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PREFACE

Unmanned Air Vehicles, which include RPVs and autonomous platforms have had a long history in the military field.
Recent advances in guidance and control, in sensors and in data processing have ied to an upsurge of interest in such systems
within NATO. Several new RPVs are under development and there are numerous lessons that are being learned during the
development and deployment of these systems.

This symposium intended to examine the state-of-the-art in the unmanned vehicle field covering both short range
systems for tactical reconnaissance, target spotting and fire control and the Jong range systems carrying out surveillance tasks
and autonomous platforms.

Les vehicules non-pilotés, qui comprennent les engins télépilotés (RPV) et les plateformes autonomes, sont connus de
longue date dans le domaine militaire. Les progreés réalisés récemment en guidage et pilotage dans le domaine des capteurs et
du traitement des données sont a l'origine d’un regain d'intérét pour de tels systemes au sein de 'OTAN. Plusieurs engins
non-pilotés d’une nouvelle génération sont en cours de développement et nombre d’enseigmenents sont tirés au travers des
réalisations et des déploiements de ces systémes.

Le but de ce Symposium €tait de faire le point sur I'état des connaissances dans ce domaine. Ainsi, le programme
englobait a la fois les systemes a courte portée pour la reconnaissance tactique, le repérage d'objectif et la conduite du tir, et
les systemes & longue portée utilisés pour la surveillance et les plateformes autonomes.

L I B P e i tnate Jn it
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TECHNICAL EVALUATION REPORT on the
47TH GUIDANCE AND CONTROL PANEL TECHNICAL MEETING
Sympasium cn
GUIDANCE AND CONTROL OF UNMANNED AIR VEHICLES

1. INTRODUCTION

The 47th Guidance and Control Symposium on Guidance and Control of Unmanned ArLr
Vehicles was held at the Letterman Institute of Research, Presidio of San fFransisco,
San Fransisco, California, USA, fram 4 to 7 October 1988. The Program Co-Chairmen
for this meeting were Professor John T. Shepherd of the United Kingdom and Dr. John
Niemela of the United States. The program, as presented at the symposium, 1S
appended to this report. The complete compilation of papers will be published as
AGARD Conference Proceedings.

Unmanned air vehicles, which rnclude RPVs and autonomous platforms have a3 long
history in the military field, characterized by long periods of neglect and
indifference and shart periods of intense interest. The motivation for addressing
the qguidance and control of unmanned aircraft at this time sprang mainly from two
significant trends. First, the ever-increasing lethality and accuracy of modern
weaponry is monotonically increasing the risk of carrying out manned missions on the
battlefield. Thus there seems to be an erxpanding need for unmamned air vehi-les to
carry out an increasing diversity of missions, both offensive and defensive. Second.
using the same technologies that are producing this increased battlefield lethality
together with emerging concepts of artificial intelligence appears to offer the
potential for unmanned systems with si1gnificantly enhanced capabilitaies.
Consideration of these two emerging trends led the Guidance and Control Panel to the
conclusion that now was & propitipous time to explore the situarion through the
vehicle aof a symposium on the subject.

Accordingly, a symposium was organized on the subject of guidance and control of
unmarned air vehicles with the stated objective of examining the state-of-the-art 1in
the unmanned air vehicle field, covering both short range systems for tactical
reconnaissance, target spotting, and fire control, and the long range systems
carrying out surveillance tasks and autonomous plstforms such as cruise wm:ssiles.
Although the title o1 the symposium was limited to the guidance and control ot
unmanned vehicles, the scope of the symposium was ia fact much broasder. One session,
faor example, was planned to cover operational concepts, that iz, {f, and if so how,
an unmanned system should be deployed in lieu of a manned system. Other sessions
were planned to cover the design of the total unmanned vehicle system, optical sensor
systems for unmanned vehicles, systems external to the vehicle needed for a total
capability, and the evaluation and test of complete unmanned vehicle systems an
addition to the core subject of guidance and contraol. The level of success achieved
in developing meaningful discussion of these topitcs was uneven, as will be discussed
in the body of this report.

This evaluation report includes consideration of the comments and
recommendations which were received from the participants in the symposium on the
form appended. Such comments are a great help to the evaluator and the e¢forts of
those who took the time to make them are greatly apprecilated.

2. DISCUSSION

2.1 ¥eynote Address

The keynote address was given by Rear Admiral William €. Bowes, Director of the
Unmanned Aerial Vehicles Joint Project in the US Department of Defense, This project
has only been in existence for a short time so that only planning activities have
taken place to date, The most significant point Is that the US DOD 13 taking a
corporate approach to the exploitation of unmanned vehicle technology after years of
false starts and inter-service rivalry. A broad spectrum of MmMissiONS is being
addressed including reconnaisance and surveilillance, target acquistition, commang and
control, meteorological data collection, NBD detection, and disruption and deception
missions. (One point brought out by Admiral Bowes with which this author strongly
agrees 1s that many more uses for unmanned vehicle systems will suggest themselves to
operational system users as they get their hands on the systems. 1t 15 unrealistic
to expect that all possible system applications can be accurately assessed, or 1ndeed
even thought of, by rear echelaon systems analysts.) Cansideration af the reed for
systems to carry out these missions led to characterization of four types of systems.
These are: close range (0-30 km), short range (150 km, 300 km desired), medium range
(700 km), and endurance which 15 naot characterized by range but rather by time of
flight which for this system may be as long as 36 bours. admiral Bowes f1ni1shed his
address by challenging the technical community to develop,produce and suoport vianle
unmanned vehicle systems and assuring the commynity af the support of bis cffice 1n
using such systems.




2.2 Session [: Operational Concepts

The first paper of this sessior, presented bty Or, Rumer of AGARLD, was 3 summary
0f #1ndings fram several AGARD Aeraspace Applications Studies on unmanneag atrcraft
anplications. The studies addressed fthe use of unmanned aircraft 1n the ground
attack, beyand visual range air-to-air, and high altitude locng endurance surveillance
and target acquisition roles. Dr. Rumer 35 presentation was extremelv comprebensive.
He explained how ABGARD studies are commissioned and a3ccomplished as weli  &s
prese~ting the results qf the specivic studies bpeing addressed, Point designs for
vehicle, launch and recovery modes. command and contral methodoifgies. on-board
sensar requirements etc. were presented ¢or each mission comsidered.

fhe other paper in tre session, presented by Mr. Hansford of British ARerospace,
wWas a report of studies dore bv his  firm on the efficacv of unmanned fighter
a1rcraftt, (Mr wHarsford ¢ written paper 13 untartunately ngt available, as of this
writing. In addition., due to technical oi1fficulties, bhi1s visual aids were not shown
urtil his pregentation was almost over, Tnis makes assessment diffrcult. I will
=3y. however, that hls presenrtation urnder the Clrcumstances was herolt.)

The conclusimon ot poth napers was that praoeriv designed unmanned alrcrath
svystems for certaln rissions 3re feasltble. Dne 1ateresting point brought gut by Mr.
Hansford was that unmanned systems shculd have a life-cveocle cost advantage over
manned syztems because machines don t rave to practice,

S.3 Session 11: Reguirements snd Sysfems

fhe first pape~ 1n this 3833100 Qrapplea witn  the large t1ssuec filrst asddressed
i Session [, That is: what mission 15 an unmanped aircraft sultea for and, bavaing
Jetermined that. how should the unmannecd svstem be implemented. Tne paser., presented
by M. Martin of Command Svstems Groub. was an extremelv thougntful aralvsis of bow to
dastrov an enemy s effectiveness as a +fighting force by 1nterdicting his critical ©
nodes wsing an  1nhteqgrated familv nf unecanned sir  vehicles, The Ccaper sarcetuiiv
rigrlighted thne fact that the key M wuZerss 13 the  ability to rntegrate 3 multil-
saylnad multi-vehicle assemblage of mguipment into an effect:ive fnrce for  locatirg
critical $F nades and marting them for gestruction, This 1ntegratios 1S 30 comdier
ang the time for 1%s 1mplementarion so shart that many parts
of the planning function will have to be done Iin zoftware. The arceotance of this
polnt by cderationsl peerconnel 1s crucial 10 the bp3ttle +or arceptarce o+ Lnmasned
venirc les. Mr Martin poirted oor three areas where thig type of alarming 18
FEQULrEDD ASS10NINg I%5Sets: raute planrang:; and cuming gaftware,

The next paper, preserted by Me. Dens-o o+ tre TAJ Jorp.oealt wirnt the reed £37
unmanned vehicles to provide target acauistitieon, rnor just target deroctioc, on rhe
modern parttle+t1eld. tnce agdain. 3% 1N the pre2vious Caper, what =13 rex.ly me3ns 1%
that the computer will a0 the mission planming  3nd the 1mage cata 1rterprevarion
rather than the human, The need for this 13 undoubtedly valia ann At LMTe ti1mi the
aperosch will undoubtedliy pe techmically feasible, Howevwer, sucn methodologies will

ne.ar be accepted by cperatianal aersnnnel unlesz means are developed Yc p-ovide ther
assurance that the are "on top of" the situation and not at the mercy 2F a machine.

Tre next pape- . orssernted by M. Chaillot ot DRET SELE. was 2 di12zussinn of the
variaus methods which could te used for wnmared vehicle guidance arnd an-poard
sPNsnrs that could be used for target locat;on

The +inal two maoers 04 thig  seesion addressend the canahiiities of existing
S, sEeme ., ihe +i1rst, Gregentad oy Mr. Usnmig D+ L0 Auite thoroggh evonsi tion
gt the capabilities 0+ the Fhoen real-time 03ft 3urverlarte syatem, The
presented ty M-, Stroun of Lockrnesd discuy Agullya urmarned 31r ver cle
'S with empnasts on 1te target location rAao CEranlame Wyt tne 3udio
= urirortunately aecessitated a lacy o+ hranzd trase i3nrt Ywm pane-ss ara

n

cellation of tne 213cussi10n Serind nlanned o

Unce gQain aside  traom the tecnnolrgy presented  an thiz session, the  Lev 1ssue
De that fhere 1s an ever fOr sutsmation to Fandie the ever-
z1nuy amopnt of  dats berrg generated 1n ever -d4aeT- 233179 29v10ds ©F time, The
nology to peremit  trhiz 15 w2ll @GN the wav  Dut the guesticn of how to beep  the
operational user 1nfo-med  about and rumbcrtable with the situation mav be receiving
1nadedriate atrentior.

"Treaslng ne

2.4 3essaon ill: Yenicle Guide

Inis was the sessi1on 3ddressing the core 1ssue nf the title of the symoosiym:
Ausdante and contral,

lhe +1rst naper, oresented £, M. Hoitirer of ENSAE, was an acedem:ic exposition
ot rre synthresis nf a lightweigbt low angt RBPY  and laws for rontrol of  the vehicle
withnut recourse to A vsertical guvro. Hhonlicatinn nt such a desino would arnear
ro be Auite {im:ted., '




The next psper.presented by 5. ©Sbuelz of Meteor. was a straightforward
description of the autopilot of the Mirach 100 air-vehicle. The concept 1s somewhat
unusual 1n that 1t uses OMEGA 1nputs 1n a differential mode for navigation.

The next paper, presented by M. Redoutey of Thomson-CSF, was a description of
navigating RPV s usirg a radio-location system with a number of ground stations and a
beacon on the RPV. It was stated that the system designers rely on short pulses,
power management, and random-like times of transmission to avpid detection and hence
Jamming. it would seem that these ground transmitters could be one of those C3 nodes
sought 1n paper 21.

fThe nrext paper, presented by H. lZinner of MBB, dealt witn navigation by
proccessing images from  passive sensors. The authors frankly stated that this
approach is presently not feasible but may be in the future. 1+ made feasible from
the computational polnt of view, the advantages of total passivity with connectivity
ty the real world are self-evident.

The fina. paper, presented by M, Guyvarch of Aerospatiale. dealt with navigation
up-dating using map data obtained from radar. fAgain, the concept 1is to use
proc.essing paower, including artificiral intelligence, to obtain the necessary
correlation, in lieu of human intervention,

There really was littie inter-relation amang the papers 1n this session. They
ranged érom <straightécrwarg descriptions of eristing systems to discussions of
concepts that are admittedly not yet feasible. Therefore, there are ng further

general comments.

z.5 Session [V: Optical Systems

Unfortunately, Session [V was not accomplished as the Program Committee had
intended. Two of the planned five papers were, 1n fact, not presented. Interesting
substitute papers were arranged st the eleventh hour, However, these papers were not
particula-ly comcerned with optical systems so that the planned focus of the session
was regrettanly lost.

The +i1rst paoer, one of the substirtutes, presented by Mr. Pendry o#f Marcon.
Defense Svstems, concerned the operatior of attack drores. One 1nteresting point
braught mut 1S that drones at least cféer the potential for lower cost than missiles.
Irrs Le pecause 1L Mmay be possibie to relar envirgrmental requirements for drones
vis-a-v1is those +or missiles since drones can be stored 1n environmentally controlied
comtainers rather than having  to survive hung out on alrcraft hard polnts. The
system concept gpresented uses a feacas Systes for  navigation and a broagtand seeker
“or anti-radar attack. [t was noted that the vehicle must be fairly stealthy sirce

1t must +1y high to get i1nto oosSitior for a steep dive top attack, A further valid
ocint noted 1s that attack drones have several specif © requlrements. Thus, 1t 1is
not reslilstic to erpect that the attack role can be effectively éi1lled by a “qgeneral

purpose’ drone.

The ne~t caper. presented by Mr, Houston of Ferranti. was basically a historv of
Ferr3nty =.gerierce 17 the area of synthesis of sersor packages ¢for  target
acglsition, detection, and designation. Past emphasis has been on television., other
35r3 will be e.amined 1n the future,

Tme& re.t pager, tme other substitute. was presented by Me, Fry of British
Aerospace. It concerred a low cOSt concept for the navigation of RPVs loitering out
of lime of sight of ary ground control station. fhe concept 1s +tor the loitering RPY

to irtterrogate previnously emplaced smal)l low-cost beacons. with proper processing,
precise knowledge of the peacon locations 1s nOt required,

The two remaining papers 1r tr1$ SESS10” were  both from Lockheed  and both
a3ddressed deveiopments based on the Agulla system which ras completed development.

The +irst, presented by Mr, Amick addressed an 3ttempt to reduce system cost
by i1ntroducing standardication 1nto the development of sensor platforms., The goal of
the pgrogram dlscussed was to design a comman platéogrm for all sensors, together with
commen reprogrammable controls and  Ground Supeort Equipment, rather than  the unigue
spec19l purpose system built around each seasor, as 15 the case today. The result of
the program 1s the LOCFHEED ADAPTIVE MODULAR PAYLODAD (LAMPS). It would seem that
this tyoe of grocess must pe wundertaken 14 the cost-reducina benefits of
standardization are ever to pe realized.

The +1rnal pacer ot the session presented by Mr, Thompson was an erceptionally
clear presentation of automated search algorithms for target acquisition developed
tor 3td vslidated in tre ), 5. army Aouila Remctelv Filoten vebicle system,

Because 0Of the fragmented rature aof this session, general comments are difficult
to mate, e.ar, rhere 13 one point that was  made 1mplicitlv that deserves being
rst2d e oclicitly. The point i3 that «re drive ¢or stardardization 10 an attempt to
reduce Tast IS causing major changes 1 the way +1rms 1 the aeraspace 1ndustry

'irmys 3pplies tm the gevelopmert o¢ standard J3ta busses. standard
3 mecmanical irterfices, etc, 3 well a3s %o the sort of effort discussed
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here.) Traditionally, suppliers have designed entire subsystems., such as a sensor
package, and delivered them to airframe manufacturers for integration with other
subsystems. However, suppliers cannot develop standard subsvstems when thev don t
know sand will never know, because of proprietary Cconsidgerations. the pecuiiar
requirements of their competitors’ equipment. Thus, onlv the prime contractor can
develop standard subsystems. This trend is changing the traditional roles of the
various firms in the aerospace communitv. The ultimate result of these develcopments
is by no means clear but there 1s no question that the changes taking olace are major
and the resultant effect m»n the make-up c©f both airframe companiegs and therr
suppliers will be profound.

2.6 Session V: Systems External to the Vehaicle

The first paper of this session, presented by M Olivier of ONERA, was a
straight-forward comprehensive overview of ways to help maintain the data link
between RPV and ground in the prescence of various impediments to doing sc.

The second paper, presented by H Hornfeld of MBB, dgealt with usimd a digital msp
display as an aid in plamping., control, and target position getermirstion. The
system presented is called Inteiligent Graphics Overlay Svstem. IGOS. The paper went
into quite a bit of detail on the design of the various versions of the svstem.

Unfortunately, nowever , it did not address in very much deoth why the s.cster
characteristics are what they are. That 1s, what the underlving perceived reecs were
that led to the design decisions made. This 15 a very excitirng area of technology.

The use of digitally generated maps for pre,during, ang post-missios fungtions  is
continually 1ncreasing as more and more Deople become aware of the tremendous
potential such systems offer.

The next paper was presented Sy Dr. Cannenberg o% MERIT =
addressed Dr. Dannenberg s perception Of the impact of directicr =B %
Congress 1n 1988 on RPV goperations. It 15 Dr. Garnerberg s tha
direction mandated centralized control of the launck, control. and rez
Mr, Dannenberg then presented a most 1nteresting conceot tor accomoly
mission olanrming function, given that centraiited control wss. 1m $sot,  mar3iteT.
This paper produced by far the strgngest Bmot10nal resgorse cw the attendees 2¢ ar.
1n the entire symposium. Several delegates exoressed the strormgl,y keic coi1rmion trhst
the bureaucracv created by attempting to centrally cortro) 52, DCEr 3t
render the whole concept so wuntimelv &8s +to he useless. Thiz £Co froserzy 535S 'ust
beginning.

The next paper (which 1s untartunately mot available at rthas writing?, oresenten
by Mr., McGinn of BEC. concerned using i1magery f-om the SPOT sstellite ac a5 Cata base
for scene matching. The conclusigrn 0f the worh acoomolisies 1o dste 1z 7-at  tre
imagery is adeguate for mid-course navigation of 5 stand-cff micsile.

The final paoer of th1s session, bresertec by Mr, Sac.axr S Lookmeen, w3S el
thoughtful assessment of how to determine tre orgper le.el Sf autsraticr o¢ tassrs 2
a given system and further, how tc allecate functions between hardware and software.
A key element in Lockheed s approach to addressing this proglem 1s L3 QAu1TH .
prototype man-machine interfaces and get operatiornal pecpie 1n to sswess thel-
characteristics.

This fwuiast BYGiecd Lilu an aseEssSment o3 jlobsl 155w, The glscusSict 9f
what degree of centralization 1n the operation of RPVs 1s just one esample. Fua
consideration of this guestior hkas to IncCluge fow  organizations 37 certiticres,
perhaps up to and includirg NATO. This 1s obviously a3 most complev i1ssue but cre
that must be addressed continuously. Again, the questiansg @+  whicr furctiore get
automated, which 1nm hardware and which in snftware are fungamenta’ vo o tee 2es1g

process and methodologies +or maring these decisicns are of the Ltmost 1mpor tance,

-

2.7 Session VI: Evaluation and Test

The fi1rst paper 1n this sessipn, presented ov Mr, sevtang o+ Britie= werposnace,
addressed an  unmanred bomber primarilv designed tar Air-ro- ground M1I3=i0" 9. as
opposed to the system discussed 1n paper 12 which addressed crimarily Ytre 3ir-to-ai”
role. Based on the work done to-~-date, the author feels that ar RFPY witrn a c3*a 1317+,
a man-in—-the-loop, etc. 1s too compler for this mission. He thus addresses mg it -
role drones or automnomous aircraft acting 1n @ role similar to that cf a rarrec
aircraft, The selected concept 15 for the Unmanned Aircratt (UMA s t> te launched
from manned aircrat+t and autonomously penetrate, search, decect, snd attack. Stuoies
have led to the choice of a millimeter wave radar as the ftarget senscr., The ranqgicng
capabil:ity of the radar permits sett:ng up multiple target passes. One sensor s
felt to be adeguate since groups o+ +targets., rather tham single taragets. are s0ught,

[UNs |

The +1nal paper of this session. and 1ngeed, 0f the svmposium, was presentec by
Mr. Ferguson of Lockheed, A very clear description o+ the AQuila Sverem was
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presented. The subject of the paper was tnhe test program jarr1ed out Shothe Tur A
navigation and guidance system, 1ncluding a discussia™ o acrtual Test At 3
commodity which seems to be growing ever more rare.

The UMA bomber paper agaln ralsed the <oncern ablut 1dertéirarior o Friemg o
Foe (IFF) which always arises wnen dautonomy and lethalitv are lireec. Tre 1tf

problem 15 addressed snlely by rel/inqg on rre +al1drty T recortg 55 v wrEre
friendly forces are laocated. Thig 1§ a very trguolessme DroDn @™, TaE Jiesys 07 0 o
which escalates, as the degree of [ethal System autonomy Qrows,  he ¢330 cmat trere
were only two papers 1m thls $2ssi10n brirgs mome €re é3n% TR3% rEs. T@%t Tata T res
systems 1s exceedingly scarce. In tact, tre f1-st Daper, lerc,on o T
-t -

extensive experimental work, concerred a postulated, rather tran ar 3
One wonders 1f there is not too much empnasis slaced or stLcvying anzT 3 B
system to build instead of getting on withk building a strawmar syostem 370 *eefioT 0
to gquide the course of further efforts,

2.8 Roundtable Discussion

Frofessor Shepherd was the Moaerstor  for tns 31857935 . 2 Pl L e
manned by Dr, Dannenberg of the US, Mr, Jaores of the Uk, H.

M. Materel (FR).

The gdiscussion was staerted by asking the zaneiists thelr . i18ws 3% T Lus.
prospects for unmanned air veticles. Socmments were 3s failnwes: T A @iyt ite
in the Army, the situaticn e the Qir Force sr2 Nass y3n TIre U T
Caompetition 1s underway 0on a mid-range veritle, Tomgeritins 1S o2 et ertart
early in 1989 for a short range vehicle. Claose rarmne  and endurag ce S5 oirar a2
expected in 1990. UK: Armyv-in service. RN-sitting or the ‘ferce, N7 ree £ taocer

for MLRS. Ge: Using CL 289, anti~armor and anti-radar 1n Droiect des+ -~

The second questior posed was “"How quich!l, will we get 3s%0n0
There was no clear answer to this question. Comments were: Unerartinmal fvoe: ~a.e
be convinceo; manned aircraft are becoming unaffordable: Masbe ne.e-. Ter G ase T4
the positive ldentification Friemd or Foe protlenr,

A discussi1on ensued on the helicopter trreat tc LmTasse
people felt that the threat was not great tm a3 smail grooe
{n addition, a helicopter costs more SO 3 ore-for-nce would

The next topic of discussSicn was +he feasibilit, of Je.elzoci=a a7 - =
fighter aircraft. The consensus seemed to be that teckrcicgicall., tr-e -
perfectly feasible. Courage and the gpolitical will to suctceed were vre

important things needed.

Finally, as 1s 0 often the case, ever,one agreed that (I i1s an e tremel.
important problem, but robody cféered anv SuQEESL1IONS 35 tO what o

3. CONCLUSIONS

The concluslions presented here are solely those of the author, tased on the
written papers, presentations, and discusslons of the sSymposium arnd on tre forms
handed in by the symposium delegates,

3.1 There seems to be a general consensus 1n the technical caommunity that tre
technology is in hand for a vast increase 1in the use of wunmanned air venicies.
Accomplishment of missions ranging from reconnalssance and survelrllance., trrough
logistic re-supply to areas under attack, to autoncmous attack fi1ghter and bomber
aircraft, seem to be becoming technologically feasible. The increasing lethalit, of
the battiefield coupled with the increasing availapilitv of sophisticated autcmetion
technology seem to make this increase n unmanned air vehicle e~rcioitation
inevitable. However, this expansion of use may be limited to nor-letral missiorns due
to the lack of capability for autunomuus positi ‘2 idert:ficatior of frjerd nr émo

3.2 The US Department of Defense has signalled a significant i1ncrease :»  tre level
0% 1ts interest 1n unmanned air vehicles by creating the Unmanned Aerial vehicles
Joint Project. However, the scope of this project 1s limited to non-lethal vehicles
so that only part of the problem 1s being addressed by the jJoint project office,

3.3 The ever-decreasing time available for decision marking, together with the ever-
increasing amount of data to be considered, mandates the use of decision a1ds, tase
automation, etc. The technology for this type of automated system 1s 1ncreasingly
avalirlable. However, the key to success 15 not the technology to do the job. but
rather development of means +t0 assure operational decision mavers that they are “on
top of” the situation and not at the mercy of a machine.




3.4 T'- drive for standardization 4s a cost reducer is altering the traditionasi

relatic wnips of prime airframe manufacturers and sub-sSystem suppliers. More and
more sb-svstem work 15 being carried out by the primes themselives i the interests
o+ standardization, This trend, if not carefully mamaged, could lead to an

atmosphere which stifles i1nitiative and daiversity., Standardizatior must be applieo
intelligently and cooperatively, across the i1ndustry, 1¥ an atmosphere supportive of
1nnovation 1s to be maintained. Achieving this tmportant goal 1S a challenging task.

3.5 The degree of centralization of control of RPVs 1s a major ¢actor 1n the
ultimate success or failure of an RPV system. The underlying guestion here, as 1t so
often 15, 15 how best to accomplish the functions of¢ command and control. This :s an
extremely complicated problem with obvious political as well as techmical gimensiors.
The 1ssue must be acoressed and it must be addressed 1P  a broad forum :ie. across
NATO) 1f conclusions reached are to receive general acceptance.

4. RECOMMENDAT IONS

4.1 In view of the fact that the commurity seems porsed fOr o great expansion :n the
use of unmarined air venicles, 1t 15 recommended that the panmel re-s151t t71S tOCiC i
no more than three vears, possibly sooner.

¢.. Separate and apart from the suoject of technolog, for urmannea si- vehicles, t-e
cuestion of tre degree of centralization of trei1r operaticnal cont-oi demsnds  ear:.
care+yl eraminmation, an AGARD Aernmscace Gpplicatiors  Study gm tPls toDic mignt De

apcrogriate,

4.7 ime nrogiem O+ Zperatioral sTtTectance né gutomstinr, decis:

= a1cs, €10, Aol
TL.St  De 3acresses K. rtme  fecrmical cammupyt, TRiz musl De done  iT 3 way Tm3t
Jemorstrates to DOErAtITNAl Jersonre.  tn3T tNE TecnAr1ITal CommLnlty, reslc rEs wmar
thelr concerns ave jeg:itimate.  Crls withn @ mainr efrort On traz TLesTIor wali. Tel

tvDe o+ <,5tem galn accentarte,
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APPENDIX 2

AGARD

ADUVISORY GROUP FOR AEROSPACE RESEARCH AND DEVELOPMENT
GUIDANCE AND CONTROL PANEL
7. RUE ANCELLE, MZBOO NCUILLY-SUR-SIINE, FRANCEK
Telephone: [1] 4738 S780/ 82 - Telex: 610 176 - Fax: C13 4738 57913

Guidance and Control Panel 47th Symposium
G| CE Q) 8 D ICLES
October 1988, San Francisco, CA, USA

UESTIONNAIRE FOR ICIPANTS

Considerable time and effort was expanded by the Programme Committee, the
authors and the organisers hosting this symposium. As a result, the
Programme Committee Chairman has commissioned an expert to draft a
Technical Evaluation Report. To aid him in preparing a timely, meaningful
report, and since we have assembled here leading technical experts in the
field, we solicit any feedback or comments you may desire to submit.
These may be handwritten notes, and anonymous. If you have any questions,
please contact the AGARD Staff, the Programme or the Panel Chairman.

My name and address are:

1: 1In your view did the papers presented meet the published objectives
of the Meeting ?

— Most
™ About half
— Very few

2: Were the topics selected for presentation of interest to you ?
I Most,
] About half
1 Very few

3: Was the general level of the papers:
C—— Too deep
3 Satisfactory
L Too superficial




Were the speakers effective in presenting their topics ?

C— Most
] About half
—) Very few

Time was allowed for discussion after each presentation, and at the
end of the Meeting. Was this:

] Too little
— About right
—/ Too much

Was the meeting effectively organised (location, Jjoining instruc-
tions, duration, audio visual eguipment, refreshments, eto.

I Yes
——/ No - please amplify

Did language cause a problem ?

— Yes - please amplify
C— 1 W

Please add any other comments you may have:

Overall, what was your assessment of the meeting ?
Excellent Very good Good Satisfactory Poor
1 L T [——11 C——— 1 L1}
Please add here any suggestions you have for follow~up activity in

this field, or for AGARD Lecture Series, Courses, Symposia etc. in
other fields.

Thank you for completing this questionnaire. Please hand it in to the
registration desk, or to any of the AGARD Staff.



REPORT DOCUMENTATION PAGE T

L. Recipient’s Reference | 2. Originator’s Reference | 3. Further Reference 4. Security Classification
of Document
AGARD AR-260 ISBN 92-835-0521-2 UNCLASSIFIED

S.Originator  Advisory Group for Aerospace Research and Development
North Atlantic Treaty Organization
7 rue Ancelle, 92200 Neuilly sur Seine, France

6. Title TECHNICAL EVALUATION REPORT ON THE 47th GCP SYMPOSIUM
GUIDANCE AND CONTROL OF UNMANNED AIR VEHICLES

7. Presented at
8. Author(s)/Editor(s) 9. Date
Charles T.Elliott July 1989
10. Author’s/Editor’s Address 11. Pages
See Flyleaf. 16

12. Distribution Statement This document is distributed in accordance with AGARD

policies and regulations, which are outlined on the
Outside Back Covers of all AGARD publications.

7

13. Keywords/Descriptors

Dilemma cost/efficiency RPVs

Drones Target acquisition and identification
Inertial guidance Target reconnaissance

Infrared guidance Unmanned vehicles

14. Abstract

~ Evaluation Report on the Guidance and Control Panel 47th Symposium held at the Letterman
Army Institute of Research, Presidio of San Francisco, California, USA from 4th to 7th October
1988.

Papers were presented covering the following headings: Operational concepts, Requirements and
systems, Vehicle guidance and control, Optical systems, Systems external to the vehicle, Evaluation
and test.
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