


Fig. 5.MCOQ produced by SME-1

primary avenue ofaproach. Sinde headed arows denote
the seondary avehues of gproach. Te boxes represeit
engaenent areas ad the smaller baxeswith lines ndicae
naned areas of interest (NAIsThe reallts of the analgis
completed auomatically by our terrain amlysis al@rithms
are stown along sice in Figure 6. The regions marked with
an X represet engagerent areas. An aow with a solid
headdenotes he primary avenuef agproad while an arow
with a clea headdenoteshe secondey avenue of goproad.
Our aalysis chose the sanprimary avenueof gpproach
as SME-2. This avenue of approach eincided with SME-
1's choice as secondanAA. This disaepancy betveen the
program and SME-2's coice of he “Eastern route” and
SME-1's dhoice of the nore drect“Southern route” gppeas
to lie in the SMESs’ prior commashexperierces. Of the two
paths circledin Figure 5, tle ane closest tothe bdtom of the
mapis the nost caralizing. SME-1 indcatedthat althogh
this made the path more dangerots, the shater path to the
objective nade the addedisk acceptable. This reasning
was not avadble to the protam becaus path length is
consiceredonly indirectly throughits affect onresistacein
deermining raaking. The areenent betveen he program
and SME-2 stows however, that even its currenistageof
developmert our auomated terrain analysis ie@rtified
averues of gpproach within the rarge of variaton anong
human SMEs fa this map. We hge to include facilities to
allow users @ interactiely adust cast functions to expess
sud value judgments in the nextversion o our oftware. A
sdution as simpe as a slid bar with safety @ one endand
speel on the othe would dlow the use to indicae the
desired balance by positioning the slide bar to nodify the
weight given pathlengh in pathresistace calclations.
There is good corspondace betwee our selections of
NAI's with those 6 the SMEs. Havever, the SME is Imited
by the grawlarity of the mep. A physical map canmt be
“zoomed in” o find sone feature that doesot appear at the
resdution used forprinting it. Our algoritims, howeer, can
calculate line of sightetwea engagermnt areas andheir

Fig 6. Automated MCOO

Figure 5 deicts the major anrotations made by SME-1 on
the MCQO overay. The doulte headed arow indicates tle
suroundings with high precision from high-reslution
elevation data. Forthis reasonour algoithms aso produce
more candilae NAI's. Of the eght NAls identified, three
were found by both SMEs and he program two were
idertified jointly by SME-1 and the praram, one was
idertified by both SMEs bu na the program ard two
singletons wee found, one by SME-1 ard the oher by the
program The program again fell well within the range of
variation of the SMEs ratching more of the NAIs i@ntified
by SME-1 tken dd SME=2.

. There is an eact caresponérce between SME-1s choice
of engagenent areas ad our algorithm’s tp 3 seécions.
The algaithm’s 4h selectim, the clbsestto the bdtom of
Figure 6, is positioed slightly differertly from this expert’s
final chace. Ths is kecawse our program currertly tries to
pick candidate regions for engagenent aress so that they
contol as many approachess possble. The SME realizd
that two of the three paths ertering this regon had alreag
been overed by previous engagenent area chaies. his
suwggests hat we slould consicer topdogy in the selectia of
canddae ergagenent areas. Qrrenly topology is only
corsiderad for culling te cardidae engagenent aress.
SME-2 chosea single agagenent areathat wasanong
thosechosen by SME-1 and the program  The discrepancies
in SME-2’s overlay seerto sem from an early choicef an
extrene Eastern phtas a secondey route. Becase he
“Southern route” was notchoen NAls and @gagerent
areas along itpathwere mnsdered less cbsely.

Trial 2

The two SMEs fran Tria 1 together with a third less
experienced intelligence officerwere askd to fill in MCOO
overlays for four additional maps. Thenew maps wee
selectedo investicate less castraining terrairs andincluded
a largelyfeatureless dese aflatarea dvided by a river, and
two mixed naps with both highly constained regions and



large open aeas. Peformance and greenent wee poorer
thanfor the highly constrainedterrainused inthe first trial.

Seveal SMEs commented that the dese map, in paticular

didn't give them anything © work with. The dsert and

river maps cawsed difficulties for the progam as well
because they lackebet obstales needd to define ragionsin

the Generalized Vorona diagam. Althouch there was less
ageenert among SMEs thanin Trial 1, tre pogram’s
MCOO dierged fom the SMES’ even more than they di

from one amother.  Agreement with the poogram was
strongest for the mixed neaps where pogram and SMEs
agreel closey on NAs and egagyenent areas wthin

corstrained areas ofthe mep but diverged for more qoen

areas. In thesope areasas in the desert and rivenaps,
the atserce of archoring dostacles led to identifying

ovesized agagenent areas and wrecllehavoc with the
culling aborithm which was caofronted wih many
uninformative intersecing regons ddined by distant
obstacles. Our expence wth these spaa maps suggest
that a dvide and conaqer stratey will be neeckd to

auomate IPB.

FUTURE DIRECTIONS

The cicuit-based anajsis of movenent is the key concept
behnd our approach b automating IFB. Trid 1
demonstrated tfat in well constraired terrain @ing obstacles
to ddine a GVR can provide a noedel of moverent
resenbling tat of a human expet. In open terrain, by
contast the best pah is not defined by awiding obstacles
but by choosng sone especially low resistance pht
Nevertheless here was substatial ageememn among the
SMEs
DISCUSSION

Our work in terrain aralysis is ltimately mear to inform
high-level information fusion. Only by captiring the cantext
within which targets are idrtified and trackd can we
attribute intert to their actiors andguess atvhat elsemay be
out there that we havenot yet seen. Our early succes in
autonating the MCOO process has exceedd our
expectatios and we are now exendng the informal
comparisans preseted here with a ful-fledged validation
effort using a larger sanple of SMEs withvarying levels of
expeaienceand a largerdalection of terrans.
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