission Support: includes missions for electronic warfars and defense
suppression.

[ Figure 2
) Mission Types t

Alr Tasking Order Gemeratiom P

The Air Tasking Order (ATO) 1is @8 document that teske the air resources of sll
subordinate units on 8 daily basis. The tasking i{is done by the Comdat Pleans division of
a Tactical Air Contrel Center (TACC) (or its equivilent). The TACC s a theater level
organization and yet the tasking is quite detailed and specific. Everything froa the
time over target to where asrisl refueling vill take place is specified; figure 3 liste
the items vhich are specified for each mission. In order to best use the available
airpows~ many relstionships betvween tasking items must be considered. A simple example
is th: relationship betwveen aircraft snd veapons load (they must be competidle). A wmore
cozplex example is the relationship between wmissions which use the vame refueling
resource but which have different targats and ohjectives.

—

Items specified in an ATO

Tazrget Adrcraft Ordinance (Weapons
PD { Probability No of Aircraf’ load) <
of destruction) Airbase Refueling Service ’
TOT (Tiwe over Unit (Wing or Call Sign
targ:t) Squadron) Transponder
TD (Time of departurs) Frequency )
: {
Pigure 3 ! |
t

Presently ATO guneration is a lengthy aad manpower iuntensive process., The planning
time 18 on the order of 12 hours and the intelligence data uced may ba ss o0las as 36
bours, Over 50 people arxe required by the Combat Plans ¢diviseioxn to geanerate sm ATO.
There axe two aspects of ATO generstion that cam be ioproved by cosputer asutomatfion.
The first {1s tha rechanics of the process snd the second is the higher level dacision
process. TEMNPLAR will help with both aspects. TENPLAK could reduce the time by a
factor of three (3) to six (6) amd manpower requiremsuts by four (4) to tea (10).
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YBNPLAR sud the Stretegic Cemputing Pregisa

Ons screung 1imk between TENPLAR end the Stretegic Compwting Program (3CP),
irregerdless of programmatic ties, is the techmslogy. Both arve Al programe iastesd of
programe thet uwse AI. A» mentiomed sbove the SCP i adédressing n wide Temge of aress
spanming the apectrum from hardvare to softwars and from Al program sanagemsat to systeam
development euvirormemts. Im fect due to the broad scope of the pregram It har ften
beea described as the US respomse to Japen”s Pifth Gemerutioa Progras. Vith referesce
to the SCP°s pyramid otructure {figure 1) half of the six technology areas identified in
the lovel labeled “Imtelligent Punctional Caprdilities” are relevaant to TENPLAR. Those
three sreas ere Expert Systems, Planning and kessosiang, asnd Raturel Language.

L e e

The use of Expert Systems, and ?lanming and Reasoming techaoclegier 18 avident {in
sore than Jjust TENPLAR"s name. The system will eseilit plummary by checking relevant
constraints, of fering suggestions, planniog detailo left wnspecified by the wmeer, and

. explaiuning its own reasoning. TEMPLARY will sot be just & rule based expert syistes. The

‘ technology basaline systems, ENOBS and ERS, do use rules bu~ alsv uee bhsirarcuiczl
framee {a 1la Marvin Nineky) and frame based constraimts. TENPLAR #1ll siso use thess
xnovledge reprecentations., Thus ressoning may be bared omn isheritasuce, comstrsiante,
rules, or a cosbinstion thereof.

TEMPLAR $a alec using Watural Langusge tachnology. The Waturel Languege inturface
will be oue of three ways to fatersct with the system. lIa additiom to ueing &« menu mode
or & graphics mode, users will be able to irtersct with typewrittes Engliyh sentences.
There sentences need not alweys be complete or grasmatically correct as long as they are
10 coutex:t, 1.e. the ayotem must be eble to handle ellipsis and snaplora, Figure 4
gives exsmples of doth ellipsis and snaphors.

A
TENPLAR: ...
CONTRXT User: Does Ramstein have any P-15s?
TENPL'R: Yes, Ramatein bkas 24 P=13 afrecralt.
CURRENT User: Dous Habn? " Usar: Are they ready to take off?
(Ellipsis) (Anap hors)
INTERPRRTATION ==> Does Rahn have ==> Are the F=15s ready to R
any FP=158? taks off? 4

Piguze 4
Examples of Ellipsis and Anaphors

TENPLAR and the AirLand Battle Nawageweut Progrus

The Aftland Battle Managesent Program (ALBN) was initiated et DARPA in FY 1984 end
the Juint DARPA/US Army program vas established in June 1985 (4]. Thus the ALBN joined
the US Mevy“s Carrier Battle Group System program in the Battle Nanageament applicatfion
area of the SCP. In September 1985 an industry briefing was held on the ALBM Lackground

and objectives. This section looks at the links and similarities betuveen the ALBN and
TENPLAR,

The ALBN briafing strassed seversl ideas about how Al and Expert Systess technology
should Ose used fn the AfrLand Battle envivonment. The briefing mentioned that previous
Expert Systema (I§) have matured {n the hands of users. Therefore, the ALEN ragquirss
interacticr batween the development contractors snd US Arey persomsel. In particular,
tvo service schools, &t Perte Leavenworth snd 51ll, will be favolved in the knowledge {
scquisition and eagineering. .

e oo ———— A o bt 4 50

TENPLLZ 19 e¢le0 involvimg operational users. Represeatatives “Tom HC TAC amd Sth
A7 (CEXTAF) have participated 1im proposal evaluations and variu... progras review
neetings. Vider representatisa to imclude 12th AF, USAPE, acd PACAT is expacted at the
Deslgt Plav review (Mar 86) and the Functiosal Description review (Oct 86). Also, there
was extymsive user iovolwament and feedback im the design of AFPHRL”s Tactical Alr
Operations Teau Training Systea (TAOTYS) which is being incorporated imto TEMPLAR.

The ALBA program structures Arsy operatioms isto iiwe functional categorias; they
are Nensuver, Fire Support, Air Defemse, Istel/Rlectromic Warfare, an’ Combat Service
Suppert. Two of ths fusctienal asreas, HNaseuwer and Pire Support are comsidered
Tepreseatative sad especially ispertant. The ALMM requires twvo expert systems - 1led
MOVES(C) amd FIRES(C) to ba bduilt fer Cerps level operations asnd one c¢alled MOVES(D) for
Division lewel; figure 3 (4] ohews the relatiomship batweaanm the required E8s. The thrae
separste E8s wmust communicate with one saother demomstrating bdoth hoxizomtal (Corps to
Corps) and vertical (Corps to Divisios) ipteraction.




et e A PITRG  TEPE PITI

2-5

] = Manuever
2§ = Pire Support
AD -~ Air Defease

IEW - Inty1l/flsctronic
Vurfnre

CSS ~ Cumbat Service
Support

Figure 3
ALBM Program Structure

In addition tn che {1individual communiceting expart systems, the ALMN progrzs
raquires thet a custonized uysiea axpausion tool callad STAR bo buflt. STAR would sllow
addicional communicaiing KS5s to ba easily buf*: for thke rsmata’ng functional arase at
both Corps snd Division leavel.

TENPLAR 18 not uearly as awmbitious ig this regs-d, but does support the use of Al
system building tools. Oue of the TRV team comtractors ig Carnsgie Federul Systems of
Carnegie <roup, Inmec. (CG1I), Pittsvurgh Pa. CGI has desveloped two commerciqlly
avallable AI toolt: Knowlesge Craft(TM) and Langusge Crett(TN). Kauvledge Craft 12 a
sat of tools or building blocks for creating ESs. [Iou are voL required to use s certuin
set of Al paradiges, for exewple, forverd cheining pluer production rules plus an
{afearencs cat, Tius ii e mvi =n 5 susil, vu. an E§ developrait envivoumsnt. Laoguage
Craft s o cot of tools that allows s grammar writer to easily creat: s customized
Natural Langiage (NL) interfece. It is mot ss gemeric es Knowladge Cratt, i.a. it doas
Bot allew different ML processing paradigms. Language Craft is desed om the coye frrme
iuatantietion approach.

A fiual link betveen the ALBN and TENPLAR to be discussed is the 2fmfilarity o/ tle
problem areas. The iaray has the OPORD or Operations Order, while the Afr Porcs has the
ATO, Both orders task sutordinate units “ased on guidence from bigher levals, both muat
cnasdder the constraints or raelstionships botween component actions, and doth are
levrgthy and sanpover ‘ntensive processes. Duu to this similurity, one of the two formal

demoustrationa of TEMPL/R will be @ part of the ALBN Phase 1] demonstrations at Fort
Leavenvorth, Kansas, in th: fell of .987.

The Puture for (Weturslly amd Artificislly Iscellfigest) Nilicary planners

The future for wmilitary plapoers with vatural intelligence is promising. There
will be myre tiae for the high lewel decisions on stistegies and tectics with lees time
spant or muadane bookkseping and ovumbe: crunchimg details. The added flexibiitty will
allow increasingly soph:sticated snd complex planning %o be dJone TENPLAR technology
will allowv wore etficient and effective use of resources snd .hus Letter application of
tactical sfrpovec,

The future for plannezrs with artificisl 4wtelifgence 1¢ also promising. A
succesaful TEMPLAR ADM will clarify whet sreas need sdditional research and what
capabilities can be fully automared. A Follow-or system will be vell defined snd ready
for imsertion orx the laiest adrmaces, Theve odvancer may be from the Sirategic
Computing tech bagse (e.g. the Compact 17SP Kacihine nardware), from lessons lasmed 1in
the Afirlend Battle Nasnagesant program, ¢ from ong ing research im replanring (or real
time plamming) at RADC e.g. AMPS (A Metalevel Planting System).




26

REFERINCES

(1) Merk Stefik, "Strategic Cuaputing at DARPA; Ovarview anl Assessment”,
CONNUBICATIONS of the ACN, Vol 28 Mo 7, Jal 85

[2] Defenss Advanced Research Proleucte Agemcy, “STRATECIC CONPUTING New-
Generatiun Computing Technologys A Strategie Plan for fts Develupment
and Applicstican to Critical Problesv im Delevse”, 28 Oct 33

(s USAP Adc Grousd Operations School, BATTLE STAFF COURSE BOUK, Oct 83

(4] Defense Advanced Resear:t Projscty Aguncy, "Airland Battle Navagement
Program Briefing to Industry™. 18 Sep 85

DISCUSSION

R. Voles, UK
You have said that the natural language input to TIHPLAR is "free fora® DBut sune constraints
must exjat, Could you kindly say what they are.

P.F.H. Prieat
Nost querieas mude in the system within the mission planning domain sre correctly understood on
the firat attem_ t. Very few querics need to be restated more than twice.

S.C. Boshmer. USA
What hardware does TEMPLAR use¢ and what hardware will be us:d for BLUX FLAG?

P.F.H. Prienmt
Symbolic 3670 or 3640.

3
-

R.J. Scott-wWilson, UK
What opiimization is carried out on the plans produced and what criteria are employed for such
optimleation?

?.F.H. Prieat L el Lo .
Each individual minsion is optimized to provide a plen which is consiatent with the constraints
that the user provide for that particular mission,. There is no glubal optimization. AIPS, &
follow on effort to KRS, will deal with this problem.
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KR8: A Knowledge-Based Nission Planner

Lt Kevin N Benner and Lt Richacl L Eilton, USAP
kome Air Developwent Center/CORS
Griffius AFB, NY 13441-3700
Onited States Of America

ABSTRACT

KR8 ic a knowladge-based stem tor planning offensive-counter-air missions. XRS
aides human planners in prepar nr Alr Tasking OJrders. KR8 can either be used
interactively as a pl.n verifler or autonowously as & plai. generator, XRS informs
the user of any logical or doctrinal inconsistencies in a plan, and keepe track of
resources and target status. Users can communicate with KRS via u natural language
intexface, pop-up menusa, or a mouse pointing device. This paper presents an overview
of KRS8's capabilities, its kncwledge nsuunut&on schemes, hov KRS verifies plans,
and kow plans are autcmatically generated. —
—_—

INTRODUCTION

KR8 (Knowled;s-based Replanning System) is a state~-of-the-art mission planning
system that helps a human planner create and manage multiple offensive-counter-air
missions by verifying plan consistency wnd tracking resource avnunblutx and usage.
KRS makes heavy use of Artificial Intelligence tecnniques, is programmsed in LISP, and
runs on a Symbolics Lisp Machine.

KR8 is the result of over twenty man years of research and development in the
application of artificial intelligence technology to the planning domain. KRS has
bsen developed by the NRITRE Corporation in Bedford, Nassachusetts, for USAF's Rowve
Alr Dovolorunt Center. It should be smphasized that KRS is a ressarch project aimed
at exploring the issues involved in automated and semi-automated mission planning,
and is not a product ready for use in the field. The goal of this paper 1is to
describe KRS's capabilities, how they are used, and how they work.

WHAT KRS DOES

In its current operating scenario, KRS 1is located at an Allied Tactical
Operations Center (ATOC) {n Burope and ia used to aid mission planners in the
production of Air Tasking Orders (ATOs). KRS is 1limited to planning
Ooffunaive~Counter-Alr (OCA) missions #nd their associated support missions:
refueling, air escort, and Surface-to-Air Missile (SANM) suppression.

KRS is pzop‘rlx thought of as a "partnec® in the mission planning process. KRS
can be uved interactively by the user us a data base and a plan verifier, or it can
automatically generate ATOs with minimal human input, As a data base, KRS knows
about resource availability and allocation, target defense status, and weather
conditiony. XRS can also be used to access facts about different aircraft, ordnance,
and target types. 1n ita plan verification role, KRS checks to make sure 2 mission
plan 18 logically consistent (e.g. the aircraft to be used are available at the base
to be used) and does not violate current airwar doctrine. The Iinteractive and
autcplenning modes of KRS8 can be freely mized -- a user can plan as much of the
mission as desired and »utomaticaily plan the rest., Conveirsely, if a ucer does not
like the plan generated automatically by ZRS, the plan can be modified interactively
until it is acceptable to the user.

RRS has a sophisticated multi-media user interface that utilises natural
language, windovs, a "mouse® pointing device, and color graphics. The user is frae
to mix the form of input in any way. The na*ural language subsystem is based upon
conceptual dependaacy ané scripts [PAL383a, PAIE83b]. Natural language can be used
to query the data base {"Where is the longest rumvay located?®) or to direct the
planning of a =mission ("Bit X's runway with 3 'P=111R aircraft®). KRS has a
vocabulary of about 100 words and is capable of handling anaphoric references and
sme ungrammatical input. KRS uses scripts to help gui the user throngh a mission
plan by asking questions. The user can choose to igncre KRS'as attempt at a dialogue
and 9lan the mission in whatever order he wishes.

Figure 1 shows a typical KRS display. The window in the front right, labelled
OCA1003 is an acrual offensive-counter-air mission plan. The area labelled B has the
"slote" cosposing the plan, Rach slot is a piece of information about the plan.
Bach OCA mission has 13 slotu: target, probability of destruction, aircraft, unit,
airbase, ordnance, number of aircraft, time of departurs, time over target,
refueling, call aign, foiequency, and transponder. (The last three slots are
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generated avtomatically by ERS and are not supplied by the user.) OCA1003 1: shown
after planning was initiated by typing "Nit Nerseburg's rumway with 3 P-1118" at the
KRS top-level vindow. As you can See. KRS was able to f£ill several plan slots froa
this sentence: Merseburg's runway is the target, P-111R is the aircraft, and 3 {s
the nuwber of airoraft.

rigure 2 shows hov KRS informs the user of plan conflicts, The user has asked
for a 1listing of all the airbases, and then has told KRS to use Nahn Air Base. 1In
KRS's data base there are no P-1118's at Eahn, so KRS highlights the oconflicting
values in inverse video. In this ezample, doth the airoraft slot value, F-111K, and
the airbase slot value, Nahn, are highlighted. A message is also printed out
explaining thst umahn doet not have any P-111E aircraft. The user can either delete
the value for one of the conflicting slots, or can specify another value for the
slot. When the conflict is resolved the hlthizhtlnq disappears. Conflicts are the
results of constraint violations, which will be discussed later. This conflict could
have besen avoided ulklni KRS tc list the airbases acceptable for this mission, and
only airbases that had at least 3 F-111B's would have been listad; BEahn would not
have been one of them. Listing the acceptable values for a slot is called
"enumeration® in KRS jargon. When KRS is asked to enumerate tha acceptable values
for a slot, it cakes into account all the information it knows about the current
plan, If you are attacking & runway with P-111E's and ask about ordnance
poswibjlities, KRS only suggest those ordnances which are suitable for runways and
that are carried by an P-111Z, If you were using P-4C's, KR8 would suggest a
different list of ordnances.

The mouse may also be used to fill in slot values. The user places the mouse
cursor on a plan slot and clicks a button on the mouse corresponding to "add value.®
A small window pops up and the user types in the vslus for the slot. In general,
anything the usar can do with the keyboard can also be done via the mouse, and vice
versa.

Slots have several other mouseable options besides "add value”: they can be
enumerated, ordered, and explained via the mouse. tnumerating a slot lists the
possible legal values for a slot, Ordering a slot is more useful than enumerating --
KRS ranks the choices and suggests vhich choice would be best. Not svery slot can be
enumerated or ordered; the plan slots that deal with time, for example. Ordering is
done by sorting the enumerated values according to a rating function. PFor example,
the rating function used for ordering ordnance choices is the single aircraft
probability of destruction using each ordnance.

KRS also uses high resolution color graphics to display geographic data. As the
user plans a wmission the target, airbase, and refueling orbits are displayed. The
user can also plan missions by mousing on targets and basas displayed on the graphics
display. Target and airbase information can be displayed using english commands such
as “show 1ll the long-track radars® or "show &ll the West German bases." One display
particularly useful for planning shows the surface-to-air missile sites (and their
threat radii) which defend a given target.

The data base in KRS can be updated to reflect changes in the state of the
world. Intelligence reports can bs entered to inform KRS of changes in force status,
enemy SAN activity, and weather conditions. If any plans KRS knhowa about are
invalidated by these changes, KRS informs the user., KRS can either make suggestionsg
about replanning or replan the missions to avoid new conflicts if poasible.

One more noteworthy feature in the KRS user interface is the ability of a
planner to restrict the values of certain plan slots. Por example, KRS might be told
to strike a target between 0800 hours and 1030 hours, or to use either Haha or
Sembach as the airbase. Conversely, the user can also tsll KRS not to use Bahn or
Sembach. The number of values that a slot may be restricted to is not 1limited to
two; any number of the possible values for a slo:t may be restricted.

Nost of the preceding discussion dealt with planning offensive-counter-air
missions, but all of the discussion can be generalized to include planning support
aiesions. KRS provides a framework, called a package, for integrating an OCA with
its support missions. Bach package can be given a priority by the uaer, This
priority is used t5 deteraine which missions get critical resources if there is not
snough to go around.

HOW KRS WORKS

Internally, KRS uses five different forms of Kknowledge representation: the
dictionary, framee. templates, constraints, and rulss. Understanding how each
representation is used and how it is related to the other representations gives a
broad overview of hovw KR8 works. Each of the knowleage representations will be
discussed separately. :

The dictionary stores word -.uniug- and senses used by the ptual depend

b 4
parser. The parser provides KRS with a limited capabllity for understanding natural
language input. Currently the dictionary contains about 100 words. The user can
eas lg add l¥n0nynl to words already in the dictionary. With more effort it is
possible ine adje

to de ctivens that refer to some attribute slot of a frame.
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Frames are Uwed to represent objects, such as aircraft or enemy search radars.
Prames atore values for named attributes of an object in slots. For example, {f an
object has & length and you vished to know its value, you would look in the LENGTN
slot of the object's frame. There ate two important properties of frames that make
them particularly useful as a knovlodgc representation scheme: first, a frame can
*inherit® knovledge from a moze general fraae; second, frame slots can have "deamons"
associated with them. A deamon is a piece of procedural code that is attached to a
slot that is run vhenever the value of a slot is changed or accessed. Deamona can
provide inforsation about how to f£11l a slot if it is empty, default values, and side
ef tects when accessing a slot.

Inheritancs allows information to be organized in a hierarchical fashion, ror
exanple, a frame describing generic fighter aircraft has slots wvhich capture general
information about fighters. A frame describing an P-15 can incorporate the generic
fighter frame, allowing the P-15 frame to capture information unique to the P-15
without having to duplicate the inforsation stored in the generic frame., Thece two
frames can refer to sach other via slots called AKO (A Kind Of) and INSTANCRS. ior
axanple, the generic fighter frame could have its INSTANCES slot cuntain pointers %o
r-4, P-15, and P-~16 framses, and each of these aircra®t frames cou:l have their MO
slot point back to the generic lighter fxame. If a frame s asked for a slot value
it doesn't kixow, it looks to its varent, the frame in the AXO slot, for tu.a value.
If the parent doesn't know, it asks its parent, and so on until the slot value in
question is found,

The natural language subsystem interfaces vith frame representations in order to
answer user gqueries. The interface matches up a query's sesantic representation (the
output of the parser) with a suitable inferencing procedure. KRS has a wide variety
of inferencing procedurea available for ansvering common questions. For example, if
the user asks "How wmany P-4C's are at Hahn?", several actions are performed by an
inferencing procedure to answer this question. KRS first looks in the frame for Hahn
air base and finds the fighter units assigned to Hahn, ZEach unit ia asked if it is
compozed of F-4C's, If 80, then KRS asks how many P~4C's are assigned to the unit.
KRS then totals up the number of F-4C's, tells the user the total number, and gives a
hreakdown by unit,

Templates are a spacialized form of frame. A template acts as a guide for
autoplanning and verifying missions. BEach type of mission (OCA, refuel, etc.) has a
template telling vhat plan slots are needed for the =aission and how to go about
£illing thea. The templates also contain the constraints that apply to each plan
slot.

The fourth form of knowledge representation in KRS is constraints, Constraints
are procedurss that enforce relationships between plan slot values. Por example, one
simple constraint checks to make sure that if aircraft X i3 to be used from airbase
Y, that X is actually available at airbase Y. If not, then a conflict is signalled.
Constr - : 1ts deal with the physical relationships; they verity the hardware chosen for
the mission 1is available at the right places at the right times and can perform the
necessary tasks. Constraints are not only used to verify user specified slo* values,
but also to generate legal values for =lots. Constraints are used as value
generators when the user asks KRS to enumerate the posiible values for a given plan
slot, and by the autoplanning mechanisms.

Tha KRS constraint mechanism is quite complex. A constraint cannot be checked
unless all the plan slots involved in the constraint have bsen given values. If a
constraint cennot be run because all the plan slots involved do not have values, it
is put “"on hold", and run whenever the values become available. Tha frame dJdeamon
facility is used to coordinate and manage the checking of constraints. The writexs
of KRS have given a great deal of thought to what a user should be told when
constraint violations occur. If more than one violation occurs, should the user be
told about all of the violations? For example, suppose a misrion plan has target X
and uses P-111R aircraft. The user tells KRS to use Nildenhall as the airbase. It
turns out that two conflicts are violated: the distance to target X from Nildenhall
is beyond the range of an P-111B, and there are no P-1112's at Mildenhall. Bach
constraint has a certain priority assoclated with it, which is used to determine what
information is most important for the user to know. In this particular case, onl
the latter reason for rejecting Mildenhall is presented to the user. A more detail
discussion of how ths KRS constraint system works can be found in [NILLSS).

KRS employs both forward and backward chaining rules as forms of knowledge
representation. The backward chaining rules deal mostly with doctrinal issuves, and
the forward chaining rules deal with force status changes and intelligence reports.
Rules are used in a way similar to constraints, with the added advantage of Dbeing
directly accessible to the planner and can bs changed while XR§ is rumning. KRS
provicdes a rule editor that can translate the rules from LISP into eaglish also
translates wuser-supplied changes from english into LISP, Wheh 3 rule-based
constraint is violated, the user can query KRS as to why the violatiom occcurred. KRS
allows the user to examine the data and rules leading to the violatioa.

— S | N B

I “ - . :nL

AL I B
-“( "_"-' o ) =




!
)
}

PP

34

The auioplanning mechanism integrates most of iLae knowlcdge representation
schemes. When KRS is told to autoplan 2 misrsizz, it first looks tc thc amission's
template for gquidsnce. The template rpecifies tke order in which the plan slots
should try to be filled, FRS enumerates the possible values for each slot, and
choose3 one value. KRS then tries to f1iIl in the next slot. When a chdice causes a
constraini violation, the violated constcaint provides ERS with information about
which plan slots shorld be changed in order to make the violstion go away. This
ssarch method is known as dspendency-directed backtracking. KRR Lreeps f£illing in
plan slots until tho plan is complnte. If KRS is given a purtial plan and told to
complete it, KRS will not change the values assigned by the user. If a complete plan
i3 not possible for the given partial plan, KRS is usually able to tell the uear why
& complete plan is not possible. The user can then change the partial plan and
rasubmit it for completion.

From the paragraph above, it might already be obvious that KRS returns the first
complete plan it £ind3 that does not violate any constraints, KRS makes no attempt
to "optinize” plans in any way. An optimal plan is very difficult to produce (either
by ma or wmachine), because there is no set definition for plan optimality,
Optimality is a quality that varies with Adifferent situations. On one day a plan may
be optimal 1if it uses as few sorties as possible; on another day a plan may be best
if it guarantees total Jestruction of a target at any cost; another day the safest
mission might be optimal. Because ¢f these considerations, KRS avoids trying to
optimize plars.

If KRS doesn't optimize planning across many missions, what is it good for® KRS
uxcels at plauning complete, valid plans quickly. (These examples will give you an
idea of KR3's speed. KRS can autoplan a mission against 2 single target that wiil
rrquire serial refueling on both ingress and egress in less than one minute,
including planning and coordinating the refueling f£lights. Airbase X has four
missions (2 aircraft each) scheduled for departure at 0900. Airbase X is attacked at
0730 and will be out of commission until around 1300. XRS is notified that X is
down: it automatically finds other bases with the resources for X's scheduled
missions and replans the missions using the other bases. Whenever possibls, these
new missions will have the same time over targat and refueling rendezvous ac the
original missions. Three minutes after KRS is rotified of airbase X going down, it
has finished rescheduling X's missions.) What KRS provides is greater flexibility to
try out several different plan alternatives before making a final choice.

KRS's PUTURE

As was stated at the beginning of this paper, KRS is only a rasearch tool. It
was designed to be a proof of concept demonstration, not a field-ready product. The
ideas and technology developed during the KRS project is being applied by NITRE in
building AMDS (A Meta-level flanninj System), AMPS will explore issues such as plan
optimization, the use of global strategies in the metalevel control of planning, and
dynamic replanning. Rome Air Development Center is alsc working to  bring
artificially intelligent mission planning capabilities closer to deployment in the
field with TEMPLAR (Tactical Experimentzl Niasion PLAnneR)., TEMPLAR is a prototype
system for planning a w.de variety of tactical air missions, not just OCA's. TEMPLAR
is scheduled to be test~1 at thu USAF Blue Piag exarcise in late 1987,
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DISCUSSION

Howell, USA
What is the relative time comparisons between the KRS mission planner and a "manual" process

for the same mission?

Benner

Planning a single mission with KRS takes about 1 minute. Planning 10 packages of several OCA
missions and supporting mission, takes approximately 10 - 15 minutes with KRS. Replanning with
KRS takes approximately 4 - 10 minutes depending upoun how many missions had to be replanned.
Planning cf these same missions by people alone takes approximately 2 - 5 times longer. There
are cases where it takes even longer.

J. Schmitz, Netherlands

K.M,

K.M,

In planning for an OCA mission, can KRS put together a force package, assemble it within the
current airspace constraints end plan for its routing I.A.W. the current airspace control orcers
to avoid fratricide?

Henner

KRS can put together a package of OCA, Air Escort, Sam Suvppression, and retuelling co-ordination
all in time only. KRS does not attempt to deal with the problems of fratricide or air space
control.

. Scott-Wilson, UK

In both papers, you have read today, you have stressed the use of natural language input. In your
experience, do operators use this facility, or do they quickly tranafer to the mouse and menu input
systems to improve speed?

Benner
Yes. To the trained person, mouse and menu are always faster. This is still true even if we
assume a perfect natural language interface. Natural language is good for naive users or es an

intermediate step to speech understanding.

P, Sommaro, Italy

K.M.

Preparing the missions package. Does the system take into account sttrition parameters?
Benner
No. Attrition rates were accounted for when deciding how many sorties could be flown that day.
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DECISION AID FOR THAEAT PENETRATION ANALYSIS

ROME AIR DEVELOPMENT CENTER
GRIFFISS AIR FORCE BASE, NEW YORK 13441-5700

by
\\ ROSERT J. XRUCHTEN, MAJOR, USAF
\ USA

SUMMARY: The purpose of this paper s to describe a concept for a threat
penetrltlossséaigﬁaég Gecision aid. A proof-of-concept version of this aid has
been built a Symbolics 3670 Lisp processing systenm. Route pnlanning
aids have *sen created in the past {o find a path through an area of ground
threats, Unfortunutely these aids tend to be limited by a narrow perspective of
the threat environment and a mathematical approach that makes it difficult to add
features. The intent of this effort was to create an aid that used heuristic
reasoning to simplify the analysis and which had a more global perspective of the
environment than the existing aids. ‘Although there has been recent work, most
notably a T°Y effort for in-flight replanning, that offers a more global
perspecctive o the environment than exlating alds, the approach used in this aid
is unique. The ccncept presented here offers great increases in speed over
present route planning afds at a slight loss of precision. 1In addition, the aid
goes beyord simple route optimization and can grow to directly assist in choosing
tactics, Elactronic Warfare application, or saturation techniques. It also can
quickly add, delete, =modify or move threats. It can take on these additional
tasks by exploiting its speed advantage and data structure, This papsr will
describe the basic architecture of the aid, some of Its limitaiions, its
advantages, its growth potential, and finally some recommendations for application
development and further research.

———

1. BACKGPOUND:

RADC has undertaken a major effort in the area of decision aid development. As
part of this efrort, RADC has developed a route-planning aid to assist a planner
in {identifying the least lethal path through a very dense threat area. This aid
Goes an excellent job of identifying a path and guiding the operator. In
particular, the aid makes maximvm use of terrajin masking in its selection of a
route., Unfortunately, the ald takes a relatively 1long time to calculate the
optimum ppth.

The approech often used for path optimization is called a branch and bound searchk
with dynamic programming. This technique first constructs a state space which for
a single altitude flight is a two dimension array with each cell representing a
xeographical position, Each cell of the arrsy has a value corresponding to the
lethality,//time for that position. Given a start location and an end lccation the
preblem is to find a path through cells whose sum is the lowest. This is doune by
an algorithm creating a route from the staurt (or end) cell., The algorithm checks
each cost of each move to adjacent cells (plus the sum of moves already taken) and
compares it with the cumulative costs of all previous moves rejected. The leant
cost wove Is cnosen (branch) and that route is extended (bound) and the process
repeats. As the lowest cost move is always extended first, the first route to
reach the goal is the least lethal. If a cell that had previously beca entered by
another route is entered again by another route, the second route is dropped froa
consideration as redundant (dynamic programming). (reference 1)

The branch and becund with dynamic programaing technique has the advantage of being
a comprehensive svarch without searching out all possible paths. Its disadvantage
is that it normally involves a huge number of alternatives. This oocurs because
it must have frequent regressions to extend paths. The number of routes examined
is %hus » function of the size of the stats space and the threat distribution.
Although some techniques can be wused to apeed this process, additioral
capabilities (variable altitude, EW tactics, etc) exponentially increase the size
of the state aspaca (making it a n-dimension array) and thus oxponentially increase
the time %0 complete the optimization.

2. DECISION AID FOR THREAT PENETRATION ANALYSIS (DATPA)
2.1, DESCRIPTION:

2.1.1. DATPA works to simplify the search process by dramalically reducing the
number of feaaible routes. The operating heuristic of DATPA is that it ls
desiradle to go around thresats or, in the sbsence ol a threat, go straight toward
the goal. Distance (Tuel) limitations wjll also set limits on the allowable
devistion from a direct course toward the goal. This dramatically reduces the
nusber of possible routes. In its present state of developaent DATPA mckes the
ussumption that lethality/unit time for a threat is essentially constant acioss
its engagement envelope. Note, this does not mean it is less lethal to be atl tha
center of a threat envelope as at its periphery since the iime of expcaure would
normslly be higher at the center. Obviously, this assumption detracts from the
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purity of the aid, but it allows for great growth potential.

2.1.2, DATPA uses a technique called *object-oriented® programming where the
objects are the threats. These objects have all the characteristics of the
threats, including the methods for avoiding the threats, stored with the threats.
DATPA does this by creating a series of data atructures, The first set of
structures defines each of the types of threats in a generic sense. This includes
the threat cap<bilities against various penetrators, threat range at various
azimuths, and the susceptability of the threat to EW, These descriptions use the
FLAVORS functions of ZetaLisp and include all the basic threat characteristics
(methods) for going around the threat without being exposed to it. These data
structures are generic since they do not contain any information pertaining to the
specific location of the threat. The mathods in the structures require additional
data such as the number of penetrators, type of penetrators, penetrstor speed, EW,
etc. These additional parameters are automatically passed to the functions as the
ald solves the penetration problem. As each actual inatance of the threat |is
created an instance of the flavor for that type ‘threat is created. As this is
done the terrain masked threat edgas is ocalculated wusing a terraln wmasking
technique similar to that defined by SCT (reference 2). The masking algoritha
develops a series of rays from the threat location to the point at which the
threat 1s masked for a given above ground level altitude. This point 13 deflned
as the terrain masked edge of tha threat. As the terrain masked edge 1is
calculated the azimuth dependent characteristics of the threat are also included.
This {s done by defining the edgs of the threat as the limit of terrain masking or
the threat range on a "bald" earth. The threat range is contained ia a liat for
that generic threat type (corrected for orientation). Thus the threat need not be
circular or even symmetrical. The calculated terrain masked edge is defined by
two lists (one being the reverse of the other) that define the point to point
movas around the threat. These 1lists loop back on themselves and form the
clockwise and counterclockwise moves arounc the threat.

2.1.3. DATPA next constructs a large iwo-dimensional array with the array indices
corresponding to wmap coordinates. In this sense the DATPA starta like other
planners, however it differs from them in what is stored in each cell of the
array. Rather than store only the lethali{ty for that map position in each cell,
DATPA stores a list of each threat that can illuminate that cell positior. The
lists of threats are updated as the rays for each ihreat are extended for terrain
masking. This means that once a cell is addressed, all threats of interest are
known and through the data structuring all the unique characteristics (threat
location, type lethalfity, etc) are also known. In addition, since the threats
types are known, the paths for going around the threats are also known., Finally,
this data also allows an estimated lethal exposure to be calculated for each of
these paths.

2.1.4. Using premise of moving on threat edges and the data structure described
above, the aid can construct a series of routes from a starting location to some
goal. Each route is constructed uvsing the DEFSTRUCT function of Lisp and contains
the actual route, estimates of lethality and distance, EW capabilities, fue}l, etc.
As the route 1is extended fuel, loading, speed, etc can change. The routes are
constructed using the following rules:

2.1.8.1. In the absence of any threat, go straight toward the goal.

2.1.4.2. Upon encountering a threat (array cell illuminated by a threat) from a
straight 1line, have the threat project the present route around the threat and
have the threat construct a new route (branch) going the other way around the
threat. Note the threat conatructs the alternate routes as extensions to the
existing route (binding). This {s done by the threat because the ihreat data
structure contains all the information about the beat paths around itself. As
these routes are constructed, calculate the lethal exposure and the distance of
each. Thus two routes (clockwise and counterclockwise) would be esatablished.

2.1.4.3. Upon encountering a new threat while going around another threat,
project the present route through the new threat, consiruct another route in the
same direction (clockwise or counterclockwiae) around the new threat, and
construct third route in the opposite direction around the new threat and through
the present threat. Since the threat characteristics are known the ald can
determine the lethal exposure and the dist. ace of each route.

2.1.8.4. Whenever new routes are created, all previous routes are compared with
the new routes and the best route (based on lethality and,diatance) is extended.

2.1.4,5. If multiple threats are encountered simultanscualy, new routes are
created and the existing route is extended for each threat as deascribed above.
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! L 2.1.4.6. Routes that exceed distance/fuel limitations are eliminated.

route is eliminated from the list of possible routes (dynamic programming). The
logic 1s that since the least 1lethal route is always extended first, any *
subsequent route that reaches the same spot must be non-optimum.

2.1.4.8. Exit going around a threat when the goal can be seen.

i 2.1.5. The above rules create many partial alternate routes, always extending the
mnst favorable route. Thus, the first route to reach the goal becomes the least
lethal. This route has also made maximum use of terrain masking. Additional
rules are added to avold loop backs and redundant routes. This technique 1isa
called a branch and bound search technique with dynamic programming and is similar i
to other rqute planning aids, but here the number of permissidle routes is 14
drastically reduced. Throughout this process the main program does not know how .
to extend a route. Instead, it gets this information and the lethality data from

the individual threats, This simplifies the software and wmakes it eaay to

: add/remove/modify threats or threat types. As threats are added or moved, only

v the cells 1illuminated by the threat need to be changed by adding or subtracting

the threat name. The interaction between threats does not need to be changed

since that is only calculzted as the route is bullt. Figure 1 shows an exaample of

a route found by DATPA. As can be seen the route proceeds from the point of ]
origin ('s' position) directly toward the goal ('x' position) until a threat is 3
hit. Two alternative routes are ther examined around the threat. Since both

routes have a zeroc lethal exposure, the shortest route is selected. Note that

DATPA, as written, does not give a final route. The route in figure 1 can be

shortened to go Jdirectly from the start position to the threat edge. Figure 2

shows a line of threats with a DATPA generated route. Here, DATPA checks routes

alternately extended clockwise and counterclockwise outward from the center threat

until a point was reeched where a route could be found around ail threats. If the

range precluded going around all threats, those routes exceeding the range would

be rejected and the least lethal remaining route would be 3selected. Figure 3

shows a case where there was a distance limit. The route chosen is not the

shortest through the threats, but rather the one with the Lleast threat exposure

while still within distance constraints. Once again DATPA ,as written, does not

give a final route but merely demonstrates a technique. In addition to the route

3moothing, the routes 1in the examples should also be limited by aircraft
characteristics and tactical considerations. These features would need to be

added for a deployed system.

i
! ‘ 2.1.8.7. If the same position is reached by two different routes, the second N
|
|
1
!
t
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2.1.6. The previous description was for finding the least lethal rcute for a -
single speed and single altitude with nu electronic warfare. However the spesd of ¥
the aid and (ts basic architecture allow other characteristica to be examined.

For example, If it i{s possible to negate a single threat of a given type (through

jamming, Wild Weasel etc) a question arises as to which route is best and whioh

threat should be negated. For this case, as the DATPA is developing routes and it

encounters a threat which is of ths type that can bd negated it coreates an

additional route ignoring that threat and eliminating the possibility of negating

any other threats. Thus new routes are built and compared that rerleci the

elimination of various threats. The first route to reach the goal 1is agsain the

least lethal and, i{n addition, it shows the best threat to eliminate. Figure &

shows another route by DATPA where the system was given the capability to destroy

one of the small threats but none of the large threats, The threat destroyed and

the route chosen are shown. Alternate routes were examined Ly the ajid bdut they

would have involved greater distances. Similar techniques can be uzed to

determine the best speeds to use, best altitudes, or other variable mission

parameters, In each case additional routes are creasted (reflecting the mission

parameter of interest) and compared. It would also be possible to use the DATPA

architecture for an aid that would have multiple sorties and would determine the

best use of defense suppression or saturation techniques. An actual system could ’

o o g vyt
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eliminate much of the code 1in the proof of concept version, but would require 5
additicnal programming to gencrate final routes and to use real siroraft :
polynomials.

3. LIMITATIONS:

2,1. DATPA {3 not the panacea to mission planning. While it offers aignificant
advantages, it will also require human Iinterpretation and other tools. In
addition, the DATPA technique does have some limitations.

3.1.1. DATPA does not {incorporate all the considerations (ie navigation aids, 1
minimum/maximum leg length, etc) presently used in planning. Some of these could
be added without problem while others may be best left t( an operator interacting
with the software.




3.1.2. DATPA also does not yleld the mathematically optimum route aince it iimits
rouces to threat edges or direoct paths toward target.

3.1.3. Finally DATPA is sensitive to threat positicning and sltitnde for terrain
masking. This limitation, which DATPA shares with otner terrain manking tools,
pakes the route validity very much a functior of the thresat uncertainty,
Additional studies should be conducted to quantify this limitation and to develop
work-rou?da (eg position the threat at the highest altitude within its uncertainty
envelope).

8. ADVANTAGES/GROWTH

3.1, The primery advantage of DATPA is its relative high speed. The concept
demonstration can find the best routes in extremely complex environments in less
than one-half minute simultaneously defining defenses to be suppressed. Although
this 1is a simplified version of a deployed aystem, it is not cptimized for speed.
In fact, the exiating system has a great deal of code to alow down the process to
make it easier to demonatrate. Thua a deployed system incorporating actual weapon
system polynomials should have better timas. The actusl time is a function of the
denaity of the threat and the complexity of the tsak (speed changes, EW, etc)
required. This speed allows the DATPA to incorporate additional ocharacteristics
that are not feasible with slower technigues. This is a key point. The slight
threat simplifioations made by DATPA plus its basic architecture, make a wide
range of planning activities possible. In addition to the itema mentioned esbove,
it would be possible for DATPA architecture to deal with routes involving standoff
weapona, threat degradation through EW, excluded areas, and target prioritization.

S. RECOMMENDATIONS/CONCLUSIONS:

5.1, DATPA as it exiats now is strictly a demonstration version written in
ZetaLisp ard running on a Lisp machine. A deployable version of the concept
should be built on a machine presently used by mission planners using asoctual
threat data and weapon aystem polynomials. In addition, the satrategic and
tactical planners should be surveyed to identify growth areas for DATPA. These
growth capabilities should be incorporated in the deployed systems architectures.
Finally, the deployed system should incorporate characteristics such as navigation
alds, map preparation, route summary, etc to make it easier for the aperator.

5.2. DATPA han met its original goal improving the threat penetration analysis
process using heuristics. While not yet creating a human's global perapective,
DATPA's data structure gives the system the capability to look ahead and project
*aasi{ble alternatives while avolding a large search problem of infeasibie

tternatives. The techniques used in DATPA are not particularly ocomplex,
difftoult, or new. It is a symbolic system using simple heuriastics, but it is not
a ‘rule’' based expert asystem. Its benefit is not complex mathematioal
sophistication, but rather the tremendous advantags of speeding a process even at
the slight loss of precision. This principle opens the door to a wide range o.
future applications.
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DISCUSSION

R.¥. MacPherson, Canada

Could you axplain again why the path chosen stayed "glued" to the threat circles after it
appeared obvious that it cnuld proceed directly to the target?

R.J. Kruchten

The path shown is an artefact of the way tho path was calculated by applying the heuristics.
As was said in the presentation, further processing ix needed on the path shown.
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o SUMMARY

As the threat becomes more sophisticated and weapon systems more complex to meet the
threat, the need for mackines to assist the pilot in the assessment of information becomes
paramount. This is particularly true in real-time, high stress gituations. Real-time is
defined as whatever time is necessary to perform these functions or tasks. The advent of
artificial intelligence technology offers the opportunity to make qQuantum advances in the
application of machine technology. However, if Al systems are to find their way into combat
aircraft, they must meet certain criteria, They must be responsive, reliadle, easy to use,
flexible, and understandatle. This paper compares these criteria with the current status
and concludes that significant additional progress must be made before an Al system can be
used in a combat airborne application. Current AI systems deal with non-real time applica-
tions and require significant user interaction. On the other hand, aircraft applications
require real time, minimum human interaction systems. In order to fill the gap btetween
where technology is now and where it muast be for aircraft applications, considerable govern-
ment research is ongoing in NASA, DARPA, and three services. This paper briefly summarizes
the ongoing research. . Finally, recognizing that AI technology is in its embryonic stage,
and the aircraft need re very demanding, a number of issues arise, This paper delineates
these issues and provide indings where sppropriate.

POTENTIAL BENEFITS OF ARTIFICIAL INTELLIGENCE

] e rea ecomes more sophlsticated and weapon systems more complex to meet the
threat, the need for machines to assigt the pilot in the assessment of information becomes
paramount. This is particularly true in real-time, high stress situations. Real-time is
defined as whatever time is necessary to perform these functions or tasks. Yor example,
during tho ingress/egress portions of a flight, a machine could alert the pilot to the
presence of a threat, suggest/use countermeasures, and/or recommend an alternative flight
path. During the target acquisition phase, tho machine could recommend target priourity,
the appropriate weapon and the firing sequence of the weapons. During the entire flight,
a machine could monitor the aircraft systems "health", diagnose problem areas, ‘ndicate
the effect on the mission and reconfigure the system where feasible/appropriate.

Although one normally thinks of a high periormance combat aircraft performing these
functions, the helicopter must not be neglected. This is most evident when one considers
the pilot workload implications which attend a single crewperson operating at night in
adverae weather at altitudes which seldom exceed 30 feet. A system of AI augmented capa-
bility 1s required for both flight path and mission management.

In the easier 'ncn-real” time portions of the mission, a machine could plan mission
events, renerate realignment options and also evaluate options for degraded missions. For
training, a series of "machiue experts" could act aa instructors and as a bLy-product also
provide the documentation of much of the expert's krowledge/expertise which for the most
part may not have been disseminated and thus lost.

The advant of artificial intelligence technology with the machine assessing, and in
some cases controlling information from many internal and ecternal systems should lead
designers to think more of integrated avionics systems. Seasors will provide information
that will dictate the flight path. Flight surfaces in a damaged situation will be auto-
matically controlled depending upon damage assessment and countermeasures will automatically
be implemented dependent upon the assessment of tho ‘hreat. Areas which must be considered
in addition to artificial intelligence, include the avionics architecture, processors,
displays, and the man-machine interaction.

WHAT MAKES AI DIFFERENT

n contrasting with what ie typlcally recognized as engineering problems, the:e
are major diffcrences Kngineering applications usually concern well-defined probless
for which the path to the sclution is known, the algorithms are well-defined (e.g. FIT),
the memory requirem~nts are fixed and the execution time is "pre-determined”, On the
other hand, for AI, the problem is not well-defined (no closed solution exists), an¢ the
solution path is determired "on the fly" and changes as the world changes. In doin; this,
the Al sy:tem examines the curren® state of the world and reacts to it accordiug to a pre-
defined set of rules. The system muat also be able to support some means of back-iracking
to determire if the conditions are still the same.
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REQUIRED CIARACTERISTICS OF Al SYSTEMS
n order to systema to n eir way into combat aircraft, they must meet certain

criteria. The following 1s a brief summary of some of the more important areas.
ROlggnnive ~ An Al system must provide needed information when it is required. This is
particularly true in "real time" situationz where decisions must be made in a matter of
seconds.
Reliable - The question of how reliable the system must be deponda on what functiona it
Ts Intended to perform and whether it is in a control or advisory role. Since AI is intend-
ed to perform heuriatic reasoning to deal with complex situations with incomplete or
cnoertain information, one can only expect it to produce a solution that is pretty good most
of t2¢ time 1.e., only as good as the experts., Realizing that an Al system will never be
100% reliable does not avoid the issue of identifying how reliable it actuslly is. This
gives rime to the question of testing and evaluation of intelligent systems. Currently,
there are few metrics for the evaluation of these types of systems. In summary, the quea-
tion of reliability is an area that needs considerable work,
Easy to Use - An Al system, if it is to be useful, must be easy to use. That means the
pilot ahould be able to interact with the machine in a simple manner. Means of interaction
include speech, displays, and tactile IO (touch panels, etc,). The cockpit environment for
this interaction must be copsidered i.e. noisy, stressful along with the different =peaker
types and styles and graphic presentation of complicated information.
Flexible - An Al system gshould be able to adapt to the situation, both internal and uxternsl
e aystem, for an ideal case, should be able to evaluate the pilot's condition and present
information which is appropriate for that situation. Alss since the AI system will be
conveying a different type and potentially greater quantity of information to the pllot,
although possibly in a more concige or condensed form, new requirements in interface media
may be needed.
Understandable -~ An Al system has the ability to explain its reasoning. This explanation ot
the reasoning and decision making is one unique requirement for a pilot communicating with
the Al system. Also since the pilot may have knowledge in priorities unknown to the system,
he should be able to redirect, reject, or seek another solution.
Al Technology Statuu/Needs - Table I presents major categories of an Al system, the current
atatus and what 18 required for airborne applications. As can be observed from this chart,
significant additional progress must be made before an Al system can be used in a combat
airborne application. Current AI systems deal with non-real time applications and require
significant user interaction. The rule base is usually less than a thousand and has limited
man-machine interaction (e.g. voice recognition - 100 words in a non-stress environment).
The hardware's architecture allows only sequential operations highly constraining real time
applications. And finally, researchers are only beginning to scratch the surface in under-
standing how to extract knowledge from the expert and representing that knowledge for
machine operations. On the other hand, aircraft applications require real time, minimum
human interaction systems. The rule base will greatly exceed 1000, and volce recognition
of 1000 words under high stress conditions will be required. Machines having architectures
allowing parallel operations for real-time applications along with an easily developed/modi-
fied knowledge base will be needed.

STATE OF THE TECENOLOGY FOR INTELLIGENT AIDING IN THE COCKPIT
TECHNICAL AREA CURRENT CAPABILITIES DBSIRED UIRED CAP!BILITIES
expert systema Non-ren] time ) e "
Rensoning about static Reanoning about dynamically
situation changing environment and time-

knowledge representation

problem molving/planning

Speech Underatanding

Computer Hardware Crew
Crew Intnrface

Limited capability for deal-
ing with uncertain, incom-
plete, or inconaistent
iaformation

Rule-based ayatems

( 1,000 rules)

Limited controi structures

Limited explanaticn
ckpability
Symbolic computation

Single expert
Limited expressibility

Well-defined, fixed goals,
conditions, objects and
propertiay

Single Agent
Non-overlapping events

100 wordy, restricted
language

Sequential operations
Non-flexible and limited
capability

TABLE I

based informaticn
Rigorous methods ror dealing with
uncertainty

Model-baged systems 1000-19,000
rules

Efficient control etructures for
desling with multiple representa-
tions

Extensive sxplanation capability
as needed

Aybrid reasoning about aymholic
and numgric information

Multiple cooperating intelligent
systems

Representations for temporal,
spatial, qumlitstive, default,
functional, structural and anslog-
ical knowledge

Dynamically changing goals condi-
tions, objects aud properties

Multiple Agent

Simultaneocus and overlapping evenw
Temporal relations

Plan execution monitors
Incremental Planners

1000 word vocabulary, connected
speech, ratural language
Parallel operationa

Crsw information requirements
by (intelligent aystems)
function

Adaptive aiding

Wultiple interface medis
Natural human-like
Communication

Laa . aand
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Ongoing Effort - In order to fill the gap between where the technology is now and where it
mist be for aircraft applications, considerable research im ongoing. The following is a
brief s.mmary of the pertinent efforts.

DARPA - NARPA has initiated its Pilot's Associate Program as part of its strategic computer
program. The Pilot's Associate Program will have as its focus a deronstration that will
both challenge the technology base programs, and that will show the military potential and
the utility of transitioning this work to service programs. Such goals as cooperating
expert systims, processing speed through parallel processing, and new ways of inforamation
portrayai for pilots provide majnr program direction.

NASA - The following are the appiicable ongoing NASA programs:

- Inflight Fault Monitoriiuy end Diagnosis - This work is concerned with onboard fault
detection uns H]AgnoaIa as an ntae o the ght crew. The purpose of the work is not only
to identify the failure within the «ircraft but also to identify its effect on the aircraft
capabilities and functions,

- Crew Erro» Tolerance - This work is concerned with detecting crew errcrs and icdenti-
fying them to the pilot.

~ Crew Interface with Intelligent Onboard Systems - This work is concerned with humans
1nterflclng with InteIIIgent onBEar% nys{ems. T%Ia Includes using Al for intelligent
interfaces (e.g. natural lagnuasge understanding for voice I/0), the content of the inter-

face between the pilot and specific intelligent aids, and the interface media usmed for the
communication.

~ Navigation and Gui..u.ce
- anning 1ools - This work is mainly focused on space applications, but many of the
basic concepts apply to aviation as well.
ARMY - The Army has established as Centers of Excellence for AI, the Universities of
Pennsylvania and Texas. The following is a brief description of these efforta:
University of Pennsylvania ~ interaction with dynamic data bage, flexible data type
systems, movement representation, 3-C wision and robotics.
University of Texas - problem solving, text knowledge systems, probiem solving with
uncertalnty, search techniques, parallel architecture.
The Army also has the following efforts underway:
Helicopter Mission Planning and Enroute Navigation - Stanford Regearch Institute
AI Theory and Reconfigurable Coatrol Systems — Princeton University
Study in Natural Multi-Nedia Communications - Louisiana State University
Representation and Decision Mechanisms in AI - Duke University
Role of Experience in Common Sense and Expert Problem Solving - Georgia Tech Univ.
Al, consultant program/diagnostic troubleshooting
Army Aircrew Aircraft Integration - AVSCOM
Al Applications to Army Aviation Systems
Multiple Expert Resolution - SWL
General AI - NVEDL
Decision Aid Supplied to Short Range Ailr - HEL
Artificial Vision
Application of Al to automatic EO Target Tracking and Classification - CSTAL
AIR FORCE - The following is a delineation of the Air Force Programs:
~ - Investigation of Combat Aids for Pilots by Expert Systems - Systran Corp.
- Adaptive Tactical Navigation - Analytic/McDonnell Aircraft
AI Applications for Pilot Decision Aiding - Gen Dyn/TI/GE
Avionics Expert System Definition - BBN, GD, Boeing/AI/DS
Panoramic Coc it and Control Display System - TBD
Threat Recognition and Processing Techniques -~ TBD
Unified Trajectory Control System - Lear Siegler
Cockpit Automation Technology - McDonnell Aircraft, BBN, BDM
Pave Pillar - TBD
NAYV. - The following are the relevant Navy Programs:
- Modeling -~ ONR - Cognitive Structures and Processes, Human Decision Requirements
Man-Machine Interface
- Threat Clasaification - NRL, NADC, NUSC - ISAR, Acoustica
- Multi-Sensor Information Integration - NRL, NADC - Radar, ESM, Acoustics,
Intelligence
- Mission Planning - NOSC, NADC - Air Strike Planning, Tanker Air Refueling
Scheduler
Attack Planning - NADC - ASW Localization/Weapon Launch
Fault Monitoring/Diagnosis - NRL - Automatic Test Programs
- Target Assessment, Adaptive Control - NWC

PROBLEM EXAMPLE

yplcal Navy platform that could be aided by AI is the E2-C aircraft. Its mission
is to provide fleet protection by serving as a command and control post. The operators
on this aircraft are faced with large amounts of data coming from both the on-board sensors
and the data links. After processing, this data is displayed. Because of the amount, rate
and diversity of the data, often the displayed information is cluttered and fragmented.
This leads tc an overloaded operation and hence poor tactical decisions. The ultimate
penalty could be fleet deutruction.

An AI based solution for this problem could be the addition of am intelligent adjunct
(machine) that could be inserted after the information is processed and correlated. The
respongibilities of this machine would be to resclve uncertaintles and conflicts, provide
sound threat assessment and interpret and predict the actiona of the threat. The results
of having such an adjunct would be a unified, informative display presenting a clear
tactical picture leading to an informed and in control operation.
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A key component of an intelligent adjunot is the plan recognition model. Plan
recognition is a process by which humans interpret/predict the actions of others.
Theoretical models have evolved in behavorial scieuce which are symbolic, heuristic in
nature. However current plan 1ecognition models/Al techniques cannot deal with threat
activity. If ons compares the present status of plan recognition against what is required
for the tactical problem, significant shortfalis can be identified as tollows:

PRESENT PLAN RECOGNITION TACTICAL PROBLEM
"Where Te Are" "Yhere Ve Are"

Single Action/8imple Task
Well Defined Goal
Constrained Actions
Certainty in Actions
Limited Revisions Multiple Revisions
Time is not a Fector Time 18 a ¥actor

This problem is currently being investigated at the Naval Air Oevelopment Center,
Warminster, Pennsylvania. In order to make the transition from where we are today to
fleet operations, significant developments must be made in knowledge acquisition, parallel
processing, man-machine interaction, wnd AI tools {e.g., higher order language).

ISSUES ~ Racognizing thut Al technology is in its embryounic state and the aircraft needs
aré very demanding, & number of issues arise. These issues must be addressed by botp the
research and operational commuuities if Al is ever to realize the expectations peopl» have
for it. The following is a delineation of some of the issues.

o0 How reliable must an AI system be? (Real Time vs Non-Real Time) How do we determine

that reliability?

Multiple Actions/Complex Tasks
Uncertain Goals

Unconetrained Actions
Uncertainty in Actions

000000
000000

o How will we test and evaluate these AI Systems?

o What ghould be automated using AI? How far can AI go?

o Yhat are the limitations on implementing AI in the cockpit? AI Techn.logy, Hardware,
Pilot-Machine Interface, Pilot Acceptance.

o How adaptable will the AI System be? 2

©0 How are multiple Al and non-Al systems coordinated? How are con¥ .cts between them
resolved?

o How should the emerging AI technology be integrated with conventional azutomation?

o What special requirements exist for communicating between pilot .1d Al system?

o How far cun Al go in being a successful training device?

o Can a real time AI system be made cost effective?

o Is the current ongoing research work in AI addressing the ker issys, if not what

should be done?
o What are realistic expectations for Al for aircraft entering serv:ce in 1990, 1995,
2000 and beyond? &8
Findings -~ After reviewing the operational need, the current state-of-the {rt the on-going
Tesearch effortse and the questions still unanbwered one can conclude the  ollowing:

~ The areas in which AI could be the most benefit will be the most difficult to
implement. 7The Combat Aircraft Pilot is faced with making life«deciding decisions in an
uncertain, high stress environment. These decisions in many cases must be matde in a matter
of seconds. However, for AI to be able to aid in these sitvations, significart progress
must be macde in all aspects of the technology.

-~ Davelopment is needed in - knowledge acquisitfon, parallel processing, m&n-machine
interaction and AI tools (e.g. high order language).

- Ongoing research efforts could be better coordinated - As noted earlier in this
paper, ccnsiderable research efforts are ongoing in DOD and NASA. If information from
these efforts was shared among the workers, duplication could De avoided, the most prqyssing
igsues addressed, and applications to combat aircraft be available earlier.

- Expectations for Al should be in consonance with reality - Currently many veople
feel AI will be a cure-all., However, as mentioned earlier, since AI is dealing with heuris-
tic information it is unrealigtic to think it will be 100% reliable, (Nothing we have now
is 100% reliable.) Again one has to identify th: roles of Af in providing advice or
actually contrnlling events. Once that role has heen defined, realistic goals can be
formulated and research performed on the outstanding problems,

~ Designars should be thinking of system integration aspects of AI -~ Since aircraft
have a minimum life of 30 years, it faces a changing, ever more sophisticated threat.
Designers of avionics systems should keep this in mind and attempt to extend their vision
to ensure new technologies, such as AI, can easily be integrated intc ihe avionics system.
For example, it is envisioned the ALl systems of varying degrees will be available ovor tbhe
next 25 years. Combat aircraft for flsoet introduction in the 1990*s are currencly being
formulated. These aircraft should be so designed to easily accept the AY advances. This
is the responsibility of the systems architect.
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Mvanced Sensor Exploitation

M. Josegh Antonik
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peper dsacribes trs Advanced Sensoxr Exploitation Testbed developed by the Rame Air Development
advanced in the area of milti-sensor, malti-

sensor systams have been designed to exploit a specific target characteristic such as movement or
emissions and provide a high volume of information in near-real-time.

The sansor data, once coirelated and fused, will be integral to a data base that can be exploited
by target and threat identification and tracking algorithms in order to provide the necessary information
recuired by tactical decision makers. The dynamic value of the sensur data, the timely requirement for

information and the volume of data to be processed predicates that automatic correlation and exploitation
functions be utilized.

The Advanced Sensor Exploitation (ASE) Testbed was developed by the Rome Air Development Center
(RADC) to test and evaluate the advanced capabilities in autamatic correlation, processing and display
of the products of the advanced sensor systems such as the Moving Target Indicator, Imaging, Radio and
Radar Detection type sensors. Functions which have been developed and demonstrated include: the
ability to correlate data from miltiple sou.ces and multiple sensor disciplines, the ability to o/
timously track high priority targets, the ability to spacifically identify critical nodes, the ability
to autamtically issue threat alerts when friendly air missions are potentially threatened by enemy Adr
Defense Units, and the ability to cue sensors to change modes or to cbeerve specific areas or signals
of intexest. Also developed wms an evaluation module to determine the accuracy and effectiveness of the
Asauqotiﬂmmﬂamtmvummﬁntmimofamriomﬁmsystancalledthevyrmic
Ground Target Simulator (DOTS) and the appropriate sensor models.

SCENARIO GENERATION

Due to the camplexity and time requirements involved in the preparation of scenario data it was
deci?sd early in the ASE program to develop a modular, flexible scenaric gemeration tool that would pro-
vide similated ground target movement, comamication and air defense activity of an opposing fiorce.
This autcomated scenario generator, mfermdtouby!mic&uxdnrqetsimﬂamr, (DGTS) , permits a
variety of socsnarics for testing purposes with minimw preparation time.

DGTS is composed of two main elmments. A model construction subsystem, which provides automatod
tools and a methodology for the malel building process, and a scerario generation subsystem which
schedules ad executes | ¢ events included within the models and allrws interaction with the scenario to
a3l additional events or change existing events.

The most important features of the model constructinn subsystem are the modal definition language,
which is based on PASCAL, and the model librarxian. This definition language forces a structured
modular of models which is an important

subsystem
inserted, removed or replaced, while ensuring the necessary linkr to other mxdules within a given molel
are mintained. In addition to developing the model definition language, it was necessary to develop a
translator for the language. This capability wes provided by modifying a PASCAL compiler.
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The scenario gansrution subsystem contains two oceponents: a scenario exscutive which performs the
function for the system, and a scenario monitor which allows & man-machine interface. Tha
scenario exscutive scheciles and exacutes events starting with initial orders received from a text
editor. This process rFegins after th. model has bami construc®d. The exacutive interacts with the
mdel file to produce a scenario file based on the svents listed in the model file. It als> interacts
with the scenario monitor. mmmmpmunmumummwmmam
display. Events can be addsed or modifisd through the scenario monitor. Tivee options are provided to
allow events to ba added at any point in the soenario: eveuts may be added and scheduled to begin
immediately or they may be scheduled to begin in scme specified length of time or they may be scheduled
to begin at somn specific time in the scenario.

Scenarios have been developed from the Motorized Rifle Regiment to the Combined Arms Army level
operacing within a 200km x 200km area basad around the Fulda Gap region of Germany. Activities reflect
the hierarchical nature of the military unit as well as military doctrine. Deterministic unit movement,
vuhicle movement, compunications activity and air defense activity are contained within the models. In
addition, there is probabilistic commmication and air defense activity incorporated. Physical
realities such as cartograghic features, tarrain, weather and their effects have been ircluded.

The Dynamic Ground Target Simulator has been implemented cn Digital Byvipment Corporation's VAX
11/785uttnumamdnphymwtoru1mermwmmdhpwﬂ The DGI'S sys-
tem provides an event driven, dsterministic simulation approach. A variety of scemarios can be gen-

erated 17tilizing the system simply by varying initial order conditions, entity data or via on~line
interactive event scheduling. Scenarios are recorded for future playback and all generated scemario data
can be viewsd on the RAMTER graphic display system.

SENSOR SIMULATION

Sensor simulation bacame a requirement for the ASE Testbed due to the unavailability of sensor
output data. Also, a need arcse O be able to generate sensor data utilizing varying operating
characteristics in order to fir y test the exploitation functions.

The sensor simulation portion of the ASE test enviromment consists of three subcomponents: 1) the
sensors, 2) the platforms, tx the extent that sensor performance is altered by a characteristic such as
altituda or flight path, and 3) the information content of the output of a sensor ground processing
station. The test enviromment currently includes generic models of an MIT seneor, a radio datection/
location sensor, a radar detection/location sensor and an imaging sensor.

Grourd truth infoxmation which has been genarated utilizing the DGTS system is sent to the sensor
systams. Based on the sensor and sensor platform characteristics as well as envirommental factors such
as terrain and weather at the time, a detarmination is made as to whether or not a detection has bean
made by the sensor. If it is determined that a detection has been made, messages are sent from the
ground processing station to the correlation and fusion functions regarding the detections. Errors are
introduced into the system at each step of the information flow process to maintain as much realism as
possibla.

The sensor simulation package has been implemented on a VAX 11/785 utilizing FORTRAN as the pro-

language. It should be noted that the sensors are simulated only to the degree required to

provide realistic data to the correlation and fusicn algorithms and do not consist of any full scale
simulations or complex calculations.

EVALUATION

The evaluation subsystem of the ASE Testbed consists of two phases: on-line evaluation and post-
experiment evaluation. On-line Evaluation is a set of software and procedures which is modifiable
either at time of experiment initialization or during the course of an experiment. The statistics

thnxuiuaruultofﬂdndatagaﬂnrmgprocamcanhedisplayudcmwmlyorumquimd This
permits judgamenta to be made as to whethar the experiment is proceeding properly and whether the
proper data is being gathered. If not, modifications can be made as the experiment progresses.

The Post-Experiment Evaluation process includes the software necessary to c¢ollect the data which
was archived during the On-Line Evaluation phase and to massage the data so0 that post-experiment analysis
can be done., Post-Experiment evaluation also utilizes thoc ground truth file created Ly DGI'S and other
files which ware accessed during the experimant. Products created by the Fost-Experiment Evaluation
process incluls a trace of all functions utilized, a trace report of any products produced by any of
ﬂnﬁmﬂ.ﬂm,ali-totany'gzomduuthwmu'mtdatecbedbyﬁnm,uﬂadnubnu
activity report.

ASE_FLEMENT

The ASE Element is the segment of the ASE Testbed where all of the multi-sensor exploitation
functions are implemented. Tha ASE Element software psrforms rapid ocxrelation of information obtained
from both the advanced, near-real-time, high volume sensor systems and intelligence information scurcee
mﬂudnmthmlﬂmmhtddluhanmmumothighg:mﬂwuﬂty,Mtityn:ll— .
itary units, maintain a continuous cbservetion of 'dzh priovity hrg-n and identify threats ; :
friendly air missions. These tasks are perfarmed by the inv>cetion of 4in funcrions) corcelation, .
wide avea surveillance, military unit uu.lyli-,qnchltnwtnly-h Jynamic s!tustiocs asseswwent
uﬂmﬂmﬂcﬂmtmlml Support files such as cartographic and terrain data files, radar and )

radio characteristic files and unit terplacing files are utilized by the six functions. i

o
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The ability to fuse the milti-seisor data and display it in a corprehensible format to the user
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based on physical location. The "closensss measure” value of each entity is then compared to a

the last growp . Ths ramining candidates are then agsignad a MOA which is based on physical

than the
MOA is calculated based on trafficability. The candidate that are remaining are then sorted
according to whether they have a strxung or weax association to the taiget report.
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For entity to group associations, the radlo and radar detection reports are checked to see if they

correspond with an entity that was previously associated with a gzoup. If a link does exist
the entity and a group then the orcups in the data base are gcreened according to physical location.
The MOA is

The limitation of resources imposed upon a tactical battlefield decision maker makes easential
the identificetion and prioritization of potential targets. Providing the identificution capability
within tha ASE Blemant is the Military Unit Analysis (M) function. nnm;_‘inxymiucanbl

The battalion was chosen as tne basic militury unit becsuse, in non-nuclear conditions, tha companies
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target is fouryd its , ID, and location are saved for later use by ths function. For every high
priori wnﬂmﬂm,ﬂnmumofmumnmmmmumjm.
mngctdpathummwmifmwinbawmma\nmw. 1f

All of the functions of the ASE Elament intaract with monitor control functions which allow all
data genexrated to be displayed graphically. This data is represented by varying symbols and colors
and is overlayed on a digitised cartographic data bsse. The resulting “pictures” give the user an up-
to-date graphical repressntation of the battlefield. The graphic displays, through the use of a man-

Utilizing the ASE Element within tha ASE Testbed allows a more realistic evaluation of the functions
utilived in the identification of battlefield targets. The modular approach in the deaign also alluws
functions of sources and furctions.
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an even
cepts and techniques that provide the user with the information that is required in the most afficient
marner possible.

Allen, Steven D., et al., PAR Techrology Corp., Advanced Sensor Exploitation (ASE) Implementation
Final Technical Report, Muy 1983, RADC-TR-82-334, Vol. I.

DISCUSSION

N.L. Busbridge, UK
Vhat database are you using for your line of aight terrain cbscuration?

J. Antonik
The databage used is the US Defense Mapping Agency's Digital Terrain Elevation Database (DTED).
The level of the data is DTED Level III.

R. Cowderoy, UK
How much of the ayatem has been constructed and how ia the syastem being demonstrated?

J. Antonik
All of the functions and capabilities discussed in this paper have been consiructed and
implemented. The system is being demonstrated at RADC on a VAX 11/785 utilizing a RANTEK
graphics system. Graphic symbols (military units and such) are overlayed on a digitized
cartographic database of the area of interest.
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targeting effort presentod in this paper is a United States Navy Expioratory Development
pment and demonstration of multisensor targeting algorithms for air-to-air application. The pro-
capability is described. The current algorithm devslopment i presented. The simulation tool and the
the development and demonstration of the algorithms, respectively, also are described, and
e capability are discumsed briefly.
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5 Future sair combat and attack environments will confront the pilot with a density and divertity of targets, defenses, and {
countermeasures that may overload the unaided single- or two-place aircrew. This paper describes a computer-based multi-
sensor targeting (MST) system development, which will combine multisensor data in real time to generate an integrated MST
display for air-to-air combat. This is a critical function which is ded to support the future development of an automated
knowledge-based informstion procesming system that integrales tnd controls various aircraft sensors for fully automatic target
detection, scquisition, identification, and tracking.

W e e

o T
The ongoing program exploratory development program directed at the development and demonstration of an
MST tracking algorithm. Targeting outputs from a multifunction radar, an infrared search and track (IRST) set, and a passive
intorcept receiver are being integrated and correlated to provide accurate, high-confidence multisensor targeting in the highly
dynamic air-to-sir combat environment under all vonditions of weather, visibility, and electronic order of battle,

E

A real-time demonstration system is being developad to demonstrate the algorithm. The systom is being designod for
flexibility of use. It will be capable of smultancously acoopting sensor data, proceming the MST dats, archiving time-
correlated sensor data (Loth raw and procesesd) and MST data for later snalysis, and genenating MIST symbology fcr presentation
on a graphics display. A rugged host computer is used to implement the system for use ia the laboratory or at a ground-
basea test site. A non-real-timc simulation system aiso has been amembled to support the development, test, and evaluation
of the algorithms in the lhboratory under simulated test and air combat conditi 1. The non-real-time simulation also
provides a capability to simulate sensd>r outputs for driving the real-time system in the laboratory as part of the system .
integration and checkout prior to field integration of the system with real sensors. Y !

Y P

SIMULATION

Because of the limited resources available to support an exploratory development project, the design philosophy of this K
program has been to make maxiinum use of existing software and facilities. The creation of 3 multisensor sir-to-uir simulation H
is an example of the application of this principle. An existing radar-only simulstion was modified to add the additional H
sensors nooded. The bmsic simulation, called SLAATS {System Level Air-to-Air Tactical Simulstion), was developed by the ;
Weapons Department of the Naval Weapors Center. It is written in Simscript, a higher-order computer language with special
features deidgned to facilitate simwation writing, and includes an event timer and linked-list storage structures.

SLAATS i a dynamic air combat simulation which models each aircraft as a network of interconimunicating subsystems
(so¢ Figure 1) that interact by exchanging discrete messages. This structure made it possible to add additional sensors & the
sircraft in a strajhtforward way. SLAATS operstes in finite time steps, with typicil ovent-to-event separations on the order
of | second. For multisensor tracking, the most important events are the end-of-framo times of each sensor when the sensor’s
updated track files are transmitted to the multisensor tracker. Aircraft dynamics are normally updated st a one-persccond

-ate and are modeled with three degrees of freedom so that aircraft orientation is specified by velocity and accelerstion
vectors.
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FIGURE ). SLAATS Nodes Trec of an Aircrafy.

To make SLAATS a multisensor simulation, a new program module was created to model the IRST system. Like thc
oxisting radar module, it transmits the contents of its current track files to the multisensor tracker at the end of each frame.
Simple models for the infrared (IR) emissions of sircraft skin, tailpipe, and plume were created, and their input data sdded
to the parsmeter list for each type of target in the simulation. In addition, models were set up for the IR surface and sky
backgrounds, and for atmospheric attenuation. The general spproach has been to match the level of realism in the IR inodel
to that found in the radar model, whkich uses a Swerling model with a multipsth comrection factor for the radar cross
section,

The modeling of the passive radio frequency (RF) sensor chosen for the demonstration was accomplished by adding code
and input parameters to the existing radar simulation.

Two features enhance the usefulness of the simulution. The first is a simple meamire of effectiveness fo: evaluating the
effectiveness of the tracking algorithm. The function is inversely proportional to the average error between the track and the
true target position, and directly proportional to the¢ length of time for which the track is maintained. The second is the
capability to generate output flles containing time-tagged multisensor sensor data, and to replay these files later without the
nood to repeat all of the calkulations of the simulation dynamics. The real-time computer system is being designed to accept
these filex as inputs when mal sensors are unavailable. In addition, the simulation will be able to replay the data archived by
the real-time system in tests with actual sensors, Figure 2a is a block diagram of the software modules used in the simulation,
and Figure 2b shows the design concept which is being used to implement the interface betv en the simulation and the
real-time system.

MULTISENSOR TARGETING ALGORITHM

As with the simulation, an existing software progrsm was taken as the starting point for the development of the multi-
sensor tracking algorithm. This was the Mission Avionics Sensor Synergism (MASS)/MINYAN aigorithm developed at the Naval
Air Development Center for the multisensor tracking of ships by surveillance aircraft. Although substantial changes were
nooded to adapt it to the air-to-~- environment, it embodied the basic structure of a tracking algorithm, as diagrammed in
Figure 3. The tracker consists ¢ » basic functions:

1. The amociation fumtion, which sccepts the data provided by each sonsor in turm and sttempts to comrelate it with
existing multisensor tracks. If this is not pomible, it creates now tracks. It also deletes old tracks if they have not been
updated for & sufficiently long intervsl

2. The update function, which combines the new data with existing tracks once the best matches liave been deter-
minod. Kaiman fltering is the technique used to implement the update function.

Agresment and branch-snd-bound algorithms are employed as the central elements of the smociation function. Branch-
and-bound is a standard mathematical technique for finding optimal solutions fp search probloms in minimum time. In order
to use this algorithm, it is first necessary to define and calculste an agreement function that messures the likelihood that any
one sensor detection is associated with any ono multisensor track. The specific function used by this tracker is the chi-squared
distribution function of the standardized difference betwoen a multisensor track and s sensor detection. When a ssnsor com-
pletes a scan frame and delivers its data to the *vacker, the values of this agreement function are calculated for all possible

combinations of tracks and detacti~~s, and ‘w4 are olaced in an agreement matrix. Finding the set of one-to-one
matches between rows and ~nv... g e ie sum of the matrix elements for the sot is thus equivalent to finding
the most probable amdgu: .« : Jetection ' - tracka
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FIGURE 2a. Structure of Non-Real-Time Simulation.

NON-REAL-TIME SIMULATION

:
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REAL-TIME SYSTEM

FIGURE 2b. Real-Time System and Simulation Interfaces.
The following is a description of the basic steps performed by the branch-and-bound sigorithn in resolving ambiguities
in the association of multisensor tracks and senso: detections

1. Set up the track assignment problen as a decision tree.

2. Define 8 numerical measure for the goodness of all possible solutions, with the best measure being the one that is
minimum,

:

3. At each point on the decision tree, determine a lower bound on the goodness measure if this branch is foilowed.
4. Use heuristics to determine the branch most bkely to yleld the best solution, and ‘ollow it to the end.

$. Explore other branches only uaril their lower bounds exceed the best value alresdy found.

[ 9
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The first modification made in the tracker was simply the conversion from tracking in two dimensions to three. The
parameters of the Kalman filter in the track update function aleo were modifisd to reflect the vastly greater maneuverability
of aircraft targets and the different resolution of the air-to-air sensors Further modifications include the following.

1. An alternate branch-and-bound procedure, wihich cannot reexplore the same branch of the decision tree, was
developed and mbstituted. The original branch-and-bound procedure could become trapped in an infinite loop if presented
with multiple tracks occupying the same “region of confusion.”

2. A clustering algorithm is being developed to modify the tracker to provide a capability to handle closely packed
targets. The original amociation function viewed the track-matching problein as strictly a one-to-one mapping: one track can
nover match with more than one sensor detection, and vice versa. This property causes problems because of the mimatch in
sensor resolution—betveen ridar and IRST, for example. The radar cannot resolve multiple targets within a resolution cell,
and s0 creates a single track for s closely spaced formation. However, the IRST has multiple detections for the same for
mation because of is superior angular resclution. The original association procedure would match only one of these detections
with the radar track and leave the rest of them “dangling”, unassocisted with the radar dats. Our solution is to preprocess
the IRST data and cluster multiple detections occupying the same region of phase space into “maid tracks™ with track
coordinates given by the centroid of the individual tracks. The limits on the size of the clusters will be matcied to the
radar resolution.

3. The requirement of om~-to-one comespondence betwoen tracks and targets also causes difficulties for the case of
multiple targets on converging or diverging courses. When a group of closely spaced targets, which are detected as a single
track, approaches near enough to be resolvad into individusl sircraft, tae present version of the algorithm creates new tracks
that have no correlation with the track history of the original track. The reverse of the same process occurs when multiple
individual targets come togeiher to make a foimation. The resulting tingie raid track does not preservs the track history of
the merged tracks. A track history function most likely will be added to resolve this deficiency in the aigorithm. As desciibed,
the current multisensnr tracker has beon designated the baseline for the development effort, and will evolve further as the
program progresses and bottcr understanding of abr-to-air tracker requirements is gained.

The baseline multisensor targeting algorithm has been coded into the non-real-time simulation and is currently operational.
An example of the performance level achievable by the beseline is illustrated by the plots in Figure 4,

Thes plots wero generated by a grarhics package acting on the output of the inultisensor simulation. The graphics were
dezigned as an engineering tool to aid algorithm development, and not as a tactical display simulation; however, they do
demonstrate the problems involved in effectively interfacing multiple sensors with an aircrew. Figure 4a shows the true posi-
tion historkes of the targots in a typical simulation scenario; a five-aircraflt formation passing obliquely across the field of
regard of the multiple-sensor platform. In this scenario, the senwor platform is stationary, as under conditions of roofhouse
testing. The simulation also permits a flying and maneuvering sensor platform. Figurc 4b shows the instantancous single-sensor
track data when the targets are centered in the field of regard. Figure 4c contains the track histories generated by the
multisensor tracker to be compared with the trus trajectories in Figure 4a.

REAL-TIME SYSTEM

The Lardware architecture nf thc Tal-time system, which will host the multisensor targeting algorithm for fiell tesiing
and evaluation, !; shown in Figure §S.

The system is built around' a Rugged Digital VAX 11/751. The functions tn, be implemented in the VA X include: the
scquisition of data from the sensor bus; preprocessing the dats; hosting the multisensor trackur algorithm; displaying sensor/
tracker data in real time; and archiving the data for later replay and analyris.

A RAMTEK 4225/4220 graphics procewsor pair will support both high-resoiution colorgraphics display and low-resolutivn
video recording of data i real tims. Data archives will bo maintuined on & VAX-11/75] Winchester cisk in real time, and
on standard half-inch magnetic tape for long-term storage.
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The data bus plenned for the system @ MIL-STD-1553/B which is supported at the VAX UNIBUS by an SCI Systems
bus controller, RS-232C and RS-423A tus interfaces are also implemented to provide sdditional venatility. The 1553
interface with the host computer and the bus controller is implemented in an Avionics Laboratory Integration Device (ALID).
The ALID devios aleo includes a shared UNIBUS memory which allows a second VAX-11/750 to be interfaced with the

system to add another half-MII'S of processing power.

The multisensor tracking real-time system software architecture is shown in Figuve 6.
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in addition to housing the MST algorithm, tho real-time system includes support software modules that: interfacs the
slgorithm with the wmsors; preproosss sengor dsta as necessary to support the demonastration; and archive and display in near
rval-time the demonstration ‘test end evaluation remilts. The main featurs of t'w system softwars architecture is a loosely
coupled asynchronous system that rume under the VMS opanating systems. The software modules that meke up the achitecture
are as follows.

1. SIMULATE_SENSORS - provides s realistic, asynchronous model of the sensor dsta outputs and rates for driving
the real-time system during development and debugging.

2. ACQUIRE_TIMESTAMP_AND_BUFFER_DATA -~ i the software module responsible for interfacing with the
snsors to acquire dats, to timestamp the data with system clock time, and to route the data to the sppropriate RAM
memoty lucations for use by other programns

3, TR ANSFORM_OWN _PLATFORM_MOTION - is responsible for proosssing target tracking dats from range instrumen-
tation an! ¢roviding & peeudo inertial navigation system (INS) dsta store, designated (OWN_PLATFORM_FLIGHT_PROFILE).
Tha dnh‘ is availsble for input to the tracking algorithms., Also, the INS datsa can be manipulated by the TRANSFORM_
OWN_ PLATFORM_MOTION program to make the stationary test site sppear to be maneuvering, which s a requirement for
the operation of the RANGE_PASSIVELY module.

4, RANGE_PASSIVELY - computes range estimates for the target aircraft based on own platform sensor anglo-only
and INS data.

S. MAINTAIN_SENSOR_TRACK_FILES - processes RAW_SENSOR_DATA using gating functions and KALMAN
filtering to gonerate and maintain sensor tracks

6. CORRELATE_MULTISENSOR_TRACKS - designates the multisensor targeting algorithm which will be hosted by
tue system,

7. ARCHIVE_TEST_DATA - is a scries of programs that stores all real-time data on magnetic media for later replay
or analysis,

8, CONSOLIDATE_TEST_DATA_FOR_DISPLAY - proceses target position deta from dissimilar data bases and uni-
formly formats them for access by the DISPLAY_TEST_DATA programs.

9, DISPLAY_TEST_DATA - implements interfaces with either a D.E.C. VT241 medium-resolution graphics terminal or
s RANTEK 4225 high-resolution graphics device for displaying multisensor targeting test and evaluation results.

The software architecture selected for the implementation of the real-time system is very flexible and versatile. Its
loosely coupled, asynchronous design sllows independent development and testing of the modules, and additionally will support
major architecture modifications at a low incremental cost as the program progresses and for follow-on efforts.

The real-time system and the non-real-time simulation also am: designed to enable the exchange of data betwoen the
two systems to expedite and support algorithm development and demonitretion. A utility program is used in the real-tinie
system to convert simulation output tapss ic an acceptable fummat f¢. input tc the ARCHIVE_FILES module. A REPLAY_
ARCHIVE mibfunction in the ARCHIVE_TEST_DATA module is ca;y:bie € replaying the data into the reak-time system in
pseudo real time. Similarly, data can be transferred from the real-time <'stem to the simulstion by a utility that converts
the ARCHIVE_FILES data ‘o a modified simulation input format.

TEST PLANS

The reak-time system will be installed in a roofhouse environment and tested and evalusted against flyover targets. A
data feed from the range instrumentation radars will provide ground truth data against which sensor performance and multi-
sensor tracker performance can be compared. Controlled target sircraft will then be flown in patterns within the field of
rogard of the colocated wensors. Patterns will be chosen to exercise critical aspects of the multisensor tracker (merging, splitting,
centroiding, etc.) at ranges and altitudes that take advantage of optimum multisensor performance. The test ranges and
altitudes of these scenarios are expected to be somewhat different from operational scenarios due to the ground-based nature
of the demonstration. Data will be acquired and processed in real time in the fleld, after which the archive data will be
retumed to the laboratory for deiailed analysis and to support further development/refinement of algorithma Algorithm
modifications made 23 a result of the laboratory analysis of the data base will then be added to the real-time system for
evalustion in future fleld testing.

CONCLUSION

The MST program is the first phase of a long-range program to develop s fully automated targeting system for tactical
aircraft, capable of procesing aw sensur data for: target dstection, identification, and tracking; controlling sensor modes;
displaying targeting data to the aircrew; and paming data to weapon systema, Targeting sourcts to be integrated include 1adar;
IRST; pasive RF sensors; ‘orwa.d-looking infrared; identification, friend or foe; joint tactical informaticn distribution system;
etc. The realization of this long-range goal will depend on the successful development of an effective MST tracking algorithm.

The status of the cument sigorithm development effort is that s baseline multisensor tracker has been demonstrated in
timulstion. The tracker Eac succossfully correlated Jats from inultiple sensor inputs and provides smooth, well-behaved tracks
under optimum conditions. Its performance can clearly be improved in ssveral arees, and work will continue in this direction
in the months ahead. A system architecture for the real-time demonstration of the algorithm has been defined and is currently
beiny implamented. The requitements for testing and evalusting the algorithm are genenslly known, and testing is planned
to start in about the Saptember 1986 timeframe.
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DISCUSSION

M. Stoll, France

If there is digital data transmission between A/C, you could consider corralating sensors which
ars not on the same platform. Have you worked in that direction?

P.G. Krueger

We have vorked in that direction, addressing navigation accuracy requirements in relation to
targetting accuracies desired. But that is not a part of this effort.

R.J. Scott-Wilson, UK

How well does the sensor fusion algorithm handle the occurrence of data arriving in a non-
chronological order, such as from sensors with extreme differences in data rate?

P.G. Krueger
There is no particular problem. The algorithm as implemented, updates the correlated track file
every two seconds, using data in the individuai sensor's track files. If a sensor reports, say,

svery 10 update intervals, its data will be correlated with the other sensors' data wher it arrives
and integrated with the existing multi-sensor track file.
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MACHINE ARCHITECTURES FOR ARTIFICIAL INTELLIGENCE COMPUTING

Author: Raymond P. Kirsch
Co-Author: Christof H. Heithecker
Naval Air Development Center
Warminster, Pennsylvania 18974
USA

Abatract

Alternatives to the von Neumann architectural model are under study by meabers of
the advanced computer architecture community. Recent developments in multiprocessor
technology can ve shown to provide performance spsed increases in the execution of
expert systems. Several of these efforts have been followed closely and are assessed
in this paper.

A predominant operation in AI programming is pattern matching. Searching a data
base of K elements with a von Nsumann architeoture requires, at worst, 0(K) steps. 1In
the ideal ocase, a linear speed up is realived through the use of associative matching
on a suitable multiprocessor system. Two multiprocessor systeams that provide or simu-

late associative memory are DADO and ASPRO.

DADO i3 a binary tree machine under siudy at Columbia Univeraity. This topology
was chosen owing to the simplioity of interconnection of the processors while keeping
the number of intermediate points down in a worst case message passing setting.
Furtheramore, two~way branching in hardware provides flexible moieling of the problam
domain. The forward chaining production system model maps quite naturally onto this
architecture., Indeed, a linear speed up over execution on a sequential machine is con-
ceptually realizable. This is gained by making the match phase a fully parallel acti-
vity.

While DADO is a multiprocessor system designed with AI applications in mind,
Goodyear Aerospae Corporation's ASPROTM was found to be an existing architecture that
is suited to the task of eliminating the match phase bottleneck. ASPRO is a nearest
neighbor bit-wise aasociative architecture that ocan also provide linear speed up during
the matohing phasas.

Both multiproceasors are fine grain, having many processing elsments, each with a
amall local RAM (Randum Access Memory). As sush, they quite naturally are ahle to per-
form associative matohing. They both have a problem when there is need for procedural
intervention during the execution cycle. ASPRO would have to handle a multiplicity of
such requéests sequentially on a 16-bit processor. DADO has a small processor locally
available to each rule for procedural intervention. ASPRO, on the other hand, requires
fewer processors than DADO to achieve the associative memory effect. Both processors
have potential communiocations bottlenecks. ASPRO, which operates in strict SIML
(Single Instruction Multiple Data) mode, does not have the need for synchronization
;oqu%reddottggno when it performs matching while in MIMD (Multiple Instruction Multiple

ata) mode .

Bolt Bearanek and Newman's ButterflyT™ multiprocessor is a coarser grain machine
thkat has fewer processing elements, each with much more memory (up to 4 MBytes). The
associative matohing schemas of DADO and ASPRO would not fit this architecture
directly. An advantage of Butterfly is realized when there is a need for proceduvral
intorv;ntlon.'sinoe it could be easily handled using a M68000 procesaor and a large
looal RAM.

Thinking Machine Inc.'s Conneotion Machine™ represents a unique type of multi-
processor in that the procesaing elements are Iiynamiocally recounfigurable and are of
fine granularity. As such, it can be made to resemble AJPRO and DADO, It can also be
used to experiment witi other possidblie topologies.

In this paper we wil) expand »n the points made in rhe abstract and acd fu:rther

oonsiderations which include: avallability, suitubility to various inferencing sche-
mes, development tools, and host processor possibilities.

1.0 Introdustion ’ .

For over three dcoades software system~ have been designed tu run optimally on txe
pervasive von Neumann cosouter architectury. Various genaral and special purposs
software/hardvare systems have evolved. Kecent deve npaments in oo.mputer hardwarc have
resulted in the onrnnow alternative, wultiprooesaor architeoturez. MNaw arproaches
to software aystems tha  W-CU-verfors their von Neumann zounterpart: sre elso ersrging.

Concurrent with the evolution of computer a~chitacture has been the independsnt
developuent of the fleld of Artificial intelligenc¢ (AI). More racently, severar Al
systems have been demonsts.ted to be capable alds to humans in uvaking Sifficult deci-
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sions. Perhaps the best known of these have gained recognition in the area of mediocal
diagnostion.

Fueled by DARPA and other government agencies world-wide, there has been auch
recent interest in using AI to develop aids for the planning and exsoution of military
operations., As developing Al systems were tried on von Neumann processors their
perforsance has been found to be too slow for them to be viable in many military and
real time applications.

S U S
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One reason that Al systems peri'orm poorly on von Neumann architectures is because
they must repeatedly oycle through many memory locations and procesa them secuentially.
Accessing and processing one memory unit at a time is the nature of the sequen-

; tial von Neuman» machine but not necessarily the nature of the AI system. We ars thus
. led to a general requircament for alternative architectures which are suitable for AI
system execution, namely, that they provide parallel access o many unita of memory and
the ability to process each unit conourrently.
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Some memory accesses and associated processing may trigger procedure oalls. This
would cause even slower execution in the ssquential execution model. Performance in
the parallel scheme will be affected by the number of processors that are available.
In th> worst case, only one prouvessor handles all procedure calla. This causes another
form of performance bottleneck--wherz all memory units have been accessad but a queue of
procedure calls is being handlad by a single processor, Accordingly, another general
: requirement of Al ruchine architectures §s that they be able to provide procedural-
i level parallelism.

Lo s SN

It would appear that assigning one processor per proosdure call would solve this
problem. However, it may ococur that various procedures require multiple access to a
shared resource. This is a third potential bottleneck and introduces another design
requirement.

The above discussion representa some of the issues involved in the execution of Al
systems that should be kept in mind when evaluating harduare. To compound the
situation further, AI systema are continually changing. An architecture %$hat works
well for today's system may not handle the evolving systems of the fusure.

There ars many multiprocessor architestures proposed ror different non-AIl applica-
tions, and it is not appurent which architectures, if any, optimally support Al
systems., In this paper we shall provide examplea nf current AI architeotures and
{ilustrate how they handle the issues raised above. We conclude with a recommandation
on how to proceed with the selsotion process.

2.0 Machine Architectures Past and Present

2.1 The von Neumann architeotural model has a single processor conneoted vo memory by i
a communication bus., The bandwidth of the communications link limits system perform-
ance.

b : BUS -
¢ MEMORY | a~eeae—a-s sw~e== | PROCESSOR
_

E————)

Figure 1 von Reumann Architectural Model

The model illustrated in Figurs 1 {2 the classical model for seauential computing.
Hore one unit st 3 time can be transferred between the store and the CPU and hence, one
unit at a time can by processed.

This model made sense wher the uaemory was of a different techrology than the pr-- {
ceasor, for +xample, ferrite cores versus disorete transistors., Today, however, .
menuries and processors are made out of the same silicon. As svol, altsriatire arohi- '
tecturss are possible. With today's (VLSI' teohnclogy we now have the capability of )
providing one or more complets proc29sors with their own local mamory on the sasms ohip,

The term processing elewent (PE) is usad to refer Lo a processcr and its assoctatsd !
local memory. :

3.0 Nature of AI Coamputing

We onviaion tnat cand’'daste AI sysioms for aiding in the planning and exenution of :
air werfars and ground strike operatinns will incorporate knowledpe through rules and \
: data struotures. As a findamental activity, external inpuvts uill be :ucegrated with
ﬁ known dates to form an upgraded set o facts on which tc operate. These feots will ve

© e e oo —amre e

ugsed to draw irferensces whioh lead tn further updates to the soocumulating faota., All
qf this activity, 1f it is to be of any resl use, aust be acoumplished quiakly.

The production system ‘PS; formalise is widely used to model such systems. This
is boocause the PS model is reesctive to change sinou all data, iacluding new inputa froas
son;or readings and inferences, 1s considerod immediately for tue nex% system update
Gycie.

e

We present an overvier of the PS formalism. Then xe explain how traditional come
puter teonnology limits run time perfnarmance of this model. W¢ follow with an explana-
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tion of how speed up can be achieved by taking a forward look at possible next-
generation AI machine architectures for PS execution.

4.0 Production System Overview

A PS oconsista of three components:

rules, facts an¢ a rule interpretsr. The

rules are logical expresaions in the form: IF antacedent THEN conasequent. The
antecedent is of the furm AVAA2A...AAK where the Af (121,..,k) are the conditions under

which the rule will fire or become activated,

The consequent is of the fora

Ct VC2V...V cm where the CJ (j=1,...,m) are alternative oconclusions that the firing

of this rule leads to.
antecedent conjunction elements, Af and consequent disjunotive elemanis, CjJ.
interpreter is a three phase loop that reneats until the system is halted.

The facts are in the same form as the rule
The rule
The three

Oftentimes j=1.

phases are the match phase, selection phase and the aoticn phase.

As an example, suppose we have the rule IF (A/C IN COMMERCIAL AIRLANE)A (VELOCITY
1120 KM/HR) then (A/C IS POTENTIALLY NON COMMERCIAL) WV (CHECK VELOCITY ¢ENSOR), Here
we assume that commercial aircraft fly at velocities = 1120 KM/HR.

Suppose that we already know the faoct that A/C IN COMMERCIAL AIRLANE due to

prior monitoring.

At such time when the velooity increases to 1120 XM/HR or nore this

rule is able to fire.

4.1 PS initial load and execution cycle
The following flow diagram captures the startup and exeoution of a1 prodiction

system (7).

Sﬂ:RT
LOAD RULES
LOAD FACTS

EXECUTE INTERPRETER

sTOP

Execution of the rule interpreter consists of repeating ths loop illustrated in

Figure 2.

rﬂITCH_FHKB!:

corpare existing facts with antecedents oi ail
rules. Keep track of matching rulea.

MATCH™. NO
OCCURRED)) ———eeenm—fp terminate
?

}- YES

N

|§EEECPIGN FHARE: emleot oha matohirg rule acoording to some
‘ (confliet :rexvlution) polioy, e.g., FIFO

¥T fire the ruil by odding its conssquent elomAnt(s)
ro Yha raots and deleting (or markirg) ths
antecedent facts in this uviosen rule so it will
rot fire sgain infinitum (othervise mark the
rule in some way so it will not match with
th{: faut combination).

Figure 2 PS8 Rule Interpreter

4.2 P3 exsoution pe-formance in genersl

Fxperiencs bac shown that about 90f of the oumputing time in PS executior is spent
in the metch phass with che rest of the time diviced evenly between ihe conflict reso-
lution {seleaticn) pLase and the zotion phase (4).

Sinces the exesution is d(mi-

nated dy matcning, we will foous on the axecution of this phase in ihis oips:.

9-3
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4.3 Matohing von Neumsnn st

Suppose the PS has R rules and F faots. The match phase involves comparing the
: left hand sides of all rules to see if they match the surrent facta in working memory.
i Suppose the rules and facts are stored ss follows:

FALT 1

“¥OLE 1|
"NOLY 7]
RARE

s M

Figure 3 Rules and Facts in Memory

i To match rule I (1« I « R) would require the CPU issuing fetch instructions to bring
rule I into its processing reglaters, then fetohing faots until aither a match ocours

1 or all facts have been tried. We shall refer to this activity as match oycle. Since

) all rules are to be matched, R match cyocles are required during the match phase of each

| : production system execution cyole. Figure 4 illustrates the PS execution cycle

; from the serial viewpoint we are desoribing.

¢

| --9{match for RULE 1] -4+-+ -~p[matoh for RULE R] --p(confiict reaolution)——l
—— ACT

Figure 4 PS Execution (Serial Viewpoint)

In the above scheme, while the left hand side of the rule I is being matched, rules 1
through I-1 and rules I+1 through R are aitting idle. Either they have been processed
or are waiting their turn. Many enhancements have been implemented as an aide in
speeding up this process, namely, pre-fetch strategies, caching and pipelining., Even
to the degree of producing supercomputer levsl performance, what ramains is a bottle-~
neck where rule I is matohed before rule I+1,

What does this mean in terms of execution speed? Studies have shown rule firings
in the range of 1 every 3 seconds to about 60 firings per second (4, 6). If AI systems
are to be fiesldable they must be made faster.

l 4.4 Match phase parallelism - a generic view

Matching can be handled in parallel by dividing the rules into several partitions
and performing the match for each partition in parallel. An upper bound on this
E : would De to have the number of partitions equal to the number of rules in the system.
: H In this case the ratoch for each production in the system is done in parallel. System
execution can now be viewed as follows (4):

- match for

f . . . [confiict resolution ] --
]

’ B e ST T le--

Figure 5 PS8 Bxecution (Parallel Viewpoint)

' In the above design R rules would be matchsd on R prozessors. The best speed up
expected is a factor of R (2). 3Such a matohing scheme can be acoomplished using a
onntent addressabls menory.

5.0 dex. generavion maghine arschitectures

Using multiple PEs we are able to implement an associative memory in which we
simultaneously acoess the aontent of R memory >ocations in parcl.el. We can have R
PEa, each waiting for a signal from a oontroller PE to acocess their local memory. When
thrt aignhal 1is received they perforz an operaiion on their local RAM. Using this
sohcme we oanh have parallel matoh phase execution where the local operation performed
ls to matoh a rrle that is storad in the loocal RAM against fncts that are also
available locally.
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Ideally one oan realise a linear speed up in the match phase, and theredy achiave
a substantial increase in execution speed of the PS execution oyole (2).

Many schemes are possible for configuring sultiple PEs, and a great deal of
current research is devoted to finding suitable architectures for Al computing. We
present an overview of two candidate systems which we have chosen since they allow for
associative matching. As part of our overviev we shall show how the PS model maps onto
the urchitecturs. We shall follow with a view of two other multiprocessors, then coa-
pare and contrast the four,

6.0 DADO

DADO is a multiprocessor system under design and development at Columbia
University (7). The PEs are arranged based on a complete binary tres. The first
prototype, whioh has been operational since 1985, has 15 PEs, one per dinary tree node.
Each PE has 8-16K of local RAM. The next prototyo: will have 1023 nodes or PEs and
should be operational this year. Future plans oca.l for 100,000 PEa.

5.1 An_overview of the DADO machine arschitecture

Within DADO eanh FE can execute in either SIMD or MIMD mode. In SIMD mode the PE
executes instruotions which are brcadcast by some ancestor PE within the tree. This
mode, for example, would de used when loading information into the tree. In MIMD mode
each PE axecutes instructions stored in its own local RAM, This allows a PE and its
descendents to be disyonnected from the rest of the tree. In this way the tree can be
partitioned into logical proceases. The MIMD PE may broadocast instructions to be exe-
cuted by {ts own descendents provided they are in SIMD mode. This combination of
MIMD/SIMD supports the logical division of the machine into distinct partitions, each
executing a distinot task. The root node of the entire tree would be a conventional
progessor acting in MIMD mode (e.g., a VAX) which controls the operation of the
ensemble of PEs.

6.2 Production systems on DADO

6.2.1 Loading the system

Suppose there are R rules in the PS. Select the level in the tree having at least
R nodes (PEs). We refer to this level as the PM level (for Production Memory). Load
one rule per PM level PE so as to achieve maximum parallelism. As s result, each rule
can be matched simultaneously. At the same time load a copy of the matcher into the PM
level PE's local RAM. The PEs located below th: PM level are referred to as the WM
(for Working Memory). The WM level PEs will be loaded with facts. Since rules are
loaded first we can use their left hand sides to filter the racts ss they are broadcast
downward. In this way only relevant faocts are assocciated with each rule, The result of
the initial load ocan be visualized as follows:

AN

/’ \\ \‘
PN 1‘L_ove1 ROLE 74 .
I .

M Another ¥ACT F Another FACT
related related related related
to RULE 1 to RULE 1 to RULE R to RULE R
/N 7~ \ Y
P /' \ VAN AR

Figure § R rules and F facta on DADO
6.2.2 PS exeoution on DADQ

Once the system is loaded, the PS can go into its inferencing oycle. A new fact
is broadsast by the host (roots PE to the PM level PEs which are in SIMD mode. 1In loock
step thay switch over to MIMD mode and proceed to exeoute the mntuh phase-- all rules
have their left hand sides matohed in parallel. The time to perform the matching is
independent of the number >f rules. When the matohing phase is over, processors having
matching left hand sides will have flags raised. One rule i{s selected from among those
that matoh. This seleotion will be made according to a standard strategy, such as the
recent activity of the syatem. The facts on the right hand side will be passed up to
the host whioh will, in turn, broadcast them to the PM level PEs which are again in SIMD
mode. This process continues recursively.

P, skt ol
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6.2.3 Perforpance

In an ideal case where each PM level PE contains 1 rule as we have just desoribed,
we can realiss a linear speedup in match phase exeoution. In a system with R rules the
oonventional machine requires R matoh cycles, while this scheme requires 1.

7.0 ASPRO

Unliks DADO, whioh was designed with production systems in mind, Goodyear Aerospace
Corporation has found their ASPRO multiprocessor to be an existing machine.that is
highly suited to speed up of the match phase of PS execution (5).

T.1 An overvy ASPRO
It is 3asiest to think of ASPRO as an array of 2048 SIMD PEs sach having 8K bits

of loocal RAM and 3 registers X, Y and M. ASPRO 1s a Ditwise processor whers the bit
being processed is at the intersection of a bit column window and a bii row window.

|
l@--- bit column window

2x -. PROCESSOR I
WORDS 4 *- 1< 2048)

Y
L. bit row window

< 8K BITS » M X Y
Figure 7 ASPRO (Generaul View)
A row of bits, or some portion, is acoessed by advancing the bit aolumn window
while holding the bit row window fixed. A column of K bits is processed by fixing the

bit coluan while employing the corresponding K processors. Any of the 16 Boolean
operationa can be performed.

T.2 Production system implementation on ASPRO
In the following diacuasion we shall assume an F fact/R rule system,

T.2.1 PFaot base

The F distinot feots are e.ther known or are inferrable from right hand sides.
These are stored in a dictionary of F entries. The position of a faot places it in uni-
que correspondence with the natursl numbers 1 through F. As an example, consider the 4
faots which appeared in the rule we presented in Seotion 4.0. Figure 8 shows these
stored at locationa 1, 2, 15 and P in tha fact dictionary.

15 [A7C VELOCYTY = 1120 XH/7AK

Figure 8 ASPRO Faot Dictionary

The diotionary is stored in the processor memory.

7.2.2 Rule encoding (IF-part)

Any of the ¥ faocts may appear on the IF-side or THIN-side of any rule. An Fubit
map is suffiolent to encode each side of any rule. For example, suppose facts 15, 32
?ngll95 appear in the IF part of a rule (assuming F 3 495). This oen De encoded as
'ollows:

To obtain the sotual facts the system is regquireda to look up entries 15, 32
and 495 in the diationary.
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7.2.3 Rule layout in memory

The IF-parts are stored in an R word by F bit partiticn in memory. The firat word
acorresponds to the F-blit encoding of the IF-part of rule 1 and so on. The THEN-parts
are stored in a separate F by R block. Here the first F-bit column corresponds to the

THEN-part of rule 1 and 8o on.
In Figure 9 we show how the sample rule of Seotion 4.0 would appesr in the memory.

The F bits of the X register are used to keep frack of the ourrent facts in the
systen.

ENCODED
FACT DICTIONARY SENSOR INPUTS
710 1 [A7C IN COMNERCIAL ] 1 ]
2 1] AIRLANB 2
2
T THEN NON_COMMERCIAL o
0 | part .
*_ 15 [ X7C VELOCYTY _ 1120 )
P ZM/HR | 1F|la |
® | CHECK VEﬂOCITt
SENSOR
e F bits
(ons_per faat) || = |
IF parts I
R words R processors
RULE I [8] lg--0- 14~ - (one per ruls) one per
IF=-par 1 rule
Iﬂ_ Ll L
X Y

Figure 9 A sample rule on ASPRO

7.2.4 PS execution on ASPRO
Suppose ssnsor readings indicate that A/C IN COMMERCIAL AIRLANE. 1If nothing else
is known, this will be encoded as follows:

[ i< 0 )
12 F

These F bits are loaded into the X reglister and represent che initial state of the
current facts. This portion of the X register is matched against all rule IF parts.
In this case, the Ith rule does not match owing to bit 15,

Subsequent sensor reading may detect the additional fact that the A/C VELOCITY »
1120 KM/HR which is encoded as:

Ot -0 =
; 15 =4

Now the IF part of rule I will match. When the rule fires a pointer is follcwed to i
rule I's THEN-part. The F bit column vector used to encode the consequents ;
is added to the current facts in the X registar by perZorming an OR cperation. This 4
results in the following updated status of the current facts in the system:
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Four facts are now known, two were brought in by sensors and two were inferred as
a result. The inferenoing cycle continues recursively.

T.2.5 Performaice

i

Current facts stored in the X register can be matched againat the IF-parts of all
R rules in 1 amatch oycle. The first bit of all R rules 1s checked against the first
bit in the X register, then »ll second bits ars checked and so on through bit F., Again
we observe a parallel prozessor that is able to matun all R rules concurrently.

8.0 Butterfly

Bolt, Beranek and Newsan's (BBN) Butterfly is a MIMD multiprocessor where sach PE
has a full 32-bit processor and at least 256K bytes of local memory. As such, each PE
provides far more computing power than those¢ in either DADO or ASPRO. Currently the
Butterfly comes configured with 1 to 256 M68000 PEs which can be expanded to contain
from | MByte up to 4 MBytes of local RAM. Th~ memory is shared among all the PEs.

This ls(u?QOlpllshod by allowing any PE to reference ‘he local memory of another via a
switch (1),
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Figure 10 Butter?ly (Gencral View)

The Butterfly can simulate single processor von Neumann as wall as SIMD architeo-
tures, However, the assoclative watch schemes that wapped naturally onto DADO and
ASPRO would be lost here. Several rules would be distributed across the PEs when rules
outnumtar the PEs. Actually, having several rules psr PE might be aujtable. As AI
systems grow larger they are likely to be partitioned into subsystems themselves, con-
slsting of groups cf related rules. The related rules could be distrihuted across the
3utterf'y PEs. Thn shared mexory would providm a facility for ocommuniocations.
Unfortunately, there has noi been much work done at BBN or the suitability of the
Butterfly to the uxecution of Produution Systeas.

8.0 Connoction machineg

Thinking Machinus Incorporated has produced the Connection Maghine. Currently

. this is a 64K PE SIMD, softwars-reconfigursdle multiprocess system. BEach PE has K096
N bits of RAM. The associative match schemes of DADO or ASPRO are sach able to be mapped
R onto this i~chitecturs. So are multitudes c¢f other schen’s, since the PEs ars able to
ba logioally conneoted into whatever pattern best suits ths application. A PE can be
conneoted tr any other, at any time, by simply storing the adiress of the second in an
appropriate register in the first. The reconfiguration can occur at asysteam set up time
and dynanically at run time (3).
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! 10.0 Assessment
So far we have viewed four multiprocessors as potential pattern matches. We shall
now provide a broader assesament.

10.1 Poaitive gttridbutes

DADO

[ ] The tree architeoture partitions easily into logical processss and naturally
models the forward chaining PS formalisa.

°

Area wfficient construotion on a silicon chip oduples with the fact that
the numbe- of pin-outs remains oconstant no matter how densely proceasors

are embecded on the chip. Thia demonstratas a potential for full VLSI
implemvntation.
ASPRO
i ] A U.S. mil spec'd version now exists.
i
E ° The 2048 PE systea occupies 8"x10"x9.5" and weighs only 37 pounds.
1
! [ PS formalism maps onto SIMD architecture quite naturally.
' BUTTERFLY
. ° DADO 1 has been implemented using an 8-bit INTEL ochip; ASPRO has a 16-bit
prooessor available for procedural procesasing. Butterfly offers a con-
H siderable advantage since a 32-bit M68000 with at least 256 KBytes of RAM is
H available in each PE. If some numerical processing is also required local o
H PE activity the Butterfly is better equipped to handle it. An example of
) where this might ocour is when CHECK VELOCITY SENSOR is the result of a rule
3 firing. To accomplish this a FORTRAR subroutine might need to be executed
i locally.
.

The softwars for the Butterfly is more mature than that of the multiproo-
essors considered in this paper since BBN has been developing it over the
past 5 yeers while the others have only 1 or 2 years of investment.

CONNECTION MACHINE
[ This multiprocessor is dynamically reconfigurable. As such it provides a
very useful tool with which to study the different architecture topologies
most suited to various applications.

10.2 Negative attributes
DADO

[ There 1is a potential communjcations bottleneck at the top of the tree.

[ )] Each PM level PE must be synch:onized on every process, and many may be idle
walting for slowest PEs to finish.

° DADO is not mil spec’'d.

The PEs between the root PE and the PM level are used sparingly for communioca-
tions mainly. They are sitting idle during the match phase.

When the gpplication allows procedural intervention as part of the control
strategy, ASPRO would schadule its 16-bit sequential processor. When several
rulve iavolve procedure calls, a bottleneck would exist.

ASPRO would perform poovly anytime the systea has to be reloaded, as is the
cas2 when the number of rules exceeds the capacity of the system. Some rules
would e paged to disk, causing an apprecisble slowdown.

A factor that must be considered is the amount of time it takes to convert
raw signal data into encoGed form. This may be a serial task and the source
of another possible buttleneck.

BUTTERPLY

[} Butterfly is nct mil-specid.

Thers is currently no file system; system loading is a slow proceas.

Granularity may be too coarse for some systems.
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CONNECTION MACHINE

Its nowness .
Availabilty
Not mil spec'd

-

Progedural intervention would be handled on the host processcr und thun may
constitute a potential bottleneck.

11.0 More gopparisons

We shall now consider each multiprocessor with regard to availsbility, sujtability
to varfous inferenoing schemea, development tools, and host processor posaibilities,

DADO
) Host Proceasor - VAX 11/780
. ﬁ::gyLanguugo = Assembdly Linzulge. PL/M; PROLOG, LISP, OPS5, HERBAL are under
. Development Toola -~ Undetermined
. LISP Suitabfility - Under study
[} Inference Engine Suitability - Rule based system, logic prograsmming >
) Expandability - 15 processors DADO 1 since 1983; 1023 Processors DADO 2 end
of 1985; 100K processors proposed.
[} Physical Sige - DADO 1 is roughly the sise of an IBM-FC .
] Rule Capacity - small for DADO 1
o Availability - University Reasearchi Machine
ASPRO -
. Host Processor - PDP 11/34 (VAX 11/780 soon) ’
[} Host Languages - Assembly language/FORTRAN
L] Development Tools - none
[} LISP Suitability ~ Under development [
[] Inference Engine Suitability - Rule based system
[ Expandability - Capable of expansion beyond current 2K prooessors
[ Physical size - 8"x10"x9.5", 37 lbs.
. Rule Capacity -~ 2K rules
[} Availability - Currently available, flelded in an E2-C environment
BUTTERFLY
. Host Processor - VAX 11/780 or Sun workstation (Symbolios 3670 soon) ¢
[ Host Languages - C
° Jevelopmant Tools - Unix tools
. LISF Suitability - MultiLISP ourrently implement; major effort to port
parallel LISP
) Inference Engine Suitability - Undetermined
[} Expandability - 1-256 proaeasor nodes are po-alﬁlo
[ Physloal Size - Standard cabinet
° Rule Capscity - Undeterxined but larger than ASPRO
. Availability - Currently available

CONNECTION MACHINE

Hoat Processor - Syabollos 3670
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[ ] Host Language - CMLISP

. Development Tools - Symbolics environment

[} LISP Sufitability - Primary language

. Inference Engine - Various
"0 Expandability - 1-68K processors can be virtually configured

[ e Physiocal Sixs - Standard cabinat

‘ 0 Rule Capacity -~ 64K plus
° lgabllity - End of 1985 for 64K model

Conclusion r_ﬁf;__ﬂ_t_t_b:j fhey
'12\-H"ntvv pointed out several issues that shofild be considered as part of an eval-
uation of potential AI machine architectures. have then exemplified several activi-
ties of the advanced architecture community that focus on fmproving the run-tinme
perforpance of Al systems. One can conclude that when the architecture matches the
algorithm, the performance inorease is substantial over that of von Neumann arohi-
tectures. For example, when ASPRO is given an exact matoh forward chaining production
system to exscute, the performance increase iz linear over von Neumann. If that same
machine architecture were presented many procedure calls during exeoution, performance
would cegenerate to that of a sequential architecturs.)

jiania titinlbitct p

Real-time AI system designers should aldress the issue of matching their
algorithms to machine architectures from the beginning of the system development pro-
cess. The higher the real-time performance requirements become, the more oriticsl this
ongoing evaluaticn becomes. ?‘
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NEW TECHNOLOGY IMPACTS ON FUTURE AVIONICS ARCHITECTURES i
|

Riochard S. Nogxlk
(CODE 20P3
Naval Air Development Center
Warminster, Pesnsylv-nxl 18974
SA

SUMMARY

i

This paper provides an Iinterpretation of uvionics architecture with respect to
system ocomponents, organisation, and design fuotors. Initially, general avionics
architeoture ocharacteristics are addressed followea by discussions on emerging new
technologies and their impact on advanced aysteams. Information hanrndling requirements
are projected for future taotical afroraft. In addition, advanced avionics architec-
ture design conaideration and technical issues are addressed relative to achieving
improved performance, reliability, survivability, flexibility and low life oycle cost.

G

ARCHITECTURE -~ AN INYTERPRETATION
Although the term

A
"architecture®™ {is subject to interpretation, it generally
applies to system design characteristics such as implementation, structure, organiza-
tion, and performance. This implies the dosign of specific building blocks, the inter-
connection of building blocks, and the dynamioc interactions and managesment of building
bloocks which control the behavior of a systea.
As related to avioniocs, a system consists of the combined electrical, 2lasctronic,
and physical integration of those on-board subsystems required to perform the opera-
tional functions of the stated mission of the aircraft.! Figure 1 deplots a simplified
diagram of a typiocal avionios suite consisting of three major subsystems interconnected
by means of a communications network to fora an architecture. A sensor suite generally N
consists of equipment that enables external information (e.g., navigation, coa-
munications) to be acquired for uss by the system. A processing subsystem provides the {
necessary mission processing, coordination,and information distribution functions, A
displays and controls subsystem provides the vital 1i{7- between the opsrators and the
systenm.
N b
.
)
COMMUNICATIONS
e TOPOLOGY
(~———° =~ =1 o POINT TO POINT - B
| e BUS |
: e INTERFACE UNITS |
| T | b
i ! l
1 1 ]
SENSOR SUITE PROCESSING SUBSYSTEM |
NAVIGATION PROCESSORS DISPLAY SURFACES
COMMUNICATION MEMORIES B DISPLAY PROCESSORS
FLIGHT CONTROLS - PRIMARY ]
WEAPONS - SECONDARY ]
RADAR SOFTWARE
]
Figure 1. Simplified Avionios Model
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Theruv are numerous ways of oonfiguring an avionios ayatem where a particular
architeoture results from varicus design and programmatioc oconaiderations and
constrafints. Thia implies that all aystem design odjeotives must be optimized to the
degree possible within these constraints,

To illustrate some of the practiocal aspects aassociated with the design of an
avionios system, consider the alternatives involved with the progsessing subsysteam in
Pigure 1. The major considerations to be addressed are shown in Figure 2,

PROCESSING SUBSYSTE
ARCHITECTURE

[
PROCESSING 0PTIONY fINTERCONNECTION OPTIONY]  FacToRs |

- o 1Ty
. INTERFACE CONPATABILI
EENTRALIZED| PISTRIBUTED| - Bus| |- PARTITIONING/CONTROL
— - GROWTH/TECHNOLOGY

| 1 AVATLABILITY/ INSERT 10N

SINGLE Egm L RELIABILITY
[ SURVIVABILITY

[~ STANDARDS

—~ COMMONALITY

—~ WEIGHT/POWER/VOLUME
—~ COST/SCHEDULE/RISK

REDUNDANT

DEDICATED OOPERATIVI

UNCTIONA
HYBRID

[ GLOBAL ] [PARTITIONED

figure 2. Design Considerations/Trale-0ffs

Processing Options

There are several general approaches that can be oconsidared for avionics pro-
cessing. The traditional approach is centralized processing. This ilmplies that all
processing functions reside within a single processing element. Alternatively, for
increased reliability, a back-up or redundant processor ocould also be pruvided in the
event the primary processor fails and is typically referred to as tha dual redundant
approach. Howsver, dual redundancy is still a centralized approach since the pro-
cessors are identical both in hardware and in asoftware. For this approach to be
viable, proviaions must be made for detecting. confirming, and recovering from a pro-
cessor faliure. Other variations of the ocentralized approach to incorporate higher
degrees of reliability can be referred to as N-redundant processing.

Another approach that is currently gaining impetus is distributed processing. The
objective of this approach is to find methods of improving performance by creating
systems which exploit parallel, concurrent, or simultaneous exscution of tasks by using
multiple processing elements. There gare many olaimed potsntial benefits of this
approach which include improved performance, reliability and expandabdility. One of the
probleas, however, 1is that thers are currently no uniforam interpretations or standard
approaches to applying distributed processing in general, let alone in ths military.
One way of viewing the variations in distributed processing is by specifioc methods of
application which 1inolude dediceted, funotional, and cooperative. Dedicated implies
that a procassor is specifically assooiated with or dedicated to a particular equipment
or system function. Punctional {mplies that system functions are grouped or par-
titioned in a manner that these groups ars assigned to specific processors. Coopera-
tive {mplies that several processors ocllectively or cooperatively perform the
necessary procesaing funoctions.

B N YU "3 PPN
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Interconnoation Optiona

Figure 2 characterizes the basio types of interconnection options available for
connecting avionios system elements. Point-to~point connections are employed for
directly connecting equipment- by means of dedicated links. These could be either
parallel o« serial. Since noint-to-point oconnections tend to increase wiring
complexity as well as asverload processor I/0 channels, systems are converting to bus
oriented architectures. However, systems typloally are never osapletely bus oriented
and require certain selected polint-to-point connections. The reason for this is that
for certain critical functions, where bus latency is intolerable, a direct connection
may be required. Anothsr reason is that interface changes to existing equipuent to
acoommodate the bus may be cost prohibitive. Bus bandwidth limitation is also a fac-
tor. Consequently, what usually results is a hybrid consisting of both bus and
selected point-to-point connections.

From an aichitectural point of view, bus organization could be either global or
partitioned. As3uming the 1553B philosophy of using a redundant pair, a global bus
implies a single path is provided for communicating with all assoclated resources.
Redundancy could also be provided as back-up by adding another pair of busses, where a
global or partitioned scheme could be employed.

Another approach tinat could be used is referred to as partitioned global busses.
This implies that several bus pairs could be provided for simultaneous or concurrent
use 30 that collectively a higher bus bandwidth could be achieved. For example, if two
15538 bus pairs at 1 MHz each are amployed, the combined bandwidth would approach 2
MKz. This approach requires that the sysatem equipment be functionally partitioned so
that the bus traffic 1s proportionately distributed, Schemes could also be devised
such that the loss of either bus pair would not result in a system failure by
appropriate equipment distribution on the busses.

Othor Fuctors

Other factors that Influence the design of a processing subaystem architecture are
shown in Figure 2. They are typical of any military system and are both technicel and
non-technical in nature. This implies that trade-offs are constantly being ma:e to

optimize and balance a design to the degree possible within the constraints of a par-
vilcular program.

ADVANCED AVIOKICS

Estimates for future tactical aircraft indicate the need for at least an order of
megnitude increase in avionies integration when compared to present systems. Countering
threats in a dense ¢laectronic countermeasures and a night/adverse weather environment
imposes difficult real-time constraints to accurately represent oconstantly changing
situstions., Future tastical aircraft will be required to handle an abundance of infor-
mation from multiple 2ensors and automatically initiate action and/or present the crew
with reliable decision aidx that permit action to be Initiated without assessing
multiple independent information sources. This implies that an integrated avionios
system will be required to process and transfer massive amounts of data from on-board
and remote sensors at very high speeds as well as integrats navigation, communications,
weapons, flight c¢ontrols, -nd other functions to provide a high degree of aystem
synergism.

Requirements

Based on estimates emerging from industry and government for future tactical
alrcraft, a quantitative information hLandling requirements model was developed and is
provided in Figure 3. Referring to Figure 3, information handling is concerned with
the flow and processing of data/information between the sensors and the displays and
controla. Data rates between the pre-processors and signal processors are astimated to
range from 20G tc 500 mega-bits per second per channel and the data rates between the
signal processors and data processors ars collectively estimated to range between 100
and 200 mega-bits per second. Thess data rates are considered to be asscciated with
the sensor distribution network portion of an avionic sysiem. The data distribution
network portion of the system (which connects the data processors to mission/aircrart
subsystems, mass memories, and d{splays and controls) 1is estimated to range between 50
and 100 mega-bits per second. Total signal processing r-quirements are es imated at 10
x 109 operations per second while the capability of an advanced signal processor is
projected to he on the order of 109 operations per second. Total data procesaing
requirements are estimated at 50 x 106 operations per sacond while the gapnbillty cf an
advanced data processor is projeclted to be on the order of 2 to 5 x 10° operations per
second. Other requirements include significant improvements in reliability as weil as
data fusion capability to optimize the use of all sensor information to enable the
pilot to make rapid and accurate decisions.
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Figure 3. Advanced Information Handling Requirements Model

New Technologies and Concepts

Performance requirements indlcate the need for sigral and data processors using
VHSIC technology speeds. In addition, the magnitude of processing required implies the
need for multiple processors which will employ distributed processing and networking
concepts. The high data rates required indicate the need for high speed fiber optic
bussing as well as sensor and data distribution networking schemes. Achieving high
reliability will require effective fauit tulerance aoncepts ooupled witin high reliabi-
lity VHSIC components. .

Data fusion is a key that is required to optimize the use of available sensor
information. However, fusion processing has difficult real time constraints both in
the time in which to perform the required processing and required time response to
rapldily developing situations. Performance could be increased by the uss of artificial
intelligence (AI) to provide additional tactical decision aiding functions. However,
the incorporation of Al will require a vast, tailored knowledge decision tree operating
in a real time environment. The use of data fusion and AI also implies the need for
;lgnlrioant ircreases in memory storage capability, both on the primary and secondary

evuls,

Table 1 provides a summary of avionic system architecture goals and objectives and
the means or technology needs for achieving these goals.
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Table 1. Technolngy Needs

GOAL NEANS
PERFONRANCE o HIGH DATA RATES ® VHSIC PROCESSORS: 5-10X SPEED
o HiGH PROCESSOR @ FIBER OPTIC BUSSES: 50-100X BANDWIDTH
i ® SENSOR FUSION/AL/INTEGRATION
EASE TECHNOLOGY o DISTRIBUTED PROCESSING- INCREMENTAL EXPANSION
INSERT JOM o STANDARD BUSSES/INTERFACES
o FLEXIBLE/STAMOARD ARCHITECTURE
INERASTRUCTIRE
FLEET READINESS SNCREASED RELIABILITY/ [o FAULT TOLERANCE
MAINTALNARILITY/ 0 VHSIC: BUILT-1N-TEST/REDUNDANCY
AVAILABILITY/ 9 NETWORK | NG/RECONF JGURAT I1ON
SURVIVABILITY o FIBER OPTICS: EMI/EMP
LIF CYCLE CUSTS MAXIMUM HARDWARE/ 9 COMMON MODULE SET (40-50 MAX)
SOFTWARE COMMONALITY s ADA SOFTWARE
@ ARCHITECTURE STANDANJS - NETWORKS/BUSSES/
INTERFACES
DE CREASED o VHSIC: 1/5-1/10 CURRENT TTCHMOLOGY
W IGHT /VOLUME/ o INTEGRATED PACKAGING
POMER ® RESOURCE SHARING
FOSTER o COMMON MODILE SET
COMPET *  ARCHITECTURE STANDARDS
frio o INTEGRATED PACKAGING

Technical Issues

The choice of architecture will depend on the availability and maturity of key
technologies and concepts as well as their ability to co-exist in a system environment.
Issues regarding VRSIC and fiber optic technology include interoperability, insertion,
and interfacing as well as their ability to support selected system topologies and con-
cepts. Issues concerning distributed processing and networking include partitioning,
communications, and control strategiles. Issues concerning fault tolerance include
techniques for fault detection, containment, isolation, and recovery. Issues con-
cerning sensor fusion and Al include system integration requirements as well as addi-
tional information handling functions ard resources,

Architectural Impacts

The evolution of avionies srohitectures, as a function of time, is depicted in
Figure 4. Earlier systems employed single 1553 bus architectures which are growth
limiting and subject to potential single points of failure. Newer systems as well as
updated systems, employing curreut technology, are exhlbiiing the u3e of multiple 1553
busses as well as multiple processors. In general, the use of multiple busses and pro-
cessors would tend to increase bandwidth as well as reconfiguration alternatives.

In the longer term, future systems will employ the advanced technologies and con-
qepts previously discussed and shown in Figure 4., There ars numerous approaches for
incorporating these technologies and concepts into an avionics architecture. Possible
{mplementations could range from multiple bus to total switoch networks or some oom-
bination of these and other topologies. As shown in Figure 2, since the selection of
an optimum architecture is subject to many factors and trade-offs, an architecture
developuent model is provided in Figure 5 to facilitate analyses. This would enable
the allocation of functional parameters, information flow, and the selection of
appropriate coupling mechanisms.
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Figure 4. Avionios Architecture Evolution

To illustrate » possible implementation «f an advanced architecturs, consider the
sensor diztribution ani data distribution natwork partitioning as shown in Figure 5. If
the coupling mechanism conneoting the si+nal proceasors were poini-to-point fiber optic
buxser and a orossbar swiich, tner a resource sharing concsot could be ewpioyed. By
using a pool of signal processors rather than dedicating them to each sensor would
snable the use of redundancy. This approach could provide a worst ceae aignal pro-
cessor to be spar~d for incorporating reconfiguration. Point-to~point bussing {s
required because of the high data rates (200-500 MBPS/channel) shown in Figure 3 whiie
the crossbar switch would permit any sensor to be doanected to any signal processor.

The sensor distribution network could connect to the data distribution network via
a multi-~drep, Darty-line, 50-100 NHz, jual redundant hus, Current. oonoepis for I—cor-
poratiuy « multi-port fiberoptic bus 1s by the use of star oouplers. It is envisionad
thet nultiple/distributed data processors, mission/aircraft subsystews, displays asnd
controls, and possibly Al subsystema would communicate via t 13 bussing coafiguration.

Further {nformation regerding avionic computer architrcture and alternstive topo-
lngine {8 provided in Referenac 2. Asseusment feactors that can be anplied to qualfita-
tively evaluating alternative architsotures are provided in Referance 3.
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Figure 5. Architecture Development Model

CONCLUSIONS

Architac*ure implies structuring, organizing, and managing ouilding blooks to
achieve a required level of system perforiance. Avionics architecture building blocks
inolude sensor, processirg, display and control, and communication components. The
dasign of an avionics arcnitecture requires balancing and trading many faotors.

Advanced avionics will require the use of new technologies and concepts. These
include integration, sensor fusion, resource sharing, AI, VHSIC processors, fiber ontic
busses, distributed processing, networking, and fault tolerance. Issues to be
addressed regarding these technologles and concepts include their availability, inser-
tion, interfacing, and interoperability. Architecture impacts include sensor and data
distribution network topologies as well as ocontrol schemes to manage and optimize
resource sharing, distributed processing, and fault *tolerance concepts. In addition, a
atandard/flexible infrastructure should be provided to enable ease of future technology
insertion and opiimize multi-platform/service applicability.
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THE DIGITAL COLOUR MAP
SIMPLIFIES GROUND ATTACK OPERATIONS

David W Husaey
GEC Avionics Limited
Guidance Systems Division
Airport Works Rochester
Kent MEl 2XX
England

SUMMARY

')A pilot flying low and fast needs to knov whare he is all the time. He neuds to
know the nature of the local terrain and his actual track. He needs help in identifying
waypoints, threats, and targets. He needs all this and wore without distracting him
from his attention to the safety of the aircraft and the overall demands of the mission.

The ideal way to provide this information is as a continuous colour map, orientated
track up, with all associated information overlayed. It must also be usable by day and
by night. No currently available equipment can achieve all these aims satisfactorily,
other than a digital colour map generator providing video to a multifunction colour CRT

display. Such an equipment has been developed by GEC Avionics and succeasfully flight
tested.

Interest is now focussing on increasing the benefits that accrue from the use of the
equipment in helicopter and fixed wing aircraft, in training, operationally, and as an
aid to mission planning. The ease with which the digital map database can be updated
and overlayed is a factor. It is as useful during mission planning as it is to the
pilot in the air. This paper considers how such a computer aid might be used and
identifies some of the increases in effectiveness that follow. I

S

INTRODUCTION

Most modern aircraft designs configured principally for air-to-grovnd roles have
recognised the importance of topographical information to the pilot by providing a
projected map display in a prominent position in the cockpit. Examples are: Jaguar, A-7,
Harrier, F-18 and IDS Tornado. All such systems to date have used electro-mechanical
techniques to project an image of the map around the aircraft's present position from
charts stored on optical film. The intention of providing the pilot with an automatic
means of maintaining an awareneas of his position and track in relation to the
sr:rrounding terrain and points of interest has only partially succeeded. Shortcomings,
in no particular order of importance are:

(i) The dedicated map display occupies prime instrument panel real estate which
cannot be shared with other sensors/functions;

(ii) It employs electru-wechanical technology which tends to be unreliable and
requires maintenance skills which are becoming less and less available;

(1ii) There is no provision for annotation of the map data with related mission
information such as route plan, targets, threat duta or other intelligence
unless, as in some designs, radar or missjion overlay symbols from a monochrome
CRT are introduced via a beam splittar in the optical path. The complexity of
such a technique in the confined mpace of a cockpit instrument panel can only
aggravate the lack of reliability without adequately satisfying operational
needs. Nevertheless, it is an approach which has benefited from great ingenuity.

Today however other technologies are available which make alternative solutions
much more attractive;

(iv) The use cf optical film as the map storage medium leads to a considerahle
reduction in operational flexibility. Despite the provision of spools covering
different operational areas, it is very difficult to ensure the availsbility of
the right combination of scales of the required geographic areas. For example,
it is not normally possible to predict in advance those target areas which might
be required for future missions at large scale (1 in 50,000 or 1 in 100,000 and
conveniently the same as those used by friendly ground troops). The spools
generally contain smaller scales (1 in 500,000 or 1 in 1,000,000), with a large
enough area to cater for as many potential missions as possible;
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(v) The inflexible nature of the film storage medium leads to other problems. The
long supply cycle ensures that information is out of date at issue and is
unlikely to be updated at a greater frequancy than twice a year. To ccmpensate
for this pilots usually f£ly with additional papor maps, involvirg just the tasks
considered \to be unacceptable in the high speed low level environment and which
the moving map is intended to avoid, The pilot has to carry paper maps for the
larger scales with the greater detail and also the smaller scale paper maps with
greater coverage marked up by hand with the latest chart amendments (CALF).
These paper maps are used to fulfil primary functions. Only if they were carried
as & last ditch alternative against the possibility of an equipment failure could
they be justified;

(vi) Plying close ro ground, particularly at night or in adverse wsather, requires
close to 100 per cent head up concentration. Head down glances shculd be
restricted. Satety is bound to be affected if head down scans take more than a
fraction of a second to complete. Examples of map generated delays and
distractions are north/south transitions from one optical film strip to the next,
manual selection of scale changes, or map slew/look ahsad which can‘-all take
sevoral seconis to complete. 1In his hostile high workload environment the pilot
nesds an instantaneous reaction to a command. Waiting for a response could be
disastrous. (This consideration applies to other relatively slow access storage
media too, e.g. optical disk, but not to random access semiconductor memory);:

(vii) The reguirements of night vision and compatibility with night vision goggles can
not be totally satisfied by the introduction of optical filters or the control of
display brightness. Greater flexibility in the control of individual map colours
is neceasary to reduce the general brightness of light coloured map background
without losing the colour contrast necessary to pick out the information in the
sap. Significant light reflections around the cockpit at night are to be
avoided;

(viii) Any techniques used to mix map and overlay information after subjecting each path
to disimilar error sources is bound to degrade registration accuracy. Perfect
registration can only be achieved by encoding both sets of information at sourcs
in a digital database;

(ix) An optical film allows no flexibility to provide desirable display facilities
such as an electronic “soom® or the ability tc declutter unwanted i. formation
from the display;

(x) Optical film storage does not permit integration with the digital terrain
databases likely to be required by other systems in the future. Two torms of
databasc would need to be carried and be maintained. There would be no
possibili:y of intraducing some of the exciting new concepts intc the map
display, such as terrain avoidance or threat displays: it merely reproduces an
image of the standard chart.

While I have listed a number of inadequacies in current projected map systems, there
is no doubt that they have been well received by pilots. They have provided the
essential direct link between the navigation sy:ctoms computed present position
co~ordinates and the pilot's appreciation of his relationship with the outside world.

No longer should he need to identify his position and track on a paper map folded (or
unfolded) in the confined space of his cockpit while simultaneously trying to avoid
hazards and complete his mission, Automated map displays are potentially a major
contributor to flight safety. One might have averted the mid air collision between a
Harrier and a Starfighter ir 1985, reference 1, and there are no doubt many more cases
to suppcrt the argument. However, much more is now possible using current technologies.
The ten criticisms of projected maps outlined above can all be overccme with the latest
Digital Colour Map built by GEC Avionics. 1Indeed the map's value extends beyond the
dedicated Ground Attack roles into those of Air Defence.

TECHNOLOGY OPTIONS

A general overview of the development of technologies from the eurliest Projected
Map Displays is given in Table 1. By the 19708 operators wers awvare of some of the
shortcomings of these dedicated displays. They were unable to annotate charts by hand
as they used to with paper maps and a need to provide radar updates of the navigation
system by map matching was identified as a useful supplement to visual updates. At
their best however, combined map and CRT displays designed to satisfy such requirements
suffer from the majority of the problems alceady identified snd in addition offer
i:lorlor resolution. A satisfactory solution had to await the 1980s and the development
of:

o high performance colour CRT displays
o high capacity digital storage media

—
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,‘ Table 1 Map Technology Progression
:
. ' 13608 19708 19808
j source Film Film oigital {
' Data Database :
L
: ! Irage Electro- Electro- All §
: Generation mechanically mechanical Blectronic i
: ! Driven + monochrome t
. | CRT for i
! Radar/Symbol N
; Overlay %
{ Inage optical tical Multifunction H
i Presentation Projection Mixing & Colour H
; Projection Display M
b
| Examples Jaguar Tornado AvV-8B :
i A-7 F-18
! Harrier i

The relatively recent but long anticipated cemonstration of high brightness high N
resolution rugged shadowmask CRTs has met the need for truly multifunction cockpit *
colour displays. It is now c.:tirely practicable to provide a relatively low camplexity
display, capable on the one Land of a high quality remotely generated colour map image
and, on the other, of a FLIR picture with a resolution equivalent to that achievable on
a monochrome display. The use of colour to highlight FLIR detected targets is a topic
not yet fully explored. 1In the wings there remains the future possibility of even
greater performance from the now emergent beam indexed CRT technology, slightly
optimisticelly predicted for the early 19808 in raference 2.

The second technology development relates to the strides made in digital mass
mamories. Zarlier magnetic media all suffersd from physical size, environmental
constraints or access time limjitations. Only recently have optical disk and
sericonductor memories been developed sufficiently to be considered practical options.
Even today some doubts must remain with regard to the ability of an optical disk to meet
full military environments bearing in mind the necessity of maintaining read head track
and focus with a greater precision than the wave length of the laser light used. i
dowever, considerable effort is now being applied in these areas which should ultimately -
offer the potential of several hundred megabytes of memory in a relatively compact
package. Other developments of the disk itself may permit the use of an erasable media

instead of current “write once® tochnology. Even optical disk drives cannot fully meet
map requirements for instantaneous access.

{

Long access times are not a problem which randomly addressed semiconductor memories
suffer from. Requirements for large cepacity memories of this sort have driven the
technology to exceptional increases in bit densities, One megabit UV erasable EPROM
chips ave available today with 4 megabit devices promised in the future.

The development of efficient data compression algorithms has given greater map area
coverages using more restricted memory capacitiea. Actual compression ratios achieved
vary with the map content. but sufficlent work has now been done to confidently predict
achievable values. Tais has led to relatively economic map memory designs using EPROM
tachnology with no attendant doubts about environmental soundness.

An intermediate technology not discussed so far uses the older optical film storage
technigue and converts the image to an analogue video signal for remote display on a
colaur CRT. While obviously denefiting from the uee of a multifunction cockpit display
and preserving the use of existing film databace support systems, this hybrid approach
founders by preserving most of ths inadequacies of the curreat projected map systems
listed zbove. It is unlikely to find a role in the face of competition from digital map

generating systems in the future, nor can it benefit from the exiating and emerging
digitzl databases.
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THE DIGITAL COLOUR MAP

The GEC Avionius Digital Colour Mep has hbeen described before, reference 3. This
discussion will therefore be limited to an outline description, identifying key features
of the latest design configuration.

Barlier versions have been flying in a Royal Aircraft Establishment Wessex
helicopter since October 1984 and have since been delivered to support a US simulator
srogramme, Equipments of this class will also be delivered for an RAE Lynx helicopter
prograame and the British Army Phoenix UMA where it will be a koy feature of the Ground
Staiion. Pixed wing flight trials are expected to begin soon in the RAE Hunter anu a US
Navy A-6. In all cases the digital database has been prepared in-house using, in some
cases, subcontract map digitisation. An enthusiastic response from the pilot community
has been received.

rigure 1 shows a simplified block diagram of the Digital Colour Map. A key feature
i3 the partitioning of the database memo.y into two categories: that which changes
infrequently but is required in very largw quantities; and that which is changed from
mission to mission but of which there is conveniently less:

(i) EPROM data, consiating of large areas at several scales of compressed map data
formatted as small individual “tiles"., This data would normally be changed only
in the event o. out of area opsration o. when the map is subject to its
relatively infrequent but regular update requirements. The tiles can either be
composite or be subdivided into feature plane layers to facilitate the declutter
function and to allow DLMS DTED (Digital Land Mass Survey, Digital Terrain
Elevation Data) to be introduced in place of contours/elevation shading.

EEPROM
MISSION
DATA DATA —» RGB
[DECOMPRESSION SCENE » VIOEO
*1 memory OUTPUT
DECLUTTER = MONO
EPROM ; _
M2.P
DATA
\ 1
15638
MULTIPLEX CPU BIT
5 DATABUS

Fig. 1 Digital Colour Map

The DTED gives the flexibility to reproduce contour lines or provide alternztive
displays for terrain avoidance, threat avoidance, radar shadowing, etc. Although
EPROMS require UV exposure for erasure, they currently provide the most economic
form of non-volatile semiconductor memory.

(11) EEPROM data, consisting of mission specific data. It is normally inserted as a
cartridge but can be loaded in situ from an external port and a grouné support
bus. The data is generully formatted in the same way as the EPROM map data and
is indexed to provide exact correspondence. Typical data are the limited area
largs scale maps which can only be identifivd at target briefing prior to the
mission, targets, waypoints, routes, known thréats, FEBA, *LOT, or the
aeronautical overlays which change so frequently in peace time. Although more
convenient to use than EPROM, EEPROM at this time provides about a quarter of the
density at four time the price per bit. It would not currently be econcmic to
use this wmedia for the whole memory.

The microprocessor based CPU is controlled by software resident in non-volatile
memory in the CPU card, It controls the data flow from tho databases according to
commands received over the multiplexed data bus. It calculates the map areas required
to update the scenc memory and initiates transfer of this data plus any overlay to the
Decompression card. The data is then reformatted into the expanded pixelised torm
required by the scene memory. Part of this reformatting involves selection/deselection
of overiay/map layers according to the level of declutter selected by the operator. The
srea maintained within the scene msmory is in a North-up format, and from this the area
to be displayed is accessed with the appropriate orientation and present position. The
size and rate of update of this sture is sufficient to allow smooth rotation and
scrolling of the display with no discernible breaks in the mag picture,
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The colour palettes on the Video Output card further condition the data by asaigning
the Multipiex Data Bus.

wWhile the block diagram outlines the functions necessary to produce An image of a
conventional map, some additional facilities are required to wmake full use of the DTED
data, or to intorface the datrabase with other user syscenms. The abllity to interface a :
larce capacity optical disk drive uystem in place of the EPROM memdry is a feature of
the deaign.

Typital map imagum are shown {n Figures 2 and 3, but of course in monochrome in this :
reproduction. N

Operational mxdes aze:

o Switch-on/Standby

© Normal {
> Slew

o Teat 3

During Standby, initialising opercatinns including self test are carried out
automatically. The processor then interrogates the database and indicates the
geographic coverage and scale on the cockpit display.

puring Normal, the map automatically aligns to present positionr which is centred in
the display scresn in the Nortu-up moGe or offset in Track/Heading-up modes to provide
increased "look-ahead". Typical functions include:

o Map orientation - North, Track or Heading-up

o Scale selection

o Zoom - continuous to 2:1

o Mission overlay

o Declutter

o Look-ahzad - to selected waypoint/target
O Mark or Regress - to identify points of interest

o0 Colour Palette Selection ~ day/night

In the Slew mode, the map may be offset under manual control to provide a visual fix
update of thu navigation system., This feature may also be used to review map areas away
from present position as an alternative to the Look-ahead function.

In the Test mode, normal operation is interrupted and an easily interpreted test
pattern is presented to the operutor.

The Digital Map is typically 3/4 ATR short size and diasipates 150 watts.

DIGITAL DATABASE

Although thers are several databases available internatiocnally, coverage is
incomplete. There are plans in both the US and UK to establish stancard digital
databases for cultural information, becoming available from the early 1990s. In the : q
interim electronic maps must make use of existing material.

o 4

GEC Avionics have experience of using several ditferent sources, They include:
o Digitisation of paper charts

o Digitisation of individual ink/feature planes which are used by the printers as
source material :

o Use of UK PACR vector data
Use nf DLMS DTED
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Fig. 2 Digitised Map (50,000:1 Scale) Displayed at Zoom Factor 1.0 .
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The blending together of these sources has been demonatrated successfully. Figure ¢
outlines a general scheme reflecting the tasks to produce map data in an efficisnt form
for loading into the aircraft. National aapping agencies would normally provide the top
tier of source data to un agreed standard. A cventral facility would most probably aslso
be involved in producing cumpressed tile data in a format suitable for downloading to
the aircraft. The only facility sssential to the local base is a memory system to hold
the above &xtensive compressed data and the ability to select a subset for particular
aircraft and download this into EPROM or EEPRON. This facility wight most usefully be
linked to a multiple Mission Planning facility, networked to a similar work station for
the intelligence officer's use.

ooy | [ once e B
AL
FACLITY _‘ DATABASE DATARASE DATABASE
oneER
rovieay

MANUAL
M eron-a(moe) (oo oo

[7 MXEL DATABASE 4]

Fij. 4 Comprehensive Map Digitisation Scheme
MISSION PLANNING

A key feature of the map is its use during mission planning, allowing complete
missions to be developed and “flown througr®™ on the ground using the same information
that is available in the air. Targets or waypoints can be icentified and verified on
the map before loading into the system, as can relevant intelligence data. The mission
planning process can take over a multitude of processing tasks currently carried uut
manually or in a fragmented manner. Fig. 5 shows such a simple user friendly facllity.
Other capabilities could be straightforwardly added, such as a printer for a permanent
record, a video frame snatching facility to allow IR reconnaissance pictures to be
viewed, selected and loaded into the mission database if required.
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The Mission Planning Station can also be used for debriefing., On reloading the
EEPROM cartridge, informaticn reccrded in flight can be re-ryn, including possibly
mark/regress points, new threats identified during a mission, and many other features.
It would also be straightforward to record the actual route flown and compare this with
the intended one. Actual time over the target could be compared with that planned.
Although potencially valuable for training purposes, such a facility is likely to “e as
popular with pilots as the tacograph is with truck drivers,

A very important capability of the Mission Planner is the provision of absolutely
up-to-date CALF data as an overlay on the electronic map. It also enables the required
large scale map patches to te carried as an aid to IP and target identification. Both
of these facilities should ensure the pilot does not need to use any paper maps under
normal conditions., He would only carry them for use in the event of an equipment
failure when he could expect some reduction in operational capability.
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Fig. 5 Mission Planning Station

CONCLUSION B
Y 2 U

Digital Colour Map technology is with us today, Technical risks have been
eliminated. The Mapping Agencies are now advancing their plans for cultural database
systeums of the future. Very sigaificant benefits to the low flying helicopter and fast
jet pilot are in the offing. Some of these benefits will also aid the #ir defence pilot
where knowledge of terrain aud situation awvarsness is also a factor. Integration of the
map with other terrain referenced functions is planned, sharing the dat.base overhead.

some of these future development are discussed in a paper by Mr L Busbridge later in the
symposium.
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ANSTRACT
The proposad aission planning station described in this paper i{s a result of a Navel Weapons Center k
discretionary funded study performed in conjunction with the av-88 Program Office in 1985. Tha approach E
describad draws heavily on the development and deiloyment of digital map techtiology for use on modern x
actack aircraft. The characteristics of the digital map are derived from a draft product specification ¢
currently beidg prepared for submission to “he Defense Mapping Agency (DMA), and the AV-8B requirsments =
document for a digital msp capability. The envisioned Jigital map would utilize optical disk storage i
for the map, and additional solid atate storage for the annotation genarated by the planning stgtion. i
The aission planning station is shown in three configurations ranging from a baseline capabilicy (which 3
may aven be appropriste for an individual afcvcraft), up to a fully cspable station capable of inter- &
acting with olher digital data bases and even gensrating fts own optical disk. A ».}
¥

W

The critical difference in this proposed aission planning station approach is the digital map cap-
ability envisioned for future ativcraft. In order to put the impact of the digital map capability into
better perspective, a brief discussion of this technology is warranted. For all versions of digital asp
a navigation computer interfaced tc an f{nertial navigation unit (INU) is assumed. No speciflc {mple-
mentation will be described, but instead a generic digital map will be described. For a more complete
discussion of this tople, see refereace (1).

Navigation for pilots has been in a state of slow evolution ever since the Wright Brothers could fly
far enough to got lost. Early navigation was accomplished by pilot recognition of landmarks, and has
avolved to the flight maps used by pilots throughout the world. But navigating with maps was rapidly
found to be deficient during bad weather, at night, and when the pilot was in sufficlently unfamiliar
terrain. Militacy applications denanded solutions to these deficlenciza. Radio beacons (e.g., TACAN)
were one way to stretch invisible lines through space to augment navigation. 3Sut the vulnerabiliry of .
these 1links has been recognized and autonomous navigation techniques were soon sought. The INU, a com~ g
plex set of gyros and accelerometers was developed to provide positional information. Since these
systems have inherent (and typically random) drifts, they require initialization, alignment, and updates
to maintain the needed accuracy. It was recognized from the navigation designate (update) mode that a
correlation could be made between inertial space and a map space. So the projected map display was
born. A film strip of DMA maps is produced to cover the expected operating zone for an alrcraft. The
initializaticn of the INU and the film strip are performed simultanecusly, and a pilot can watzh his
position superimposed oa a photographically produced map (see Figure 1) from A~7 aircraft. This leaves
the pilot's hondo free tc operate his controls with no further need to juggle flight charts. For .
aissions requirinz precise weapor delivery time and locatlon, this system is a fantastic fmprovesent. N
So why do we need digital wmaps? Especlaliy since current cathode ray tube (CRT) displays wil!' never '
match the resolution of a photographic image. -

PR

PIGURE 1. A-7 Projection Map Display.
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The current photcgraphically based projected map diasplays are limit~d Lo standard paper wap
formats. Aa area of complication can nccur due to the diversity of map formats. The ground forces
typically utilize a azp called Universal Transverse Mercator (UTM), while aircraft navigate in lacitude
and longitude. So the maps are not the same, and the confusion is difficult to resolve. Conversions
can b2 wmade between positions on both types of wmaps, but cannot he readily displayed on photographic
projections of aaps. 30 what is needed is an absolute map standard which can be readily converted into
any format. The Defense Mapping Agency (DMA) is {nvolved in the development of thiz data base. Using a
variety of inforaation sources, a digital representation of the surface of the earth can be generated
(Pigure 2). The Digital Land Mass System (DLMS) is currently available in two general classes:

Digital Terrain Elevation Data (DTED)

Digital Feature Aralysis Daia (DFAD)

FIGURE 2.

Each class is composed of many subgroups depending on the level of complexity. The accuracy goal
for thege data sets is considerably better than that aveilable from prpec maps. So digital map
technclogy ulrimately will involve a match of highly accurate digitized position information to low
crift iner .al eystems. Intermediate steps may involve digiii-itfon of paper maps (Figure 3) due to
\ isgues of availabiiity and uniform’ty., Of course, once the position information is in a digitized FE
forma: it can be ma ipulated and this is where the resl pay-off occurs. !

- In particular, this digitized map informatfon can no. be integrated with reconnaissance, and
o intelligerce inforvation to provide a greatly improsed land attack mivsion planning capability. A
C potential method for accompli. hing this {ntegration is described in this paper.
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PIGURE 3.

OBJECTIVE

CLAMPS 1is an approach to developing a modular ground support station for aircraft equipped with
digital moving map displays. An attempt 1is made to match the capabilities of each level of modular
station to the envisioned requirements for that level.

The mission planning station 1is initially configured for the AV-8B aircraft with growth to the
F/A-18 and V-22 ({.e., JVX).
AV--8B REQUIREMENTS

The Night Attack version of the AV-8B requires the following digital map capability:

Coverage - minimum 400 nm x 400 nm

Scale ~ 250,000 to 1
selectable
- 50,000 to 1 i
Display - Multi-purpose Color Display (MPCD)

INU Drift - 1 nautical mile/hr.

The cutrent development contract for thi{s hardware was award=d to Sperry, and 1is scheduled for
delivery and fnstallation in May 1987. Although Sperry initially proposed oaly 300 x 300 nam (about o0
sq. ft. of ; or map), they have been 1instructed to consider broader cuverage (up to 100 sq. ft. of
map), This .ystem will initially be based on digitizetion of paper maps. Even though Sperry has
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selected an extremely dense storage medis (the optical disk (Figure 4)), they will atill require some
data compression. There are a number of methods to sccomplish this compression, all with some inherenmt
lavel of information degradation.

OPTICAL DISKS PERMANENTLY HOLD
INFORMATION PROTECTED INSIDE
THE SURFACE LAYERS

WRITING CAUSES A NON-REVERSIBLE PHYSICAL CHANGE TO THE MEDIA

LAMINATED

aAcCTive PROTECTIVE

SstacuRrnRRRR Y, - . P2 77 L duddndd 'a'l’lll’)l‘
~ '

Y ] [ AT ;
i/lillil_l'll,ﬂfl’lllﬂ 35 WM. '___ AN THRRTRR R AR WA '
W06 MM,

ILLUSTRATION OF 12° MEDIA, COURTESY OF IM.

FIGURE 4.

GROCAD KDLES FOR CLAMPS

The mission planning station described here is a prototype for all sttack aircraft utilizing a
digital map. The station can exist in varying levels of sophistication depeunding on the functions
required and the hardware/software limitations available. It is assumed it performs the same function
as the Computer Alded Mission Planning Station (CAMPS) which has been prototyped for the U.S. Marine
Corps. Its capabilities will be divided into three groups, all having a baseline capability which is
then expanded as needed. The system must be capable of using a varlety of digital {nputs such as:

1. Paper Maps (after appro;riate digitization)
2. DMA Data (DLMS)

DTED
DFAD

3. Tactical Electronic Reconnalssance Processing Evaluation System (TERPES) (Reconnaissance Data)
4. All Sources Image Processor (ASIP) (Intelligence information)

5. LANDSAT

The detalls of some of these data bases are classified and will not be degcribed here. Suffice it
to say that CLAMPS will require special software to utilize these data bases.

The output of CLAMPS will be optical disku and other solid state memory sources, which can be
introduced into the aircraft. !

TATA BASE DISCUSSIONS

Paper maps are the most readily available and offer the broadest coverage. They are from basically
three sources.

1. Defenge Mapping Agency
2. U.S. Geodetic Survey (USGS)
3. Native Editions (derived from international sources)

The current draft product specification will specify the format for DMA to digitize paper maps (all
sources) and record them onto optical discs. The amount and type of compression required is yet to be
determined. 1In time the source will switch from paper maps to the Digital Land Mass System (DLMS) pro-
ducts mentioned earlier (DTED/DFAD). The familiarity of DMA with all of these products wakes them the
ideal choice for accomplishing this task. DMA currently produces the photographic maps for the
projected map displays (e.g., A-7).
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TPRPES, ASIP and LANDSAT to a certain extent, requira special processing and only limited access is i
available or expectcd.
COMPUTER-ATIDED MISSION PLAMNING STATION (CAMPS) FUNCTIONS
The CAMPS functions are considered critical to sny alvanced Land Attack Mission Planning Station.
In particular, CAMPS curreutly ucas DMA elevation files (DTED) to generats s terrain data base. It then
includes asircraft flight paraseters sud threat locations and eavelopes to generste an optimmm flight
prolile (position and altitude). A prototype of CAMPS was operated in the Fleat on the U.S.S.
Saratogs. A block diagrem of the hardware is shown in Figure 5 ard the aquipment layout in Figure 6.
It i{s intended that CLAMPS can incorporate these functions in equipwent requiring comparable, if not

less, size, weight and complexity. The bssic information flow is shown in Figure 7, which in general is
an iterative process requiring considerable operator involvement.
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STORACE MEDIA COWSIDERATIONS

As indicated earlier, the optical disk is the wedia selected to store the map information. Cur-
rently, a 5 1/4 Znch compact optical disk (sigze of current compact disks) could raadily store 260 mega-
bytes (per side) of information. It is likely that this could bs increased snd schemes have been iden-
tified to write on both sides of an optical disk. Currently, the aircrzit irstallation would involve a
single optical disk drive with one or two readout heads. It would store basic map information in some
compressed format. The fastest achemes for writing optical disks of the needed density and coverage
would require one half hour to prepare. So it is envisioned that an optical disk library of the world
would ba created to support mission planning. A5 mentioned earlier, this would initially involve
digitizacion of paper maps with their attendant shortcomings (inaccuracies, lack of feature information,
etc.), and ultimately be expanded to the DLMS data sets. For oparational use, a acheme to rapidly
introduce annotation onto this data dase would involve another storage media. Ome option for this is a
memory card Date Storage Unit (DSU) under development for the F/A-18. The characteristice of this
storage unit are summarized in Table 1. It can be rapidly written, erased, and updated but has only a
very limited data storage capability. This makes it a good match to the denser storage, but less
flexible optical disk media.

TABLE 1. Digital Storage Unit (DSU).

Currant Function Initialize JTIDS; store flight incidence
information
—-’;1—:; 80 cubic ioches
Weight 4 1bs
Storage Capsbility 4 MBIT expandable to 3% MBIT
Power Consumption < 10 watte

NISSION PLANNING STATION ARCNITRECTORE

As mentioned esrlier, the s1stem is intended to bs modular allowing a variety of configurations
based on require. capability. .>r siwplicity only three configurations will be desc=ibed here; a

nioimum required capability system, a iqusdron level planning system, and a full blown conus or carrier-
based planning systesm.

o

. —
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Level X

Level I 1s shown in Figure 8. It involvas & capability to read am optics]l diek (OD) aend the
couteants of the DS8U. Siunce these two storage media cannot fnteract directly, a deta synthesizer is
needed to call up aennotation at the appropriate portion of the map. This could be included in the
central processor, but since it is needed in even the aircraft fastallstion, would probably be 1
stand-alone microprocessor. The operator would need a mesns of intaracting with the DSU to genarste and
update annotation informution. The operator input options would involve a tersinal, hand coantroller, or
potentially a touch panel overlay. The touch panel would be superimposed oo the display to allow rapid
anynotation. The central processor would be needed to extract the stored informetion from both sources
and produce the digitized wap display. Ounce the iaforsation has besn generated or updated, the
processor must be capsble of writing the D30 and potentially even produce a multi-color paper map
(including annotition) for non-digital map equipped asirecraft (or even as a back-up for digital map

systems). The processor has not teen identified but a desk top uait (personal computer) is a potentisl
candidate system.
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WEMDAY CAND h
! MEMORY CARD
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$5K
SAIRBOANE / FACIUMLE UNITS
i FIGURE 8.
L

Mission planning time frames may drive the processing requirement to larger, more expensive wachines
with higher throughput. The prices indicated are based on of f~the—shelf hardware.

P

Level IX
Level II (Figure 9) has all of the Level I modules, as well as the following sdditional itews:
Magnetic Tape Drive
Map/Photo Digitizer

Micro-VAX (ruggedixed)

With the additional featuyres it could interact with

other digital data bases; TRERPES
(reconnatssance), ASIP (intelligence), LANDSAT (feature source).

Proper preparation and interfaces of

these dats bases could support high speed insertion of threat, target, friendly force location to aid in
nigsion planning.

storage media.

This level would still oot be capable of interacting -directly with the optical disk

LS
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Lavel I1L

The configuration shown fo: Level IIT (Fimure 10) is the fully capable system intended for carrier
(LHX) or CONUS sites, It involves the additisn of two more key modules:

1. Ruggedized VAX-750 or equivalent
2. Optical Disk Writer
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This eystem could interact with the optical Disk Library directly. 1Im fact, it could draw on the
1ibrary to extract only the sections nesded for a mission area and optimize their storege for rspid
display and snmotation. It would also allow incorporation of limited fasture informstion to the optical
disk to improve user utility. The system could then gunerate copies of the disks to be diutributed to
the squadrone for their utiliszatiom. Coste shown again are the off-the-shelf commercilal herdware, which
may not be applicable for military use.

TURCTIONAL MATRIX
All of the functions considered critical for CLANPS are listed in Table 2, along with tho hardware
modules required. It cea be readily shown that some hardware subsets are slways required for use
together. 8o these are combined into wodules. The list of wodules is as follows:
Read/Dieplay Module
Optical Disk Writer
Hewory Card Writer
Acnotate Module
Mag Tape Drive
Digitizer
CPU
Processor
A potential user could, by identifying the functions he needs to perform rapidly, deteraine the set

of modules needed to support this. So mission planning stations could be rcadily tailored to the user
peaeds.

CLANPS i+ a proposed mission planning capability basad on a generic digital map tecnnology. it ia
intended to support a nuwber of attack aircraft and user requirements. It performs all of the existing
CAMPS functions and adds additional features. Although optical disk and solid state memory are
projacted for this cupability, it could be used for other data storasge media. An evolving system barsd
initially on digitized wsrps is described, as well as growth potentiel to higher sccuracy DLMS data
bases. The functions are tailorable depeunding on the modulas selected. This is intended as a candidate
architecturs currently for plamning purposes ouly.

EEXFERENCE
1. Shupe, Norman K., U.85. Army Avionics Resssrch and Development Activity, Fort Moumouth, NJ, presented

at the 37th Annual Forum of the American Helicopter Society, New Orleans, LA, "The Night Navigation and
Pilotsge System,” May 1981, Reference number 81-18.
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DISCUSSION *
H.A.T. Timmers, Wetherlands

which firms are dalivering ruggediszed optical disce?

Author's Reply L
Ruggedised optical disks are not now being delivered. U.S.A.F. RADC has a progrea to develop such
a disc. It is called The Tactical Optical Disc System. The program sanager is Albert Jamberdino.
McDonnell Dougles at St. Louis hes contracted Sperry to build such a system for the AV-8B. Other
companies are working to develop ruggedized optical disks also.

— .

: ! J. Whalley, UK
Are you sble to say anything about the software or algorithms that are used in this system?

¥ Author's Reply -

No. This study indicated what coxnonents would have to be put together to obtain desired function
¢ i in a digital-map support system (systsm architecture at the most superficial level). The study
wad not teken to the level that would include specific algorithms,

1
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AUTOMATION STRATEGY AND RESULTS FOR AN AIRBASE COMMAND
AND CONTROL INPORMATION SYSTEM (ABCCIS)
by
R.P, de Moel
Nationsl Asrospsce Laboratory NLR
Antaony Pokkerweg 2, 1039 CM Amsterdam
The Netherlande

W.N. van Dranen
Royal Netherlands Air Force (RNLAP)

1. INTRODUCTION

D-P005 436

Automation is considered the approprirte way to improve the effectivity of preparation and deploy-
ment of weapon systems in the increasingly complex scene of battle. This automation is aiming for the
support of the activities, becsuse, according to the opinion of the RNLAF, humsn intellectual capacity is
essential to a balanced commercial and control process. Human intelligence and creativity combined with
speed snd storage capacity of the computer may improve the quality of the preparation and the effactivity
of the deployment of weapon systems.

2. COMMAND AND CONTROL IN THE RNLAF

1f we talk about "command and contrcl” in Royal Netherlands Airforce this term desserves some expla-
nation. This explanation is related to:
- objectives of the RNLAF,
~ main tasks,
hierarchical structure,
readiness of operational units,
airbase services,
command and control process/C2 aystems.

~

Le§ pan A T A AT

2,1 Objectives of the RNLAF
The mission of the NATO, in which organization the Netharlands are participating with 15 other coun-—
tries, is to maintsin the status of peace and of international safety, and to stimulate the stability and
the walfare in the North Atlantic area.
The contribution of the RNLAF to this mission is specified by the following objectives: .
= defending the air space in the area of the NATO countries from agression (air defence); R
- obtaining and msintaining the air superiority in the NATO command and control area (air defence,
offensive counter air and air superiority);
- giving tactical support to the NATO land forces (close air support and interdictiom);
- giving tactical support to the NATO naval fc-ces in the allocated part of the Nortii Sea and of the
Channel (tactical air support of maritime operations and interdiction).

[P —

2.2 Main Tasks

The eiforts in this framewvork form the main part of thu taaks of the Royal Netherlands Air Force. To
obtain a correct overview, it is important to recognizs the coherence of these tasks and the related
activities. A breaskdown of the main RNLAF tasks yields the following overview:

A Air Superiority. The following mission types belong to the afforts aiming st air superiority:
-~ Alr defence: air operations exscuted by aircraft and guided weapons in order to reduce or to nullify
the effectivity of an hostile air attack;
-~ Offensive counter air: besides defensive contribution also offensive operations are needed in order
to undarmine the hostile offensive power;
- Air combat wissions: offensive missions against airborne hostile afrcraft, especially close to the
battle-field.

b Tactical support by airforces. In the support of land and naval forces two types of operations can be
distinguined:

- Close air support: this type of operations is directed mainly to hoatile targets in the battle field
area close to the own forces;

- Intevdiction oparations: concerning the land forces thase interdiction operations have the intention
to seal off the battle field by interrupting the connections and communications of the hostile land
forces with their logistic and operational support facilities; concerning the naval forces the
interdiction operations are directed to hostile surface veassals ~nd harbour installatioms.

€ Additional support opsrations: both the obtaining and the maintaining air superiority and the support
of land and naval forces will be combined with additional air operations. These opsrations ars:
= Air Reconnaissance: reconnaissance is executed by mecans of visual perception, and by sensors such as
photographic, electronic, radar, television and infrared equipment;
- Air Transport: air transport facilitiss are deployed as vell for transport of manpover as for
logistics support.

2.3 Rierarchical structu.e

Also in peace time the commond and control of the operational units of the Royxl Netherlands Air
Force is assigned to NATO-commanders. The forcas in Central Buropa ars under the coamsand of AFCENT,
situated iu Brunssum. The Central Region is divided iuto a northern and a southern sector; in both
sectors an Army Group and an Allied Tactical Air Force (ATAF) are operating. Above these ATAF's an
umbralla headquarter is functiocing, Allied Air Force Central Europe (AAFCE) situated in Rsmstein
(rig. 1).
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2.4 Readinass of operational units

Besides the intervatiomsl centrslisation of the operationsl command and coatrol, snother assential
aspect of the alifcrces is the high degres of resdiness. This important capability of quick reaction
gives a major omtribution to ihe preventive task of NATO. Several slements cen react within 5-30 minutes
and all opersiicasl units have to be fully operational within a predefined time limit. These requirements
are valid seven days a wesek and are evaluated seversl times a year vis unsur-unced exercisea. The high
degres of Teadiness cequires a quickly reacting process of command and comtruvl (72-procass) at -amongst
others~ the airbases of the 2NLAF.

2.3 Airbase services
The sarvices directly involved in the preparation and deployment of weapon systems on the airbase
are:

* girdbase command post; this is the center vhare all orders, from the next higher command level or self-
generated, are coordinated and where the execution of the orders is monitored;

* gus or more aircraft squadrons; there the key personnsl related to preparation and deployment is
available; main duties sre the tactical preparation of the ordersd missions sud the real execution of
these missions;

* logistics control post; rhis post is responsidble for the aircraft preparation, as the provision of fuel
and weapous;

* air traffic control; the local air traffic coatrol service is in charge of the air traffic close to the
airbase and is responsible for the take~off and landing sequence;

* ground defence command post; the main task is maintaining the resdiness state of the airbase in such s
way that the orders can be executed;

* communicstion service; this service is in charge of the communication aids and of the use of these
aids.

The commsnd and comtrol lines vill be Aiscussed in the next paragraph.

2.6 Command and control process (C2)
The basic structure of the commend und cortrol process contains four slements:
- a commander gives orders from his headquarter;
~ lower level headquarters (staifs) process the orders;
- a combat unit is tasked to execute the order;
= the results of the execution are raported to the commander via the same wiy.
Bacause ordars may ba seq ial and b the d and control process oft has time-critical
characteristics, the process has actuslly a cyclic structure (Pig. 2).

Mowadays the following definition of a C2-system is in usa: "An integrated system consisting of
doc’rine, procedures, organization structure, personnel, equipment, infrastructural facilities and commu-
nication tools, that supplies timely and correct informstion to the commanders of all levels in order to
give them the opportunity to prepare, to sanage and to control their activities".

The basic form of a C2-system is Tepresented in Fig. 3. The major part of the above defined C2-ele-
ments is available in the figure; the elements doctrine and procedurses are invisible. It should be
remarked that the weaponsysteam is not a part of the C2-system. The aim of C2-systems can be summarixed
very concisely: to anable the authorities at all levels to manage the battle by supplying up~to-date,
secure, trustworthy information.

The requirements for a C2-system should be match to the expected operationsl conditions. In the case

of an airbase thres types of cizcumat ars for : peace time, times of tension and var time.
Generally these requiremsnts aras:
~ peace time : support of the air jefence warning system by processing and anslysing the sensor

siguals; monitoring of the intelligence situation and the status of the own resour-
ces; support of praparation and execution of sxorcises;

- times of tension: the paace time requirementa sre valid; moreover a quick informstior transfer to the
higher coemrndar is emphasized; the level of detail and the size of the ‘ract
rupply of information at all levels is impcrtant;

- war time ¢ the requirements for peace time and times of tension are valid with the hat
exearcise changes to reality; sufficiant robustness is required to survive .. .
actions and sufficient flexibility to assurs continuity of command.

The command and contxol process is amongst others affected by developments in the following areas:

- speed nf information transfer; although computer-based information systems are deployed, the speed of
information hundling is mostly determined by human sctivities and therefore ~ in compsrison with other
battle fiald developments - hardly improved (Fig. 4);

= symament; the range of srmament is incressed, the effactivity and the killing power are anlarged;

- alectronic warfare; hostile alectromic warfarse troops and aircraft will try to disturb electromic
commmication and weapon systems;

= decision characteristics; a wodern war 1s characterized by sn abundance of information and dis-informa-
tion; processing has to be tuned to the differemces “u priosity and the time rastrictions.

The soet important bottlemscks with respect to the fnformation flow in command and control informa-
tion systems are!
~ the poor intexoperability within MATO;
= the lov rate of automation in CCIS;
= the diffi{cultiss with the exchangs of large quaatities of information betwsen computers;
« the limited effectivity of security measures.

3. AUTOMATION OF INFORMATION SUFPPLY

The solutions of the sbove-mentioned bottlanecks ars not yet fully availabl «. It is clear that the
upgrading of the degres of autometion 1s nacassary, posaibly inascapeble. But it is slso necessary to
uake an faveutory of sdvantages and disadvintages of sutomalici. For thies purposs a scheme will be wacd
of the performance churacteristics of information supply (Fig. 3). Although this scheme is drafted by the
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Dutch Naticoal Asrospsce ubon:oty namely tor development ot emt.r based information system, it s
also suited for the comparison b 1 and d information systems.
In the "Scheme of air tasks processing™ (Fig. 6) a highelevel overview is pressented of the activi-

ties related to the preparstions sad deployment of weapon systems at airbase level ae a counssquencs of sn

air task from the next higher command Level. The "nission preparstion flow chart™ (Fiz. 7) presents the

aiv task massage flov through the orgacisstional structure of the airbare.

The faformation supply can be subiivided imto five elemsnts: acquisition (collectiom), storage,

handling, distriduction and presemtation of information., With the help of thesn five elemsats the

uifferunces beatweon mamual an sutometsd informstion supply can ba explained in more detall, \

~ daia acquisition ; information from alsewhere, local sensor dats and locsl information collected
manually. In the msnual mode the sensor data is trsnsfertred cnly to the primary
workplace, in the sutomsted mode the data is asvailsble to anyone interested and
authorised, Information from elsevhere arrives im books, liste and by telephonscsll
in the msnual wods; 1f computers sre applied, computer comnections are usad for data
callection;

=~ data handling 31 in the asnual mode data hendling is provided by people, in the automated mode by %
computers; {

~ Ja.. distribution; in manuval informstion supply data ia distributed by couriers, telex, telephone, in )
the automated situatic. by computer connsctions; ;

= data storage ; in the manual mode the storage wedis are wall totes, books, lists and meps, in tha
aut d wode computer memory is applied.

= daia presentation; in the manusl mode the same wedis ars applied as for storags, in the automated mode
displays aud printer are used.

The overvigw of the above meationed differences betwesn msnual amd automs>ed information supply is given :

in Pig. 8. i

3.1 Couparison of manual and automated infermation supply

The mein performance characteristic (Fig. 5) of infrmation supply is the trustworthiness: the rate
in which a user can trust the fnformation system for hia information supply. This main characteristic is
subdivided into five groups with the headings availability, continuity, integrity, accessibilicy and time-
liness. The dafinitions of these headings are:
- availability: the rate in which the information supply is proof agains: non-iatontionsl disturbances

originating within the information system;

- continuity: the rate in which the information supply is proof agsinst all {aterference or changes ori-
ginatiug outside the inforwmation systes, and against intentional interference originaring within the
infcrastion system;
intezrity: the rate in which the information corresponds with the resality that has to be representad;
accessibility: the rate in which the information can be easily sccessed within the restrictions of
suthorization;
timsliness: tha rate in which the tiwme requirements are met (in relacion to informstion supply).

During thie presentation it is impossible und needless to consider all charscteristics mentioned in
the scheme of Fig. 5. Not all characteristics are equally relevant for the comparison. The complets list
of definitions is given in Appendix A. During this presentatios the feasibility of the raquirements
velated to robustness, resilience, protectability, up~tc-dsteness, consistency and responsetime will be
discossad. As far as exact figures are given in the description of the requirements, these figurex are
not yet validsted. It is assumed that the figuras approximste the resl figures sufficiently for a reclis-
tic argumentsation.

—— T

Robustness is dafined as the rate in vhich the information systsm hardware is proof against all ex-
pected operational anvironmentel conditions (shocks, vibrations, humidity, temperature, radiation etc.).
The rsquirements ralated to robustness range from meximal one disturbance of maxismm 8 hours unintsr-
rupted within an operatimal pariod of 400 hours in pesce ime up to the war time requirement of wiximal
one disturbanca of macimvm 5 winutes uninterrupted within an sperational period of 16 hours. Of course
the manual system {y less vulnersble than the sutomsted system with his electromic parte. Especially the
war time requirement with respact to the 5 minutes maximum down time is stringent. But also in the com- :
puter envizonment this requirement can be met, although the provisions are astimated to be expensive, 1

Resilisnce 1is defined as the rate in which the information supply can be continued after non-inten-
tionsl disturbances originating within the informa®ion sywtem. The requirements rsuge from menual back-up
with a reduced numbear of air tasks per time period ivp pescs tims up to wavt time requirements for auto-
mated back-up without intermission. Also the war time requirements with respect to the slectronic systems
can be realised.

o amm

Protectabilicy is defined as the rate in which the informetion system is proof rrainst all {nten-~
tional intevference and against non-intentional disturbances originating outside ths informstion system,
The peace time raquir ts C as against fire and lightning, the war time requiressnts also
concern measurss sgainst shocks (cauud by bombs), vibration and elsctromegnetic puless. The probleme
related to sbocks snd vibration can be solved, the electromsgnetic problem is under favestigsation.

,

Up~to—dateness ie defined as the rate in which the information corresponds with the receant actua-
1ity. The acceptable time-lag depsnds om the type of information and on the circumetances. K.g. with
regard to matsorologicsl inforsation: in peace t(iwe s time-lag of 3 hours is accaptable, ‘n war time a
1lag of half an hour is permitted. It sppaars that these requiresents can be mat only by automsted
systems.

Consietency is defined as the rete in which coherent parts of intormation correapoads with esch
othar, Tha requirements range fvom . error per 10.000 dats elements in pesce time up to 1 error per
10,000 dats slements in war time. With cumputer support thesa requiresmants can be met.

Responsatime is dafined as the time between an inquiry and a responss tn 1t at a teruinel (deter-
uined by the queuing-time and the spesd with which the inquiry is executed). The requirsments relsted t-
responsetime for inquiries is 20-30 seuonds, reiated fo responsetime for modifications the meximws is
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3 nisutes. Theos roequiremsats are valid in pesce time and 1n weu time. The fessibility of thess require-
usate with respect o the sanxil infermation swpply depends

on tha storage mediumt in the case of wall
totes the .egpousatims is almoet zaro, im the cass of books the respeuse timag are not feasible. With
respect to suiemated imformation swpply the P ime requi can be met,
3.2 Conclusions
Although the comparisos b oad d i{nformetic: supply is dons only for eome promi-

caat performamce charscteristics, the concluwsion may be drewnm th it sdvantages ond disadvantagus of menual
eod sutomated information systems srise from differeat performsace characteristics. The major dissdvan-
tage of wasmal isformetiou systems is the low integrity of informaiion; the major disadvantagu of com~
puter based infermatiou systess Is the vuloerability of the electromics.

The trustworthisess of information supply requirue as wall sufficient availability and continuity us
well as catistying faforsation integrity. Becawse the integrity of information in masusl informstion
systeas cannot be further improved the attention should be paid to the decrsase of the vulnerability of
cosiputer based information systems, especially to measures sgainst slectromegnetic interference.

4. AIR BASE OOMMAND AND COWTROL INPORMATION SYSTEM (ABCCIS)

ABCCIS 1w the result of an incremsntal dovelopment by the Royal Yatharlands Air Force and the
National Aesrospace Laboratory NLR, The RNLAF contribution is based upon its know-how of the sctval ground
operations avd air operations. The NWLR contribution i{s a lczical extimeion of its knowledge on the mili-

tary orgsniszation, aad of its experience with aircraft selection, operational evaluation, integrated
combat training, aad sutomatiorn.

Technical features of ABCCIS are:
- Data structurs
* satisfies rurvivability, relisbility, and security requiremen:s
* is in bslance with high updace vates.

- krocluln( wodes
ions: single upd » single informstion reg ars pr d immedistely
" b-telu itemc are collected in groups before they are processed
* interactive: is capable of man/machinc interactions during engineering sessions.

~ Presentation capebilitices
* alpha-numericsl, graphic, and jmage-processing display unice
* alpha-.umsricsl and graphics printer
* colour and overlay facilities.

- Information arr
* {s adspted to ths -yviﬁc requirements of each ueerx
* cffers predefined screen lay oute and is easily adaptable
* ig driven by control tables.

~ Communication
# is limited to point-to-point connections
* offers reliability-based ya-routing pousibilities
% {g tuned to the existing commumication network.

ABCCiS comprises the following four main subsystems (Fig. 9 and 10):
= Opsrations Mapagement Information System (2MI5);
~ Computer-Aided Mission Prepsration System at Airbase Leval (CAMPAL);
- Intelligence Information System at Airbase Level (INTAL);
~ MPuceorological Information System at Airbase L-vel (NETAL).

4.1 Operations Mansgement Informstion Systes (OMIS)

OMIS supports the processiug of all order and messages relsted to the allocation of resources for
air operstious and ground operstions. Therefors, all relevant status data ar- collected: information on
pilots, critical persconel and equipment, war conswasbles, airbsse, and alan. These data are stored in
the datsbase and can sasily be retrieved by the usez, The central elemcnt of OMIS is cometituted by the
data mapagemant facilities; tha spec!fic vser elements ara dedicated to Air Task Processing at Airbass
Lavel (ATPAL) and Ground Operatioms at Airbase Level (SWOPAL).

OMIS is operational at tvo of the RNLAY airbrses (sec Fig. 1Y),

OMI8 {s equipped with (see Pig. 12):
- Off-line Support Packages for structuring the totes and the datsbese and for evaluating the OMIS use
and performance.
* The Information Arvengement and Definition Package ensbles to select womrim\ to ba prasentad in
a rigid way (in view of security requirements). It supplies the tocls for determining datebase cross
sections and for arranging varfous sireeu layouts.
‘The Data Aduinietration Package snsbles *o maintein the datibase snd tha data dictionary. It
supplies the tools for determining the structure of thec databame apd the data dictionmary, and for
msintaiving the database coutents in case of approvad changee in the database structure or data
dictionary.
The Evaluation Package enables to survey the use and performance of OMIS daily. It preccnts the uyer
errors, the frequency of requsots for and updates of informatiue per user, the mean and ‘wavimum wait
snd processing times per cocmend, and the total pumber of infosmation requesis, updates, and other
comsands. Comsequently, it 1s also a atghly effective security tool.
- Dats Memagsaent Pacilities for efficiert axecution of the varicus msnagement tasks rolated to the use
~ and coutrol of stored informatiom.
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- User Interface Package, which makes ponéible an adequate connection with the various spplication proce-
durss.
¢ - Application Proceduras, such ss ATPAL for air task processing and GROPAL for ground operations.

ATPAL supports the processing of all orders and mrssages related to the allocation of resources fur air
operations. It provides ths mesns for monitoring the progress of thea processing of air tasks, it ensurss
that the staadard procedures are observed, and it reports the result of the operations.

GROPAL supports the ground operations by making available information concerning the alert status, the '
. ground resources, the runway status, the WBC status, the local weather, atc. £

i 4.2 Computer-Aided Mission Preparatiom at Afirbase Level (CAMPAL) i

CAMPAL s pports the prevaration of air-to-ground mi<sfons. It improves the preparation process )
through the sasy availsbilicty of the most recent infirmation on intelligence acenario, operational coondi-~ .
tions, and afrcraft and avionics status. The pilot consults the relevant data sources interactively. On a H
vaster-scan colour monitor, the map data are displsyed together with route information. CAMPAL consists
of two main functional vurts: fer vuvigatiorm and for threat evaluation.

CAMPAL is oparational at one of the RNLAF airbases in a prototype veraion, and can be deployed for both ¥
war- and peacc-time mission prepaiation. i
This computar-based information system: 3

- speeds up the preparation by sutomation of standard procedures; i
- improves the preparation throug’s the essy availability of the most recent 1nfot-ltton, based on the
specific weapon-system characteristics and the ever changing cir !

- facilitates the preparation because the pilot can interactively consult (no computer knowledge
i required) various relevant data sources (Intell, standing procedures, meteo, geographic) before taking
| { his decisions;
: = strengthens the preparation by sutomatically assessing the threat figures using the complex, quickly
) chunging intelligence scensric in full detail;
A ! = is validated in F-16 operations in the Europsan scens.
' The proceass is controlled via tiie alpha-numerical dispiay of the interactive workstation. For the
actual route determination, the workstation includes a tracker ball. The digitizer serves as an addi-
tional input maans. On a raster-scan colour monitor, the map information and related data are displayed. .
These data can be printed via the colour haxdcopy unit. The graphic printer shows all planning results '
other than the navigation mups, such as the navigation-system (INS) data, the weapon-system (SMS) data, )
the alpha-numerical navigation information for the Combat Mission Folder, and general mission data.

The intersctive workstation is supported by a VAX 11/780 mini-ccaputer. This computer can serve at least
three such workstations. Sev for the current cperational hardware configuration Fig. 13.

R ) 4.3 Intelligence Information System at Airbase Level (INTAL)

INTAL supports the collection and processing of the inteliigence data, such as order—of-battle in- :
formation, target informatiom, threat cata, and the like. It assists the expert in obtatuing an inte- i
grated view on the various aspacts of a var situation, includiag the threat om route and in the target
area. For presentation purposes, both alvha-numerical and graphic display facilities are available.

An INTAL pilot system is currently inetalled in an operationsl environment (see Fig. 14),

4.4 Mateorological Information System at Airbase Level (METAL)

METAL supports the collection and processing of the meteorological data, obtained from various .
sources. It assists the expert in obtaining an integrated viev on the weather situation in the area of *
the oparatioms. It adapts thuse daca for easy and efficient usage during the missior preparation and it -
offera local veather information.

At the moment, the CAMPAL raster-scan colour monitor is used for presentation of the weather information
, during the pilot's mission preparation.

5. CONCLUDING REMARKS

4 The experisents with the ABCCIS subsystems in the operational environment have proved that the use
uf automation tools with respect to information supply improves the integrity of the information and
facilitates the mission prepsration.

The bottlenecku with respect to the vulnerability characteristics of computers must be eliminated to
inprove the resistance of electronic information system against war violence.

Up to now the sutomation concerning ABCCIS is directed to information supply mostly, . The
stete—-of-the-art of automation offcrs wore possibilities to improve the information handling rate. The
wost important possibilities are:

)} extension of the decision and infor-ation haudling support;
2 ) condensation end upgrading of information;
knowledge engineering.
"l'huo items are the rlements uf the mission preparation system of the pending future ‘(?1.. 16).




APPEIDIX A
Definitions of Performance Characterintice of Information Supply

Accesaibilic
The rate in ateh the inforwation can be ecsily accessed within the limits of suthorizatiom,.

Adaptabilie
The rate ia which changes in the reality to be repressnted can be esasily incorporated into the informs-
tion system,

Avdicability
The rate in which impropar - sometimes fraudulent -~ modifications of tha information cen be detected and

remadied,

Availability
The rate in which the information supply is proof against non-intentional disturbances originating within

the informstiom systea.

Communicativit
The rate in which the information system can exchange information with other aystems.

Coneistency
The rate in which the coberent parts of information correspond with esch other.

Countinuity
The rate in whi<h the information supply is proof against all interferance or changes originating outaide

the information ryatem, and against intentional interference originating within the information system.

Correctness (implementation)
The rate in which the implementation satisfies the user requiressnts.

Correctness (information)
The rate i{n which the information is without errors.

Frequenc
The oumber ¢ times a spacific procass has tv e repeated within a pre~defined time range.
Imperturbabilicy

Tue rate in which disturbances in the iuformation supply can be prevented after interfarence caused by
wolifications/changes in the information system.

Integri
The rate in which the information corresponds with the reality that has to be represeated.

rabilit
The rate in vhich instructions can be easily given to the system (in numbar and type of actions).

Protectability
The rate in vhich the information system is proof against all intentional interference snd againit non-

intentional disturbances originating outside the information system.

14t
The rate in which the vhole of characteristics of = product, process or service satisfies the re juive-
uents, derived from the nbjectives for usage.

Readiness

The ratec between the speed with vhich the informstion system presants information after the momant the
information is defined in case of shared usage of resources and tlie speed in case of non-shared
Tescrirces,

Recoverabality !
The rate in vhich the information wupply can be res:arted after repair. .

Reliabilic
The pr: ility that an information system can execute the required functions under pre-~defined circum-
stances in a specific time range.

Repairability
The ~ate in which salfunctions in the implementation and in thu carrier-hardware can be sasily detected

and remedied.

Resilience
The rate in vhich the information supply can be continund ¢ er non-intentional disturbances originating
within the information system.

Response
The ti,- otvnn an inquiry and a response to it at a terminal (dntu‘iud by the quaing-time and the
speed with vhich the inquiry is executed).

Robustness
The vate in hich the informstiocn systea hardvare is proof against all expected opevational envirommsmtal
conditions (shocks, vibrations, Lumidy, temperature, rsdiation, etc.).

e ——————— r———
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} rate in which horised inspection of information can be prevented.

; Security

} rate in wvhich the information supply is proof agsinst (non-)intemtional » inepection, g6,

!

l%
time rate in which g pre~defined process is executed,

Syrvivabilit
The rate in vhich the informstion supply can be ‘continued after interfersnc- exceeding the defined pro-
tectabilicy.

i Timsliness
: The rate in which the time requirements are met (in velation to information supply). !

The rate in which a user can trust the informatiom systea for his informetion supply.

t

|

l Trustworthiness
% Up-to-dateness .
i The rate n which the information correspornds with the recent actuality. )
‘ User-friendliness

The rate in which the interface betwasn information system and user is tuted to the procedures, disci-
pline and experience of the user.
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Fig. 8 Differences between manual and automated information supply
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S. Boehmer, USA

How is the database updated?

R.P. de Moel

Manual, floppy disk, automated.

DISCUSSION

Bulk data via magnetic tape (from AAFCE), small updates manually.

J.H. Powell

How will the system interface with European wide data systems such as EDDS (European Data
Distribution System).

R.P. de Moel

The system is linked to EIFEL, the next higher level system at ATOC.
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TANCETING AND WEAPGWE RR\UIREVENTS IN
CLOI% AIR SUPPORT STRIRE C ERATIOY

by
Ronglé A. Erickeon
Targeting Ansalysis Office
Naval Weapons Center
China Lake, California 93555
usa

- This paper presents & Naval Weapous Center study on close air support (CAS) targeting requirements
and systems. The paper gives an overview of U.S. Marine Corps CAS and identifies problems {n apecific
sreas of the CAS wmission, iacluding threat, communications, timing, targat wmarking, =nd target
acquisition. The study also analyzes CAS targeting requirements and foimulates guidelines for
improvement of CAS targeting capabilities. —\

,
WISSION PRFINITION i
Clove Alr Sapporc

CAS is defined as air actior against hqitilc targets that are in the proximity of friendly forces.
Detailed Lategration of each air aission with the fire and movement of the frieadly forces is required.
Close—fa Fire Support ' .

The svpport furnished to ground troops by Marine Corps attack helicopters is cslled close-in fire
support (CIF3). The ssme coordination with ground and air forces is required. The CIFS miasion is

different from CAS in force sttactur2 ard ordnance employed, but is included in this study since it s
also air support provided to ground troops.

Target Lceuisitioa P

-

Target acquiul;,ié’n is the term used to indi:at~ the process of locating the target once the general
targat area has been entered. The target acquisition process usually begins vwith sowe type of search;
includes detecrfon, recogauition, or identificatioun; and ends wheu the weapon has been released, fired,

or locked onto the target. The use of "acquire™ in this report denotes whatever task (or tasks) is
appropriste in the coutext of the discussion.

Ther unique functions in CAS of air-to-ground commuzications and targeting warking cen also be
1nc}uifod as psrt of the target acquisition process. A target marker (e.g., swoke, panels, or a laser

designstor spot) could also be thought of as the first of two targets in the sesrch process, with the
/(n'.o!, itself the final objective.

/

I
@ WETEOD
\
~ This study was carried out in three phases:

1) Review of CAS studies, handbooks, operstional reporis and {nstructor materials, with weighting
given to analysis snd experience over the last eight years.

2) Interviews with U.S. Marine Corps (USMC) aviatcrs.

3) Synthesis of informstion gained from the literaturs and from interviews as the basis for
icentification of the problems, their causes, and possible improvements in CAS cargeting. v

The study is qualitative in nature; assumptions and important factors in CAS target acquisition are
simply stated with quactitstive supporting data. These estatements are generally ugreed to in the
operational and technical communities. Conclusions as to target acquisition requirements can be derived

from the ststewmsnts, and thebe sets of requirements can form the “ahopping 1list" for choices of
targeting device developmwent.

Most of the target scquisition functions required of Marines in combat are given in Table 1, where
the compinents (or "players”™) are also listed. The table shows the wide range of operations that
include soue form of target acquisition. Ttems were reduced in number to those predominsnt in the

sir-to-ground attack, CAS mission (Table 2). Table 3 further restricts the scope of Table 2 to items
most sppropriate to cargeting per se.
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TABLE 1. Complete Classification of Target Acquisition Spectrua.

I. Ground-to-ground
a. Components:®

1. Ground trocps (e.g., infantryman, forward observer)
2. Vehicle crews (e.g., Dragon gunner)
3. Artillery crews

b. TFunctions:®

1. Acquire/track encay before firing

2. Direct fire on enemy

3. Designate eneay (e.g., with a laser device or smoke marker)
4. Report enemy location

II. Ground-to-air
a. Components:

1. Troops
2. Antiair weapon units (e.g., Bawk unit)

b. PFunctions:

1. Acquire friendly cargo helicopters (helos)

2. Acquire friendly forward air controllers (airborne) (FAC(A))
3. Acquire friendly attack aircraft

¢, Acquire eneay air (helo and jet)

III. Air-to-air
a. Cowponents:

1. Helns

2. FAC(A)/ractical air coordinator (airborne) (TAC(A))
3. Piglhter aircraft

4. Attack aircraft

b. Functions:

1. Acquire snemy aircraft
2. Acquire own aircraft

IV. Alr-to-ground
a. Componenta: ’

1. Cargo helos

2. Troop helos

3. Attack helos

A, PAC(A)

5. Pighter/attack jsts

b. PFunctions:

1. Acquire own forces

2. Acquire landmarks (e.g., control points, identification pointe)
3. Acquire target marker

4. Acquire target

5. Acquire landing site

& Numbers assigned to components and functions are not necessarily correlated.
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TABLE 2. CAS Target Acquisition Punctions.

Other functions im the CAS operstion are not iacluded here (e.g.,
acquiring enemy aircraft).

I. Ground-to-ground
a. Coamponeuts: Troops
b. Functione:
1. Direct fire
2. Designate target
3. Report target location
II. Ground-to-air
s. Components: Troops

b. Punctions:

1. Acquire own FAC(A)
. 2. Acquire own attacker

I1I. Alc-to-air
a. Components:
1. Helos
2. PAC(A)
3. Fighter/attack jets
b. Function: Acquire other friendly aircraft
IV. Air-to-ground
a. Components:
1. Attasck helos
2. Pighter/attack jers
3. PACG(A)
4. Ground support (PAC, air support radar team)

b. Punctions:

1. Acquire own forces

2. Acquire target marker (e.g., swoke, laser spot, radar beacon)
3. Acquire landmarks

4. Acquire target

TABLE 3. Study Priorities in CAS Targeting.

I. Air-to-ground
a. Components:
1. Fighter/attack jets
2. Attack helos
3. Obssrver aircraft
b. Punctions:
1. Acquire target *
2. Acquire target marker
3. Dasignate target (from air or ground)
II. Ground-to-ground
a. Components: Tioops

b. Punction: Designate targets

an o L B A
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Two other importsnt functions are clossely related to an attack aircraft pilot finding the target:
ccapunications end marking the target (Talile 4). These “wo aresu are trestad explicitly in this study
since they have besn key compunents in the CAS target scquisition procmss snd are not found at all in
othes types of air-to-ground target scquisiifion.

TABLE 4. Additiounal Functions in CAS Targeting.

1. Cosmunication
a. Components:®

1. Tactical Air Command Center (TACC)

2. Direct Air Support Center (DASC)

3. Pire Support Coordinatisn Center (FSCC)

A. TAC(A)

3. PAC(A)

6. Ground support (PAC, air support radar team)
7. Attack sircrafe

b. Punctfons:®

1. Request air strike

2. Direct aircraft to target area.

3. Pase target and strike inforwation

4. Mark target

S. Clear sircraft for strike, or sbort strike
6. Coordinate timing

II. Mark/designate target
a. Components:

1. Troops (PAC, artillary crew)
2. PAC(A)
3. Frighter/attack aircraft

b. PFunctions:

1. Locate targets

2. Launch marking munition

3. Track and designate target

4. Estimate or msasure range and bearing to target

S. Daescribe target location to PAC(A) or attack sircraft
6. Time carget marker properly

& Numbers assigned to components and functions are not nacesserily correlated.

TIE CAS MISsION

This section gives a broad overview of the Marine Air CAS and CIFS uissions. A number of a:udies
have been couducted, and handbooks and trial reports are avallable that provide a great amount of
detailed information on threats, waapons, targets, and their associated tactics. Since the information
is available, only its essence need be repsited hare.

Alrcraft

The principal attack atrcraft involved in CAS will Lu the AV-8B, A-6E, asnd F/A~18. (The A-4M and
F-4N/3 will ba used lun the reserve forces.) The OV-10 is the aircraft in uese by PAC(A) in the Marine
observation squadrons. The AR-1J/T is the attack helicopter that provides CIFS. Two of the attuck
alrcraft are single-~place types, so the pilot will be heavily task-loaded in the CAS environment. The
A-6E, F-AS/N, and AR-1J/T have two crewmen, 8o there will be sharing of the work.

Threats

The major threats will be wmobile weapons that include the ZSU-23-4, small arms and sutomatic
wespons, and several variaties of surface-to-sir wissiles (SAMs). Air threats from enemy fighters are
also a possibility, and Hind holicopters could be s threat in some scenarios. The threats will use
radar as well as electro—optical and infrared (RO/IR) sensors to locate and track the Marine aircraft.
The specific locstion of the threate may not be known shead of time, because of their mobility.

Targets
Most of the targets in the majority of the CAS scenarios will also be wobile - tanks, armored
parsonnel carriers (APCs), and vehicle-wounted artillery. Targeting the threats themselves (ISU-23-4)

would also be effective. If the Marine ground forces are attacking, such things as fortificstions
(bunkers) could also becoms targets.
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The wvohicular targecs are cousidered ‘poinc” tirgets (as opposed to ares targets), whoee location
cen changy because of their wobility. This type of ~arget ‘s aot sasy tu see unless it iw raising dust
in a dry enviromment, or {s merked or designated by a PAC or PAC(A).

Saviroument

The Marinas could uncounter s broad range of environments; e.g., flat, open country with little
vegutation; hilly country with little vegetation or coverad with trees; opem faruland; or built-up
coastal regions, including urban aress. Operstions wust be perforwed day and night in all seasons.
Limited vigidility and low ceilings mske air operations difficult. Night conditions make operatione
more difficult, but also decreasa the threat's affect’veness by disrupting optical tracking.

An additional envirousental problem that wust be considered in weapon amploymsat studies s
Jamming. It is likely that air-to-ground communicaticns will be degraded by jumming. Radar performancae
will be degraded by jsmaing by both sides in a conflict.

The ‘dentifying feature of both CAS and CIFS 1s opiration in proximity to friendly troops.
Traditionally, this has required close ccamunicetion between the around troops and their attack
aircraft. PFiret, and most imspoi int, by good communirations ground troups cam ensure thst their own
troops are not attacked; second, they can ensure that the dasired targat is attacked snd destroyed. A
Jummed environment malies this communication difficult 1f not {mposcible at times.

Tactics

Brsic weapon delivery tactice are dictated Ly the aiccrafu capabilities, weapon characteristics,
weather, and the threat. The weapons must be delivered within the range envelope (batween s maximum and
a ninimum range) and ia some cases must impact at a high enough grazing angle to be effect.ve. The
release conditiona must be such that the sr~-ift can avoid weapon fragmantation. Weapc Jragmentation
from the first aircraft in a strike must be avoidcd by thc second aircraft. (Timing ia critinal.)

The threat forces the aircreft to fly such that target acquisition is difficult and weapor delivery
is not in the “optimus™ part of the envelope. Jet aircraft fly as low and fast se posaible. They make
frequent turns to make tracking them difficult (jinkiag). They uee terrain masking to avoid detection.
This esme masking keeps them from seeing the target, of course. Heulrzopters rly as low as poesible,
avoid any populaled area, and also use ali the manking possible.

Jet sircra.t must normally increass their altitude before weapon release, entering i challow dive or
loft maneuver, or popping up #nd then entering a shallow dive over the target. Sose weapons can also be
delivered {n a low-level loft (&.;., 10-degree pull-up to release) if the target can be found in time.

Reliccpters conducting CIPS usually use the pop-up uaneuver, search the area for the target, aslew
the weapon or turn the helicopter 1lock on (if appropriate), track aud fire. Sometimes tracking is
raquired after weapon launch. This pop—up tekes them just asbove the terrain~ or vegetation-unmssk
point.

The timing of the attack pass e critical, rarticularly vhen targer warking axd mobila ctargets ar»
involved. This ccordinaticr betwesen the ground FAC, any airborne FAC, and the attack aircraft may aiso
take ple.e {n a high-threat, communications-jsmved anviroraeat (in the worst-cane situation).

Targ't marking can take many forms, depending un the aircraft systeme and whether the strike is at
aight or in the daytime. Smoke has been used for years to cue the pilot where %o look for the target,
or where to relesse the \mapone if the target cannot be ssen. White phosphorous (WD) smoke can bde
delivered frum the ground or in the sir (other colors are not nowy available).

The development o” laser designators, lasar spot trackers, and laser—gu'ded bomds and miseiles hss
provided a naw capability in Ci3 tsrget scquisition and attack. 1'ese ‘aser devices provide two
functions: they cue the pilot .ad the airc.ift system to the terget's location, .nd they provide an aim-
point for che liser-guided weapon. Cueiry roduces the pilot'c srarch time, and gridsnce reduces the
weapun's ciccular crror rrobad lity (CXP).

the material .regentel above is intended to give a flavor of some of the tsrget acquisition aspects
of close air support, withoul vepeuting much of the detail available {1 other reporta,

‘A8 has a wide varlety ot flight profiles (aedius altit-de, low altitude, pop—up, etc ). weapous,
and players. Ca” must be couduacted st night, in t..e¢ dayiime, and in all esorte of terruin and weather.
Jete, observation air~ratt (CvV-~10s), and hellc. pt 'vs engage in direct rupport of tha ground troops (CAS
and CIFS).

‘A8 has some of tu.s cu_ s Lsrget acquisition problems that are fourd in etrikes away from frisndly
troops (a.3., lase, masking, battl-.iv. . clutter, weather). The additional requirements to locate and
communicate with friendlies near the targets, and ro aark che targete, introduce sdditiounsl problems.
The ability to mark the targets, however, can make things earisr for the attack pilot. It appears that
all thess require ents sust be met in a sedium~ to high-threat enviroament.
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More small mobile targets will be enzountered in CAS than in deep-strike atiack missions. Bacause
of their mobility, the locations of these targets will not be known enactly, and theay will be
“svaileble” to attuck ifor ouly a short time. Mobile targets are difficult to locats, unless wmarked, and
thay may be heavily defended.

The proxinity of friendly troops brings good news and bad news. The bad news fs thet it is very
{mportant that the attsck pilot mot drop his weapons on the wrong targei. His teak-loading is increased
b paviug to locate the ensmy and, at the ssme time, know he is not thiectening tc triendly troops. He
can't just drop his paylosd on, or shoot at, anything that looks san-made.

The good m.ws is tha: those nearby friendly troups can mark themselves and the targets to aid the
attack afrcraft. The type of marxing must fit the situation and be compatible «ith the aircraft
systess.

Tabla S shows the wost fsvorable conditions for CAS. Many of these condittons might be found in a

permissive enviroomeat, against an unsophisticated enemy. However, current ecenario or wmission-
description dncuments state that moat of these conditions should not be axpected.

TABLE 3. Optisus Couditions for CAS.

1. Accurate aircraft navigation system (good to 100 metars)

2. Tsrget marking or cueing vieible to pilot or avionice
sensor (lascr spot tracker), and accurste offset from
marker to target

3. Marking of owa or friendly troops visible to aircraft

4, Good air-to-ground communfcation with sdequate time
available for message

5. Clearance by FAC bafore weapon relasis

6. Positive ldentification of target by pilot before
relsasa

7. Damage assessment and sccoad-pass instructioas from FAC
after veapon dalivery (for nev aimjoint from marker)

8. Good timing between air and ground

9. Appropriate sircraft weapons, tactics, and target
(proper warhead, fusze, impact angle, etc.)

10. Accurate weapon release computsr

Table 6 shows some of thc problems that an aircrew might have in actually fI-Jiag the target oanca
all the other problems have besn surmountad. These problems are caused by the target's characteristics
(genarally, hard to see or to locate with radar or forward-looking infrared (FLIR) sensor) and by the
threat forcing the aircrev to fly low and, for jits, fast.

TABLE 6. Problems in Target Acquisition.

Probles Cause

1. Small targets Targets are woatly vehicles (tanks, APCs,
I8Us).

2, Low-contras: targets Targets use dirt, foliage, paint, and
camouflage to avoid detaction.

3. Pleeting targets Targets are mobile.

A.  Restricted visibility Natural weathes, battlefield smoke
restrice visibilicy.

5. Terraju snd vegetation masking rastrict Low-flight altitude of aircraft in order

visibility to avoid threat.
6. Short search time Threat forces high speed, single paers, or

quick pop-up by aircraft.

A m 3



Target marking increases the probability of the aircrev's finding the terget and reduces search time
Table 7 shows some problesms with the smployment of iarget
narkers., As shown 1in the table, there are problems with both a elmple systewm 1like ewoke ond «
compiiceted and exponsive system like a laser designator.

to a afniwum in a bigh-threat environment.

lasar tracker avionice in the aircreft.

LA MSIORATOR USE

A laser designstor used as o marking device is precise.
reverse) to indicate vhere the forward obsarver ia.

seneing system, which must be pointed in the right direction to detect tha laser spot.

Use of a lagur-guided weapon has one large advantage: it decresses the CEP; however, it can make
other tasks in the weapon delivery process more difficult.
And the designator, whether ground or airborne, i{s more vulnerable than passive systems.

of a designator 1s not very long.

An obvious need io to dacre=ss the designation time required by our acquisition systems snd by laser

weapons.

TABLE 7. Tavget-Marker Acquisition Problems.

The laser designator aleso requires reliable

It is also active, and can be ufed (in
The aircraft must be equipped with & compatibdle

Coordination and timing are more difficult.
The half-life

Probles

Cause

1. Smoke marker not always visible.

2. Swoke marker not uniqua.

3.  Swoke marker ia static.

4, Suwoke marker may not be placed
accurately near target.

S. Laser designator readiness un-
known (both ground and alrborne).

6. Laser designator vulneradle
(both ground and airborne).

7. Wrong laser designator and laser
tracker codes somstimes used.

8.  Lager Jdesigndtocs difficult to
use at nighe.

9. Tacrgst markers not visible froeo
low-flying sircrafc.

Bactlafield hase, smoke. Restricted visibility.
Wind blows emoks away. Not ussble at night or in
snuw because of color.

Enemy counters vith own smoke. Colored smoke is
not available, but needed.

Smoke cannot "follow" moving targets.

Inaccuracy in warker delivery, artillery firing
of wmarker round, nr communication.

Operator carnot see dusignatsr spot on target.
Long tiwe (10 to 30 seconds) required with spot
on target (depending on tactic and weapon syetem).
Poor cowmunication makes coordination difficult.

No night sighttng devices for ground lager units.

Terrain and vegetation sasking.

Table 8 shows some additional targeting problems that would be encountered during night oparations,
The A-6E tacget recognition and attack multisensor (TRAM) and the F/A-18 with ite FLIR would not Trequire
flares, but nse of the aircraft radar systes with a radar beacon, and the FLIRs will etill not be easy
in a high-threat environment.
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TABLE 8. Night CAS Problems.
Problems Cause

1. Alrcraft mus: fly higher at night| Automatic terrain avoidance systems (if any) not

than in the daytime. totally relied on.

2. TPlare illumination difficult, Pilots do not want tc overfly target to drop
flares. flare placewant not accurate. No forward-
ficring flaras in Marine Corps inventory.

3. location of targst by ground PAC | Right search and ranging eystems u«re not now

difficult at aight. availsble.

4, Target acquisition (search) by Rostricted field of view, aircraft and target
airborne _ensor alone is not location uncertainty, low flight altitude, time
likely. liaitation.

S. Use of a ground beacon alone is Range and sximuth from beacon to target can be
not good enough for target inaccurate.
strike.

6. location of identificacion point IPs are usually visusl fixes. Most current air-
(IP) at night for pop~up attack craft do not heve a good encugh navigation system.
is difficule.

ASSOCIATED FROBLEMG AND SOLOYIONS

It e
process.
targeting
target.

unrealistic to consider the target acquisition function as an independent item in the CAS
Related processes and problems that might be considered to bda outside, or ¢n ths fringes, of
are shown in Table 9. These factors certainly affect the ability of the aircrew tu find the

TABLE 9. Coamunication and Coordimatisn Problems.

Prodblem Cause

1. Unregtricted sir-to-yround com—
sunication probably not possible.

Eneny jamming. Low-level flight makes communi-
cations difficult.

Degeription of target location
takes & long time, if poesible
at all.

Different viaws of target arna from air and ground.
Description not precise.

3. Split-sacond timing difficult
{pracine time-on-target).

Poor aircraft clocks ond navigation systems.
diversions, bad westher.

Enemy

4. Tiwely target designation for

weapon delivery difficult.

Mobile targets have a short exposure time. A
multiple-aircraft strike complicates coordinstion
and communicstion.

Pigure 1 iy a block disgram of the interrelated factors for a fixed sst of conditions that an
operational group would face in wartime. The only feedback loop shown goes from “affectiveness™ to
“tactics.” 1Io s given campaign, the military f{orces must opsrate against a specific threat and target,
with che sircruft, avionice, and the marking devices available in the inventory. The only factor they
can change is tactice {f they are not satisfled with their effectiveness. Some recent tactics changes
have had good success in countering thrests and communications jasming.

Pigure 1 aleo illustrates the “sssociated” solutions to the targeting problem. 1f sircraft avionice
are changed to improva survivability (e.g., lwproved chaff), the tactice could be changed to improve
target acquisition capability (e.g., fly higher). If a terget-marking device on the ground is changed
aircraft avionice could

to iwprove target acquisition cspsdbility and thereby improve affectiveness,
vemain the same.

And so on.
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i
THREAT ATTACK AIRCRAFT
TACTICS i  SURVIVABILITY
AND >
CODRDINATION,
COMMURNICATION .
AIRCRAFT EFFEC
AND TIVENESS
AVIONICS
1 \ 4
TARGET |~ TARGET b EAON b
ACOUISITION
% Smemeelp  DELIVERY
CAPABLLITY CAPABILITY
MARKING WEAPON WARKEAD
AND ’ CHARACTERISTICS CRFECTS
DESIGNATION (ENVELOPE) FEC

FIGURE 1. CAS Factors for Pixed Set of Equipment and Enviroumental Conditions.

TARGETING INPROVEMENT GUIDKLINES
A good targeting development strategy would include the following:

1., The targsting must be successful under flight conditions that are necessary to deal with the
threat (e.g., low altitude, high speed).

Z. The targeting performance should be compatible with the delivery envelopes of the available
waapons (e.y., & miniwum range of 6,000 feet).

3. Oparation of tha targeting systes must not incresss thu aircrew work load since {t is already
too high.

Information reviewed during this study indicates that the threats will remain high and probably
increase in in.eneity. Toda?'s lesa-~developed cultures will socon have sophisticated antiair weaponry,
80 the "low-threat” envirunmeént may b. a thing of the past.

One approach is to integrate targeting, electronic countermeagures, and weapon developments that
would attack the target and threat (sometiwes the same) as a eystem. If the threats can be detected,

located, and killed or suppressed, attacking other targets bucomer much essier. And until the threats
can be suppressed, CAS may well bs an unscceptable mission, becauss of unacceptable attrition rates.

What would be the most important improvemente in USMC Air CAS asbility, from the targeting
standpoint? The following seem tc predominate in all of tha above descriptions:

1. Improved threat scquisition and suppression

2. lImproved comtunication in the jammed ecvironment

3. Improved target warling

4. Improved friendly unarking

5. improved target acquisition, per se.

6. Decreased sircraft and target designator exposure time

What proposed "improvements” may not halp such? A listing should include:

1. Proposals for improving or modifying cvrrent, often expensive, products without clearly showing
what the improvesment will buy.

Cees ot e e —— F T o Juup S T

PESIIES, W : - -

L2 o2 S

g e




— —y———

P

TA-10

2. Longer-range weapons that 4, not deal with the associated savere long-range target acquisition
problem (eepecially over land).

3. Concepts that do not deal with the threat snd ceunot be uwsed at very low altitudes or at high
speads (for jets).

4. Concepts that purpori to increase the target acquisition range (e.g., through better rasolu-
tion), but 4o not solve the nssking-from-low-altitule or very-short—axposure-time problems.

5. Concaepte that incress: aircrew decision-making and work loed.

6. Concepts that sre not compatidle with our current and nesr-futurs wespons and their eanvelopes.

This paper has briefly described CAS operations and identified some of the target acquisition
prot lems. Discussion of aseociated prrbleme such as communicetions has slso been {included. Some
general recommendations hsve been made on aress needing immediste asttention, and a strategy for longar-
range development has been suggested.

The information coutained in this study is intended to be used in combination with a technology
survey to produce specific hardware development proposals.
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TENUE A JOUR DE SITUATION PAR SYSTEME EXPERT

30 quai de Dion Bouton
92806 Puteaux, France

Depuis plusieurs anndes, 1'Armée de 1'Air frangaise procddc & 1'&quipement des centres
d'opérations en moyens de traitement automatisds, La description d'un tel systdme ¢'ai-
de ¥ la déciston : celuf dont est dotée la Force Afrienne Tactique, fait 1'objet d'un
exposé ici mime,

Dans ce contexte, les &quipes de réalisatior ont &té amendes trds t8t & s'intéresser
aux possibflités qu'apporte une approche par les moyens de 1'Inteliigence Artificiel-
e, La planification des missfons, la gestion des ressources sont des domaines ol ces
techniques sont naturellement utilisables. Le renseignement militaire &galement et nous
allons ici présenter une application concernant la tenue J jour d'une situation par
systime expert,

Aprds cette description nous &voquerons certaines conclusions auxquefles nous 1 con-
duit la réalfsation de systdmes experts dans le domaine des C31.

L'AUTOMATISATION DU_TRAITEMENT DU _RENSEIGNEMENT

Un centre d'exploitatio enseignement militaire a pour t¥che de rassembler le maxi-
mum d'informations pos sur les force, adverses, de les traiter (corr8lation,
interprdtation, validation), de les stocker, de raliser des synchd¥ses et de les pri-
senter sous des formes diverses en vue de leur utilisation opdrationnelle, L'ordre de
bataille { 7B) constitue une des précentations les plus courantes de de type de situa-
tion,

Er temps de paix, les {informations recueillies concernent en géndral des unités dont
le stationnement est relativement stable. Un traitement manuel des observations re-
cueillfes est suffisant.

En teaps de crise ou de conflit 1'ordre de batailie des forces adverses devient trids
&volutif, Pour tenir la sfituation ¥ jour 11 faut traiter chaque jour un grand nombre
d'observations provenant de sources trds diverses : compte rendu de missions pour les
observations 1 vue, exploitation des reconnaissances akriennes {photo, optronique
infra-rouge, radars SLAR, etc... ) ou des renseignements fournis per les satellites,
etc... Par ailleurs, Ta tenue & jour de cette situation doit se faire pratiquement en
temps actuel pour &tre en phase avec le déroulement des opérations abrienncs.

A 1'&vidence, un traitement informatique de toutes ces donnfes est indispensable pour
exploiter dans les délais voulus la masse des {informations regues.

Le systime automatisé ge traiiement du renseignement militaire, appelé VYIGILE, propo-
se de répondre I 1'ensemble des besoins du 23me 3ureau en temps de paix, de crise ou de
guerre : $tablissemert et gestion des dossiers d'objectifs, mise en forme et actualisa-
tion permanente des 0DB, &laboration des plans de rechecche du renseignement, etc...

te projet VIGILE prévoit de traiter les différentes fonctions par des algorithmes spé-
cifiques. Cependant Te diéveloppement des systimes experts permet d'envisager de les
utiViser pour tratter de fagon plus &l1&gante ot plus effirace un certain nombre da pro-
bliwes,

.
L'Inteiligence Artificielle est en effet particulidrement bien adaptte au domaine du
rensefgnenent

- possibilith d'utiliser les connaissances splcifiques d'un ce~tain nambre d'exparts
de haut niveau au proftt d'opérateurs rapidement formds (résarvistes en temps de
guerre),

- traitement d'une grance masse de wonnbes,

- langage conversationnal simple, fournissant & la demande les explications voulues
sur le processus de rafsonnement du syztime et expliguant ses déductions,

e A, R — LT W S Skt (Pt~
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- possibi11td de modifier la dase de connaissances pour introduire de nouveaux maté-
riels ou modifier les caractéristiques de ceux déja pris en compte,

OPB_ET_SYSTEME EXPERT

Le syst¥me VIGEX se propose d'appliquer la technique des systdmes experts sur un cas
concret simple : Stablissement de 1°'0D8 (déploiement) des systdmes de d&fense akrienne
d'un Corps d'Armée adverse 3 partir des informations recueillies par différents cap-
teurs sur une période de 9 heures au jour J + 2 d'un conflit : observations visuelle
vis des ptlotes, exploftation des reconnaissances aériennes et des photographies prises
par des satellites, renseignements do guerre &lectronique.

11 s*agit de savotr, avec 1a plus grande fiabilité possfble, comment les syst¥mes d'ar-
me sol-air ennemis sont r&partis sur le th&8tre d'opération., Ceci permettra, E&ventuel-
lement 3 un autre systdme-expert, de préparer la mission alrienne sur ce thé3tre,
d'évaluer la menace,...

L'utilisation de VIGEX a &t& congue pour &tre aussi conviviale que possible et pour
permettre ainsi 1'acc®s § des personnes n'ayant aucune formation en informatique par
1'utilisation de graphiques, de menus et d'une interface en langage naturel.

Le put de VIGEX conduft 1e systdme & remplir des types de fonctions distinctes

. 1a satsie manuelle aidée des informations ponctuelles &manant des organes de recher-
che spécialisde, identififes av pr8aiable comme pouvant appartenir 3 des &l&ments
SAM,

. la corrélation automatisde des informations saisies avec les informations stoc-
kkes ;

. la présentation & Y'utilisateur pour validation de :
* 1a création de nouveaux &l€ments,
* 1a modification d'31éments,
* la mise en attente d'informatior non corré&labie,
* 1'¢iiuination d'&léments ;

. la présentation d'une situattfon des moyens sol/air afin de préciser leur localisa-
tion (0DB) ;

. 1a d&duction, ¥ partir de cette situation, d'une hyvpothdse ce déploiement;
. une aitz ¥ la compréhension des résultats obtenus ;

. la pfise en compte par 1'expert de l1a modification des moddles de déploiemant des
unftés, ou des types de systdme d'arme,

Pour effectuer sa tdche, VIGEX dispose, ¥ 1'entrée, d'une sirie "d'observations"
ponctuelles et incompldtes sur le déploiement ennemi ; ce sont les constituants 1inf-
tfaux de sa base de faits, VIGEX dispose aussi de la description de toutes les confi-
gurations possibles pour chacun des "systdmes d'arme® ainsit que la description d'un

ceriain nombre de "d&plofements types® des forces ennsmies. Ce sont les constituants
de la base de connaissance,

FORMALISATION DE_LA_CONKALSSANCE

La base de connaissance c¢st structurée de la fagon sufvante

~ rdgles de production,

- frames de¢ déploiement type,

- frames de systime d'arme.

En effet, un systime d'arme est composé d'un certain nombre de caractéristiques (véhi-
cule de tir, fréquence d'&mission radar,...) qui peuvent prendre chacune certaines
valeurs. De mlme, un moddle de dépioiement est ure mosa¥que de zones géographigues
distinctes, chacune pouvant contenir un type donnd de systd¥me d'arme. Pour pouvoir
décrire ces deux types de connais<ance, le formalisme "frame® &tait bfen adapté.

Par contre, pour résoudre les problidmes sufvents :

« quel moddle de diploiement essayer en premier ?

. quel est le meilleur positionnement de¢ ce moddle par rapport aux emplacements des
observations ?

o QtCusn,

les ritgles de production sont les mieux adaptées.

—— . - . e —
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Le rat:zonnement en "chatnage-avanct” consiste & partir des observationsy ¥ trouver 3
quel systdme d'arme elles correspoadent puis A chercher & quel déploiement type corres-
pondent ces systimes d'arue.

Le rafsonnement en "chatnage-arri{dre” consiste & faire 1'hypotidse d’un déploiement-
type puis, pour chacun des systdmes d'arme qui le consticuent, Y voir si {1 y a, au
mEme emplacement, des observations qui y correspondent.

Une observation se présante sous 13 forme d'une suite d'informations sur les caracté-
ristiques d'un systdme observé et/ou détect? (mais non forcément reconnu), précédée de
deux clés :

. liey de 1'observation,
. type de t'observation (¥ vue, photo, guerre &lectronique etc...).

La suisie se fatt par 1'utflisation d'une grille comportant toutes les caractéristi-

ques envisageables des matériels pris en compte dans la base de connaissance du sys-
time.

IT suffit & 1'utilisateur de remplir chaque caractéristique, une par une, pour ren-
trer en machine de fagon syst®matique et compldte les informations qu'il possdde.

CORRELATION_DES_INFORMATIONS

Le déploiement des systdmes d'armes sol/afr est caractéristique du déploiement d'un
type de Corps d'Armde, suivant les mod®les que peuvent 8tablir un 22me Bureau.

Le systd®me VIGEX, pour chaque point g&ographique concernd, &taLiit la corrilation des
différents renseignements recuelllis, En cas d'identification certaine (i.e d'une plau-
sibil1t& suffisante) d'un type de matériel, 11 affiche sur 1'€cran un symbole fixe cor-
respondant 3 ce matériel, Dans le doute i1 affiche simplement un point d'interrogation
dans 1'attente d'informations complémentaires ou d'une d8cisfon de ’opérateur,

Si les 1identifications d&jy effectudes permettent de positionner le sché&ma type du
Corps d*Armée ou 1'0BD des systdmes sol/air, 1'oplrateur ou le systdme pourrunt en
tenir comptc pour lever le doute sur les batteries non identifiBes ou fdentifides avec
un mayvais coefficient de certitude,

LANGAGE_NATUREL

Le module de langage naturel est chargé de gérer la compréhension Je phrases taples
par 1'utilisateur et de pré&senter la réponse & la question oL d'exBcuter 1'ordre
correspondant.

Ce module est capable de comprendre des phrases taples sous un grani nombre de for-

mes syntaxiques. I1 peut é&galement comprendre les formes abrfgles ou grammaticalement
incorrectes.

Le module de langage naturel analyse la phrase entrée ¥ 1'afide d'un arbre syntaxique
pour en déduire la réponse 3 fournir ou 1'actton 3 effectuer.

11 est capable d'un certain auto-apprentissage, Lorsque Jfutilisateur lui{ donne une
forme grammaticale nouvelle, 11 recherche la plus proche parmi celle qu'ii connaft.

RESUME

En résum&, VIGEX est un systdme expert qui &cablit le déplotement probable des systd-
mes d'arme d'un corps d'arme ¥ partir des finformations recueillies par différents
capteurs de renseignements.

VIGEX dispose en entrée de plusiaurs types d'informaticns

- des observations incompldtes et de qualit® variable, provenant de sources de rensef-
gnements diverses,

- Yes caractéristiques des principaux systdmes d'arme,
- les moddles de déploiement des forces ennemies,
VIGEX propose deux modules Jd'interface :

- 1'un créd ~2ur 1'erper. : {1 permet de renirer les nodéles de systimes d'arme et
les mod®'.s de déploiement,

- 1'autre destiné & 1'utt isateur : 11 permet de renirer lez observations recueillies
par les divers capteurs ¢t de demander 2 VIGEX de déduire de celles-ci! le déploie-
ment le plus proche de V4 rdaliid.

‘
3
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VIGEX met en oeuvre plusfeurs techniques de 1°Intelligence Artificielle

- représentation de la connatssance sous forme de "frames®" et de r2gles de produc-
tion,

- prise en compte et exploitation de donnfes floues avec affectation de coefficients
de crédibilité,

- exploitation d'une interface homme-machine en langage naturel.
VIGEX est implant® sur machine SUN. I1 est développ& en LISP et langage C.
pans les mois qui viennent, VIGEX va &voluer notamcent sur deux pofints.

I1 va d'abord 8&tre compl&ter de fagon 3 suivre 1'8volution d'vne situation d'heure en
heure, La comparaison des d&placements successifs permettra ainsi de constater le
renforcenent ou T1'attrition du systdme global de dé&fenses sol/afr et de formuler des
appréciations sur les d&plofements des unités.

Par ailleurs, pour rendre la relation homme-machine encore plus aisde, des essats
vent &tre faits pour comnander VIGEX ¥ la voix.

La mise en. place d'un systi¥me expert dans le domaine du Renseignement militaire et
plus généralement des C3] pré&sente un certain nombre de probl@mes spécifiques.

. Le risque d'agression extérieure

Le savoir-faire fintroduit dans un systdme expert est une mat:2re chire, Elle a en
effet parfois £té colteuse & formaliser. Dans tous les cas, l1'ensemble représente un
capital opérationnel important.:

Qui plus est, ce capital est fci parfaitement bien 1solé et structuré (la base de
connaissance). Son interprétation en est donc a priori plus aisée et plus rapide.

11 importe donc & chaque fois de prendre les aesures physiques et logiques pour pro-
téger ces systd¥mes des risques d'intrusion r. de capture.

- La tentation de la facilité

Dds iors que l'on simule un comportement de raisonncment avec un systdme expert, le
risque existe de lui faire progressivement une conflance de plus en plus grande. Ce
risque est naturellement plus &levd en pdriode de crise oD les utilisateurs sont
soumis & des stress de toutes sortes (nombre &levd de messages, décision & prendre
rapidement etc...).

11 faut donc veiller & bian préparer 1'emploil opérationnel des systdmes expert pour
laisser nettement la prise de dé&cision aux utflisateurs et & leur esprit critique,
C'est en particulier comme cela que 1°on peut se protéger des risques de pollution
des bases de données et des systdmes par 1'adversaire,

SYSTEME_EXPERT : L'INTERET

Un des principaux avantages de 1'approche systdme expert est d'ordre méthodologique et
concerne tant les experts opérationnels que les réalisateurs de C3I automatisd.

Pour les experts opdrationnels, participer 3 la conception d' un systdme expert, c'est
1'occasion de formaliser, de structurer son savoir-faire, Ce travail peut conduvire 3§
une consolidation, voire ¥ une remise en cause de certains wécanismes de raisonnement
et de prise de décisfon, Cette tiche est importante par ces conséquences et son am-
pleur.

Réaliser uvn systime expert c'est &galement formaliser, rationnaliser, les relations
et les &changes d'informations entre experts et &quipes de réalisation du C3I.

Pour les rdalisateurs, on doit considérer que 1'approche systdme expert n'est pas
nécessairement vne fin en sof. Un systdme expert est &galement un outil de conception
et de maquettage de syst¥me automatisé. En effet, le systdme expert sé&pare clairement
le savolir-faire (base de connaissance) de 1'animation informatique (le moteur d'infé-
rence). Il constitue donc une structure qui se pr8te plus aisément 3 wmodification que
des programmes classiques.

I1 devient donc alors possible, par une succession oe dérorstrations pratotype, d'arri-
ver rapidement 3 une bonne conception du systdme 3 automatiser c'est-J-dire qui intlgre
correctement et dans tous les détails les mécanismes de raisonnement concornés.

o ———
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COMPUTER AXDED SENSOR PLACEMENT OPTIMIZATION
A.Kainginger and ¥W,Rath
ESG Elektronik-System-Gesellschaft mbH
Vogelweidaplatz 9, 8000 Muenchen 80
Federal Republic of Germany
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The problem of optimal sensor placement increases with the mobility of the sensors.
New threats e.g. “aused by new missile technologies lead to sensor systems, where some
of the sensors are highly mobile. Thus the optimization of sensor placement for a given
surveillance area becomes a complex and time critical task if constraints such ajj
Pana e

own operations areas, T T e T
terrain ondulation

-+ cerrain accenabiﬂtyJ

sensor capabilities, L

own tactical objectives, &

assumed tactical objectives of the WP forces

have to be taken into account.

This paper presents a layer mode) for the computer aided stepwise optimization of sensor
placement respecting the restrictions mentioned above. The computer tool is based on
digitized terrain data containing information about the height and culture (fields,
trees, roads, water, houses etc.). The layer model is based on interactive procedures
and automatic decision guidance. The software can be installed on minicomputera with a

color display and color printer thus making it a mobile transportable tool which can be
used online in the field. Lo

\ S e -

1. PREFACE

In recent years ESG has gained a lot of experience with computer tools for the
simulation of radar sensors and the production of radar coverage diagrams based vn
digitized terrain data with terrain resolutions of between 30 and 1000 meter per pixel.
The output of the coverage diagrams is either by an electrostatic plotter on transparent
paper for full scale map overlays or by a color graphics terminal connected to a color
printer which produces handy diagrams and also maps on paper or transparent foils for
overlays or viewgraphs. The software was originally installed on a CDC 6000 and later
implemented on a DEC VAX 11 and an IBM 4347 Computer.

A fictive example of a coverage diagram is given in Figure 1. It shows the overlay of an
airborne line-of-sight sensor coverage (upper diagram) and a fictive radar station cover-
age on top of a nountain with jammer and clutter effects (lower diagram). The correspond-
ing maps (originally colored) to underlay the coverage diagrams are shown in Figures 2
and 3. These are shadow maps to represent the surfa:e structure (Figure 2) and color
coded height maps (Pigure 3). The tool was used in the NATO Air Command and Control Sys-
tems (ACCS) project for the ACCS Multi Sensor Integration Study (AMSIS!. In this project
some hundred rxdar coverage diagrams for existing and planned radar sites were produced.

The fast development in computer hardware with increased and cheaper storage and ‘aster
proceseing time now allows to install the tool on minicomputers, thus making it portable
and mobile. With these features it is possible to use it not only for studies but also
for field applications.

2. THE OPTIMIZATION TOOL

Our customers very often expressed the wish for a tool which not only simulates the
coverage of a given radar at a given radar site, but in addition helps in the cptimiza-
tion of its placement. This lead to the development of a tool which is a good compromise
between high technical performan e& and low computation time on ths one hand and on the
other hand allows to determine step by step an optimum sensor placement. It is based on

an overlay of different layers representing decision criteria such as terrain, technical
and tactical criteria.

2.1 The Reverse View

Tne most important initial step is to find positions fro. which the areas of inter-
est can ba observed by the sensor. It was decided not to use the maximum percentage of
coverage as the decisive criterium but to define some points of interest e.g. in the mag-
nitude 3 or 4 which should be seen by the ssnsor. These points might represent roads or
flight corridors through which an enemy attack could be expected. The reason for the de-
cision against the maximum percentage coverage is illustrated by Pigure 4 and 5.

rurthermors this concept allows a fast computation of suitable sensor positions. This 1is
done by a socalled reverse view rest slevation calculation. To explain this let us first
explain the term rest elevation. Figure 6 illustrates the way how for a cextain target
height above ground, the coverage diagram can be computed from the rest elevation. Given
a certain ssnsor position and hsight above gxviand the rest elevation is defined by the
height above which the targest can be seen. F.r a given terrain as shown on top of the
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figure the rest elevation is given below. The rest elevation is always positive or zero.
If it is zero, the grourd can be sean.

A coverage diagram is obtained by coloring these areas where the rest elevation is
smaller or equal to the target height. It is also possible to divide the rest elevation
in several intervalls and display it color-coded.

Normally, one coverage diagram shows the area which is seen for a given sensor position.
In optimizing a sensor position we face the inverse prohlem. We compute for each of the
points of interast, which serve as the optimization, the reverse view rest elevation,
which is the rest elevation (line of sight) as seen no: to but from thesze points. The
areas whera all rest elevations of the points of interest are zero, are possible sensor
locations from which the sensor sees these points of interest. If no such area exists
we can display the area for which all rest elevations are below e.g. 100 meters.

Figures 7 illustrates this principle.

2.2 Layer Strhacture

Thus the a.m. reverse view coverage diagrams define terrain layers for the decision
process, Other terrain layers may result from a requirement that the sensor muzt be
neither above water nor within a village, an information which is contained in the cul-
ture data of the terrain file. By intersecting the layers these areas (water, villages
etc.) are blanked out from the potential sensor placement areas.

As far az the technical criteria are concerned we may know the poaition and strength of
jammers for electronic counter measures (ECM). These define layers of areas which should
ke avoided, thus reducing the potential area for sensor placement even more.

Another technaical criterion may be that an area with a slope above a certain value is
not accessible for the sensor. Other areas may be blanked out by manually entering their
contours with a light pen. E.g. these areas are technically or orographically unacces-
sible.

Tactical criteria might e.g. be not to position a sensor beyond a certain battle line or
on top of a hill despite of the batter coverage. Such constraints may be enterad manually
or by computer aids. This tool interface is suitable for implementation of artificial
intellicence procedures,

The intersection of the above mentioned layers defines areas which best fulfill the op-
timization criteria. Each layer is stored in the color terminal’'s image memory and occu-
pies 1 bit per pixel. Entire layers can be switched on and off cr colors can be attrib-
uted to them (see Fig. 8).

2.3 Selection of Sensor Site

In the ar=as were the sensor placement criteria are best fulfilled one or more po-
siticns are selected manually and their radar ccverage liagrams are calculated respect-
ing all the sensors radar features. Thus an optimal placement can be found quickly and
its coverage diagram is available in color on the screen and as a color hardcopy from
the printer.

3. CONCLUSION

Optimal sensor placement is a complex task involving human experience (e.g. tacti-
cal considerations) and mathematical calculations (e.g. covered area for a given digi-
zited terrain). It is generally recognized that it is very difficult and unprecise even
with a lot of experience to predict the coverage for a given sensor position just by
regarding Y map with its elevation contour lines.

Thus computerized tools based on a digitized terrain elevation and culture data base
becomea a very successful means for optimizing sensor placements.
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: DISCUSSION
N - W.E. Howell, USA
Ny How long does it take the computer to produce the results shown in the example?

; W. Rath

¥t 15 minutes computation time on a VAX 11/750 for all shown examples together. An optimization

Ii sessjon including all user input would lamt about half an hour, The computation time decreases

H considerably if the number of pixels is reduced.

:}

N G.A. Ward, UK

¥ Did you have an electronic display output as well as hard copy?

; What was the resolution of the raster display?

W. Rath

‘ The output is on a colour graphica terminal from which a colour hard copy can be made.

: 640 x 480 pixels.

' E.M. Dowlen, UK
How far was culture {(trees etc.) included in the coverage diagrams shown?

W. Rath

Nu culture data were available for the examples shown, but the tocl is capadle o. using culture
information, e.g. for radar clutter evaluation.

s
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ME] 2XX, UK

Sumsary

j It is likely that future atrcraft will contain a central data base containing feature detafls, ground
elevation, low flying obastruction data, intelligence and mission data. Recent sadvances in technology
have made {t possible to implement such a data base within an aircraft.

The exiastence of a central data base facilitates many new functions for both low level ground attack
and air defence aircraft. These functions irclude: improved moving map displays, precision
navigation systems, covert radar shadowing, surface to air missile site intervisibility, and
perspective terrain displays for use in adverse visibility conditions.

The integration of such a systes is currently being finalised and forms part of an on going flight
trials program in fixed wing jet afrcraft. O

1) Introduccion

As a result of recent advances in technology it {z now possible to create and utilise very large
digital data bases. A point has now been reached where it is possible to incorporate a large data

base within an aircraft avionics systeu to support additional navigation, display and mission
functions.

Existing electromechanical navigation functions such as moving map displays and inertial navigation
systems could be fimproved or replaced by avionics subsystems which access the database in real time.

Furthermore new facilitiea, not previously possible, may be incorporated into the syscem to provide
greatly enhanced operational capability.

This paper details the work currently being performed at GEC Avionics, Rochester UK, in producirg an
integrated afrcraft avionics navigatior system which could result in a single line replaceable unit.
This unit fulfills the functions of a Head Down Display Color Map Generator with covert Radar
shadowing and SAM site intervigibility, Terrain Referenced Navigation, and Terrain Following. The
system is currently being proved in aircraft flight trials programmes in both the USA and UK. The
prograumes commenced the initial flight trial phases in fast jet operation in April 1986 and the full
integration of all systema functions is planned for late '86 and early '87.

(2) The Central Data Base

It is envisaged that the aircraft of the future will have a large digital central dats store readily
accessible by the avionic sub-systems. Such a ctore in an advanced attack aircraft is likely to
contain the following informatiocn:

o Feature details (eg. roads, rivers, forests etc.)

o Ground elevatiun profiles (eg. Digital Land Mass Sysiem. Digital Terrain Elevation .
Digital Data [DLMS DTED] cr contours)
o  An obstruction overlay for low flying.

o Intelligence data (eg enemy positions, Forward Edge of Battlie Area [FERA], Surface to :
Alr Missiles [SAM] date). f

o Mission data (eg. waypoints, routing details, Initial Point [I/P]).

Great effort f{s being put into the realisation of such a central store; in particular the compilation
of the various coded digital information blocks, the codification into suitable compressed formats,
and in the development of the sirborne memory wedium such as laser disk technology snd hybridised
solid state semi-conductor memovry devices. Suffice it to state that the work conducted to date has

shovm that a cenctral airbornme database giving s mora than adequate aircraft operational coverage can
be acheived.
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: ' ™ The Moving Map

A number of suppliers have developed a two dimensional CRT sircraft cockpit digital moving wap
! display. It is poseible to display in real time an exact replication of the standard aeronsutical

. . charts at various scales by the interrogation and manipulation of the central data bare. These can
\[ ! be presented in either North orientated or Track orfentated forms relative to aircraft present
position. In addition a range of wmilssion and intelligence overlay data can be superimposed on the
map by edditional symbol generation. Morsover, the colours utilised by the displayed map can be
either manually or automatically selected according to the prevalent ambient lighting conditions, so
that sn ergonomically compatible map display can be viewed whatever the background lighting
conditions, at night, or with the operator wearing night vision goggles. Since both knowledge of the
aircraft altitude snd the surrounding terrain can be supplied to the msp display s. system it is
possible to include further modes of operation over and above those currently pcssible with electro
aechanical film based eystems. Thes: modes are:-

] Flexibility in altitude shading. An example of this
could be that all altitude bande sbove the presant
aircraft altitude can be coloured shades of red and below current altitude in shedes
of green,

] The two dirensional display could ba enhanced to give
an apparent three dimeneional map effect by the addition of sun angle shading. This
has the effect of highlighting the topographical features such as hill ranges and
river valleys.

o The datadase can be configured to organise the culture
data files so that individual feature files (or groups thereof) can be displayed or
decluttered in accordance with operational requirements. An example of this would be
the removal of place nsmes and uinor rosde when tracking a particularly strong
topograghical reature such as a river vallaey.

(4) Terrain Referenced Navigation and Terrain Following

By comparing a short duration of actual recorded hejights overflown using existing airplane radio
altimeter instrumentation with the relevant ares or stored elevation data base it 1s possible to
continuously update *he aircraft present position continuously with a Kalman Filter. Various leading
avi aic and aircraft suppliers are conducting work in this field. GEC Avionics have been active in
this ares for the last seven years and have conducted a weries of sircraft trials in the United
Kingdom under the auspices of the Royal Aircraft Establishment, Farnborough. The results obtained
have bsen highly satisfactory. From a precise knowledge of the terrain profile with respect to the
aircraft position and flight parameters it is possible to derive vertical steering cues for manual
terrain following or indeed to output the control commands to an Automatic Flight Control System. 1Ia
addition, with the planned mission waypoints previously loaded into the navigation system either
manual or automatic waypoint steering is possible.

In this paper it is not necessary to re-iterate EE’ theory and methodology of these techniques since
they have beeu discussad and presented to AGARD ,(2),(3) on previous occasions.

N However the veary accurate knowledge of aircraft present position obtained by Terrain Referenced
Navigation techniques together with the associasted map and terrain data-base enables the
inplementation of further integrated aircraft navigation and display system functions, ecome of the
more important of which are outlined in the following sections of this paper.

; (5) Line of Sight Obscuration

If the aircraft present position is known (i.e. the iatitude, longitude and height alove ground
level), the visibility or otherwise of any point on the ground may be determined. In the computstion q
divergent lines of sight from the aircraft position are calculated, and systematically scanned from

the aircraft position outwards, with the terrain data base being interrogated for all ground lying in

the vertical plane of the line of sight. The calculation determines the visibility or otherwise of

all points in that scan. A complete "radar scan" using divergent rays lesds to tha build-up of an

entire ground visibility/obscuration picture for all terrain about the aircraft position. The 1
resultant display produced in real-time from the digital data bsse is an accurate representation of a

(terrain only) radar trace/shadov displsy but has cthe advantages of being completely covert. The

advent of an accurate feature/culture data base in conjunctinn with the terrain data base will enable

2 true synthetic radar representation to be gensrated in reul time (50Hz/60Hx) in a eimilsr manner.

(6) Surface to Air Miseile Site Intervisibility

At present the danger sones about s SAM sits are highlightad on exfsting maps by concentric circles
within which aircraft at known heights could be detected rnd within which 1t {s obriously dangerous
to verture. Techniques have been developed that are ver’ similar to the line of sight obscuration
just described but which teke the position of the migsile site as the origin, These generate s real
time dieplay showing those areas within the theoretical ccverage of the missile site vhere the |
aircraft can safely fly at ite current height above ground level rince it will be masked from the . !
nissile site by intervening terrain and thus not detected.
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(7) lLandscape lmsgery

From any three dimensional database it is possibie to generate a gynthetic image of the view from any
given position cnd viewing angle. If the aircraft parameters (ie. position, height, pitch, roll and
heading) are known accurately it {s possible to generatc a perspective image exactly corrseponding to
the a:tual view from the cockpit by using the terrain elevation database.

Such a synthetic image could prove invaluable, displayed on the Hcad Up Display one to one with the
real world, during low level fight {f the pilot temporarily lost uight of his ground references, for
instance in adverse viewing conditions such sporadic low cloud. However the gynthetic imgge is most
useful in augmenting the diaplay of the cutside world derived frem other aircraft sensors such as the
Forward Looking Infra Red (FLIR). The resiltant composite display can be viewed by the pilot
head-up or head-down.

Previously the task of generatring such a gynthetic image in real time has been limited to large
computer based aircraft simulators 3ince the computaticnal tasks, taking into account the real time
rapid movements {nvolved, have been beyond the acope of on-board airplane equipment. However,
recent developments in microprocessor hardware, and & fcesh approach to the necessary dispiay
algorittms have permitted the design of an appropriate real-time displzy as 2 self-contained part of
an existing head-up dieplay electronic unit or as part of an integrated navigatation and display
system. This design results in a display capability which exhibits the required ergonomic
characteriatics suitable for mixing with the FLIR video onto a Head-Up Display.

(8) Air Defence Applicutions

The th-ee dimensionrl calrularions mentioneu eariier may be used in two ocher amcdes, both of which
are displayed head—~wown, Both of these modes have applicaticns for air defence fighters on Combat
Air Patrol (CAP) at medium heights (1000m to 5000m) using the look-down,; shoot-dowr technique with
modern missiles such as AMRAAM or Skyflash.

[ 'Desk Top Mode' — A long range oblique view of an atea of terrain which may be used
for the presentation of the overalli situation from the fighter's eyz view. Thig mode
is attractive for the 2 dimensional display of JTIDS information utc.

o 'Sun Angle Mode' - A plan view of the terruin elevaiicn «ith shading showing shadows
cact by an 1lluminating source such as the asun or a radar. It will allow pilots:-

1) to choose optimum CAP altiiude to minimise tevrain obscuration.

11) to detect areas of incdequate cover, or short range detection, {f constrained in
height.

111) to avoid firicg wissiles which could lose the target through terrain obscuraiion
after bainz launched.
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DISCUSSION

| 2 ¥. Rath, Germany
: wWhich is the storage size available on board for terrain data?
How many maps can be stored in that storage?

M.L. Busbridge
, Present system is sbout 8 MBytes for trials use only. Projected production systems requirement
! 4 is for 300 MBytes to store approximately 1000 x 1000 nautical miles at 250,000:1, 500,000:1 and
. K 1 Million:l. This will consist of either up to 10 PCB Card MNodules of Hybridised EPRON or
' laser disk storage. .
’ The Mep Data will be stored in a composite databuse whose topographical features are held and read
in parallel to the Terrain Elevation database.

o amp—

J. Whalley, UK
To what extent is the dats that you use standardiszad?

M.L. Busbridge
The elevation data used is the DLMS DTED (Digital Lane Mass Survey Jigital Terrain Elevation Data).
The topographical data is not yet standardised in that insufficient coverage exists in a digital
form. Various manufacturers are digitising sufficient coverage for flight trials areas. This
data is of course derived from standard aeronautical charts.

G.A. Ward, UK
Can you say why the maps you digitised still carry features unnecessary for flying tasks, e.g.
place names, etc.

M.L. Busbridge
At present no definitive nirborne requirements exist for thosa fsatures which are necessary for both
low flying and helicopter use. GEC Avionics are taking the approach of digitising each of the
individual feature or "IMY “wnes” which go tc make up the total printed colour map (these number
frow 20 to 30 sheets for ¢ - map cheet). By digitising, collating and storing these sepsrately
we are, sz a result of trials, able to vary at will the various ccmbinations required for the
varicus stagea of flight. The objective is to determine which features or combination of features
ara neceasary and have these as quickly selected pilot options. (A slide illustrating this function
will be shown in Paper 32).

B. Stieler, Germany
In connectioy with TERCOM navigation, the terrain following flight (TF flight) can be carried out
without the use of the TF radar. Could the author give an idea of what safety alcitude he
recommends to the pilot using this "synthetic" TF radar.

M.L. Busbridge
It is not intended to eliminate the use of real radar, but to limit its continuous transmission,
perhaps to a burst every 10, 20 or 30 secs. dependent on the degiree of confidence obtained by
comparison with the TF synthetic image to a) the real world, and b) thy “synthetic" E scope with
the "real" E wcope ski slopes, together with the various unspecified scanners, and the confidence
in the DLMS DTED database.

C. Zappulla
In the conventional map there is an error in the height indications and it is reported on the map.
As we intend to use "digit map" for TF nevigation, what is the amount of error in "height"
computation in this map.

; M.L. Bustridge
i This is dependent on the uccuracy of the DLMS DTED datatase. A greater accuracy than the Level 1

B is required. We have demonstrated that 3 metre errors in the database are acceptable for TF at
) 50 m AGL.

J. Davies, UK

Vhy was blue chosen to indicates a hazard region rather that the more traditionally used red
indicator?

M.L. Busbridge
We did not like the look of red. However, any colour cen be selected as a r¢sult of Trials and
Ergonomic studies as the colour palettn is fully programmable.

R. Guiot, “rance

Les . iloctets que vous avez mentionn@ co.vrent-ils le irajet prevu pour la mimsion ou permettent-ils
des deroutements importants.

M.L. Busbridge
The SMbytes covers 2 off standard 500,00:1 Aeronsutical Charts + DLMS DTED Data for the same area.
This gives a minimum flight path of 40 mins which is sufficient for trials use. The proposed .
production vLystem is 300Mbytes which gives 1000 x 1000 nmi. *
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