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ABSTRACT

In the last two decades computers have
become more and more common in supporting
a commander's decisio¡ t¡ki¡g. The increasing
volume, diversity and complexity of the avail-
able dara however pushes the limitation of
comprehension and absorprion of human deci-
sion takers. This coupled to the need of rapid
rcsponse leads to human decision maken shift-
ing from cognitive decision making to more
a¡d more instinctive decision making. It is
stated that \fPE's can buy us the time to shift
back to a cognition. Furthermorc they can
enhance cornmand and cont¡ol by supponing
human qualitative reasoning. Wtuat environ-
ments still have to grow in maturity to be able
to create VPE's both in terms of hardwa¡e
requirements and available metaphors in the
VE. Research from both the \1E- and AI com-
munities should focus on the laner.

-o-
The time has æme, tlptfltrus s€iicl,
To êlk of manythinç,
Of æìling shi6 and s*atingwzx,
Ol æbbgæ and kinç,...

(Levils Carct)

INTRONUCNON

Integrating, analysing and acting upon
data has always been a vital aspect at all levels
of intelligence ha¡rdling, battle management

and military command and control. In rhe last
wo decades computers have become more and
more coutmon in supporting a commander's
decision taking by taking user ar¡d sensor input
to fuse information, simulate and calculate bat-
tlc outcomes and plan troop deployment &
logistics.

The increasing volume, diversiry and
complexity of the available deta, partially due
to the application of the inforr¡ation technol-
ogy mentioned above, pushes the limitation of
comprehension and absorption of human deci-
sion talcers.Itbecomes morc and more difficult
for the huma¡ senses to translaæ all the com-
plex data into meaningful images of events.
Some ¡lat^ actually may be lost because of
human limitarions (Smith 1993).

Even the most modern systems, support-
ing the mili¡¿¡'y comm¡ncler, currcntly availa-
ble or in dcvelopment (e.g. EUCLID 6.1) arc
heavily depending on doctrine and expert rou-
tine. The applicability of these sysrems therc-
forc is largely dependent of the flexibility urd
adjustability of the captured knowledge in thc

system via user interaction. It is stated that Vir-
n¡al Envi¡onmenß are the way to go to boosl

tbe perforrnancc of these sysæms by diært
high-level user interaction with the planning

Process.



The time has.come to capitalise upon
advances made in Artificia.l tnteltigence (AI)
techniques and Vìrtual Environrñent (VE)
technology. Resea¡ch progra¡nmes which are
aiming on the acceleration of the 

"u"it"biliryof mature capabiliries arising from these
advances for future command, control, com_
munication and Intelligence (C3I) systems,
have ro be initiated. As a sran the ásea¡ch
community has to investigate how the effi_
ciency and effectiveness ofsystems which tryto inrelligently support military operations
planning can benefit from the use óf uirturl
planning environments (VpE's).

important consequences for the nature of the
decision making processes. When little time is
available, one tends to emphasize on the rec_
ognition of tactical patterni and the execution
of pre-learned actions. When time is more
available the accenr shifts to a cognitive analy_
sis of rhe information and the gJneration and
evaluation of ahemative plans. The latter is
tlæical for the higher levels of command and
control.

Advances in communications, informa_
üon_- technology (IT) and computing power
facilitate significant in the scope ?or improving
the overall effectiveness of comrnand and con_
t¡ol. On the other hand however one can con_clude that these developments in
communications and IT have alsoresulted in a
trcmendous inc¡ease in volume, diversity and
complexity of the information. This coupied tothe need for a rapid r€sponse coordinated
across a number of military functions, makes
the exploitation of advances in for insrance

.artifi:ial inrelligence and the human compurer
inærface 

_a high priority for the European
defence. Ignoring the iniormation abundance
a.s one of the major obstacles in human deci_
sio¡ making wilt ¡esult in a com¡nar¡d -a.on_uol process that is more ar¡d more instinctive
and less cognitive.

Because of the complexity and inhercntly
subjective narure of command a¡d control,
huma¡¡ analysts a¡d comnanders necessarily
have to interacr closely with the systems that
supporr them- Al-æchnology playJ an impor_
tant role in assisting the asseisment of siiua-
tions and the evaluation of possiUle courses of
action of own forces. Dcciiion support of an
inælligent sysrem interacting *¡iti 

-" 
corn_

gander will largely be based however on the
doctrine tbat is put into the system, the human_
computerinterface and the commanden judge_
ments. It is re¿listic to ¡tssume that aoctrine
can't 

-exprcss every situation development
acco:d.ing to a certain course of action in full
detait. In other words the system t 

^ io nll ¡n

purpose.

figure 1: Comrnand ancl Cont¡ot paradigrm.

. The facton available time on the other
þ-O,. 

r"y provide a way. The availability oftlme to create a plan or to take decisions has



the gaps in terms of uncertainty and incom-
pleteness of information in interaction with the
commander.

INTEGRATING BATTLE MANAGE-

Virtual Environment technology and Bat-
tle Management arc a natural combination.
The battle management system deals with a
virtual world (to reason about the rcal world)
in need of senses to explore it. Virtual environ-
ment technology on the other hand provides
the sense in sea¡ch of a world to explore. The
two have to be merged to discover managing
opportunities that huma¡s previously were not
capable of creating (Smirh 1993).

Of sailing ships and seâlins wax

With virtual environment interfaces,
computers generate total images of terrain,
buildings, phenomena and even life forms that
inhabit the world. Because this infonnation is
in electronic bis, it car¡ be muripulated in
every imaginable way. Virtual Environrnents
a¡e rcvolutionary in that the user can enter the
world being created and explore it with the
scnses ofsight, soundand touch.

The human mind can pnrccss visr¡al rtata
easier and faster than for insta¡ce text i¡for-
mation. Comnandcrs arc looking for rends

rctains, just as pictures ar€ morc easily rEmem-
bcrcd than text.

Inirially one could think of the virtr¡al
rcaüty inærface tbat suprports the commander
who is naking the decisions on how to wage
wa¡. Corn¡nanders will be able to fly over the
battlefield viewing their sensors' perception of
enemy unis and formations. They also will be
able to scc whar forces look like from the ene-
my's point of view. By looking f¡om their side
and positions, they may bener understand the
enemy's immediate intentions. Using the vir-

tual reality capabilities commanders may be
able to expose holes in the intelligence collec-
tion. For instance, when it rnay look thar no
enemy units a¡e in a certain area, it could
become clear that a lack of sensor capabilities
exists.

Recapitulating the above, VE's can buy
the human decision maker the time needed to
shift back from instinctive reaction ro cogni-
tive process in which the creation and evalua-
tion of alternatives is possible. Instinct does
not have to be ignored but can very well take
place in such a process.

Besides extracting and deducing informa-
tion from the world, virtual environmenß can
also be used to extract decisions from the com-
mander in terms of filling up the gaps in the
knowledge of the domain and forcing deci-
sions in the under lying (planning) application.

Of cabbases?

ln ordcr to live up to the requirements
that military command a¡d control is going to
put on the use of virn¡al environments, VE has
still to grow in maturity. Some important fac-
tors to be considercd a¡e:

. Trade-off berween reaction time and the
quatity of graphics (rcsolution, colour,
number of moving objects, etc).

. Usability of viru¡al environment hard-
ware (helmet mounted displays, data
gloves etc.) in ærms of weight, degrees
of f¡eedom, mobility etc.

' The ability of the environment to
dynamically ad¡pt to developing situa-
úons by indepcndently using sensor
infonirarion or information coming
from the user and other applications.

' The ability of the environment to caPturÊ

thc decisions the commander takes in thc

environment.

The first nvo poins are clearly beyond

the scope of currcnt resea¡ch and have to bc

solved by the \IE-industry. The laner two arc



more interesting. It is expected that at least for
the staric information 1tãrrain, buildings etc-)
\{E-technology can gain a lot of 

"u.r"ã, 
g"o-

graphic information system (GIS) research
(Essens et al. l99Z). in which 3D_visualisation
bird's eye vieq line-of-sight calculations etc.
are hor topics.

notron of asynchronous events is related to
real-üme behaviour in that the change of entity
informadon does no¡ always.o-. Jh.n one is
expecting it. This means that when a com-
mander is .walking' through the synthetic
world, the world may be updated. Hence, the
performance of the user interaction with the
environmenr may nor be disturbed by keeping
the environment up to date.

All this may lead to a multi-agenr archi_
tecturc in which virtual environment mainte_

And kinss...

Janes Albus identifies threc levels, or
degrees, of intelligence (Albus l99l) which
arc detcrmined by:
. The_ compuuttional power of the sys_

ten's brain (or computer),
. The

tem
mod

Virtual
Environment

AI
hoblem solving



judgement, urd global communication,
. The information and values the system

has stored in its memory.

Albus roo states that intelligence can be
observed to grow and evolve, both through
growth in computational power, and through
accumulation of knowledge of how to sense,
decide and act in a complex and changing
world. In a¡tificial systems, growth in compu-
tational [þwer and accumulation of knowledge
derives mostly from human hardware and soft-
ware engineers.

It is the second point of Albus's three lev-
els that is of most interest when assessing the
success of artificial systems. It seems that we
are quite capable in modelling the world a¡d to
talk about entities in it. The vulnerabiliry of
the most systems lies in the sensory processing
and qualiutive (not quantitative!) value judge-
ment.

Sensory proc.essins: perception takes
place in a sensory processing system. Sensory
processing algoritbms inægraæ simil¿¡¡¡"t
and differenccs bcnvecn obscrvations a¡rd
expecrqtions over time and space to detcct
events and recognize objects, features and
rclæionships in the world. Sensory data input
from a variety of senson ovcr exænded peri-
ods of time arc fused into a consistent unified
percepúon of tbe state of the world. Dau and
Information fi¡sion is one of the hot topics in
cunent Al-research (e.g. the Inærnæional Data
fusion DemonstratorprojecÐ (Keene and perrc
l99O). The contribution of a VPE ro seßory
processing is tbat the user can act as a intelli-
gÊnt high level sensor using the sensor infor-
mation ¡¡s presented i¡ the \Æ, either to sense
things that machi¡es ar€ not yet capable of, or
to recognizc gaps in the sensor distribution.

Oualitative r¡alue iudsemenh this is the
bocleneck in the applicability of current AI
systens since they discriminaæ between what
is good and bad, rcwarding and punishing,
imponant a¡d t¡ivial, certain and improbable

by means of quantitative measures. Value
judgement is needed in both the evaluation of
the observed state of the world and of the pre-
dicted state resulting from planned activities.

It is true that quantitative judgement
tends to shift towards the direction of qualita-
tive judgement by using: probabilities of cor-
rectness, believabiliry and uncertainty
par¿rmeters. But the judgement still is made on
the basis of quantiries. As every professional
chess player can assure you, the atfractiveness
or repulsiveness of a chess move is not judged
by some numeric calculation but merely by the
vague notion of quality.

One of the problems with understanding
quality is that on needs a qualiøtive judgement
of the literature dealing with this notion, e.g.
(Pinig 1974) and @irsig t99l). But it has
clearly 5e¡¡gthing to do with experience, some
quantitative measures, and the current state of
mind in which factors like: confidence, uncer-
tainty, pleasure, pain, success observed, suc-
cess expected, hope, frr¡stration, despair, fear,
etc. play an important role.

Quatity is irrarional in the *.y on" .L
not assign metrics to ir. But in decision making
it often behaves as the final touch after the
rational decision making where quantities
forrr tbe basis. It is exactly tbere wherc VPE's
can enhance the intelligenr behaviour of artifi-
cial decision making processes by using the
human qualitative reasoning capabilities. In
other words AI rnay be used to determine dær-
native courses of action which can be
scnted to uscr. AI can even add its
judgement to each of the alternatives.

TRAINING VS. REALITY
Ideal command & control systems should

be their own training devices. The only real

difference is that the system is not coupled to

the red world but uses a simulator for scnsor

data. As a good C3l-sysæm provides views on

different echelon levels (i.e. management &

Pre-
own



Another intriguing possibility of \fpE,s isthe capability of concepr validation. When
searching for solutions õn, is rcstricted to a
solurion space which is defineO UJ ne con_
cepts one defines æ valid. In othér words a
valid solution is only valid if the sysrem which
has to execute that solution 

".""p,. it. 
'

Sometir¡es it car¡ be very ha¡d to find avalid solution within those boún¿aries. In fact
the s weü be to alterthe sys_
tem
defin 

solution in the newlymay ;"i#illi*îiï
armourcd infantry but after 

"x"rniiiog 
the the_

at¡e of opcrations it rnay become cleai tfrat tte
use of.helicopten would be very nice. The useof helicopters however is nor *t"*d- in the

used tben to develop
use of rapid-reaction

ide the st¡nda¡d solu_

coNcr usroNs

P: increasing volnme, divensiry andcomplexity of the available data, paniãy dueto the application of tbe ¡nfororåËoo tËfrool-ogy pushes the limitation of comprchension
and 

$s-oætion of human decision ,ilrrs. fni.coupled to the
humar¡ decisio

operator) these views can be used by trainer
and t¡ainee. Again VpE's offer an excellent
opportunity for uainer and rainees to partici_
pate in the same problem in different ¡oies.

Besides Training and command & con_trol, VPE can offer another important i"",ur.
namely: briefing and debriefinj via uisualiza_
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