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Block #19. (Continued) 
I 
'--\.for system atrengtn, aobility, vulnerability, snd detection. 

lt•-level aodeling aust evolvtt in a number of crucial waya. Firat, high-reaoJ.ution 
ainulationa •re required to provide supporting data for deatan/opt:laisation. Second, an 
ibtegrated collection of multiple high-reaQlution aiaulationa auat exist ao that deaign 
tradeoffa, robustness, and countermeasures can be aaaeaaed. Finally, battlefield measures 
of effectiveneaa, derived from aupport of aodela in Levels 1) throuJh 5), auat provide the 
aetric for the design tradeoffa available in Level 6). . f~wGrd~: ~ fD r ~- L /(," 

In this paper we will diacuss the ateps currently uaed to define and analyze future 
Army systems; we will find the approach aore eubjective than need be. We will propose a 
technique by w~ch quantitative ayatm meaaurea of effectivenea• can be waluated within 
the context of a Unit-Level wargame. Through this approach the varioua aspect• of syatem 
performance can be analyzed for their contribution to overall aiaaion effectiveness • 
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I. IN'l.R.ODUCTlON 

Th• objective of th• Aray aata~i•l acqui•ition proc••• can be •tated quit• 
•imply: to •upply the Array with equipment which will optiaally 588i•t in 
winning future var•. Given that goal, how be•t can w dacida what equipMnt 
and •y•tem• to build and what their characteri•tic• ought to be? 

lefore exploring po••ible anaver• to that que•tion, let'~ li•t th• aajor •tep• 
in the acquhition of an itn·l•v•l •Y•t .. , which w take h•r• to .. an a tank, 
a •i••ile •y•t•a, a aolf ·propell•d howitzer or •oae aiailar it... They are: 

A) Defin~ the t&eed for a given it .. (•yst .. ) 

B] Define the optimal characteti!'tica of that •yatea i.e. how to 
•ort out the benefits and burden• of varioum option. 

CJ Po•tulate •p•cific •yat .. deaigna and analyse in detail the 
degree to which candidate deaigna ... t the criteria of BJ 

D) Build, test, and aodify the prototype to ••• whether CJ 
(developed in theory) can be actualized 

E) Build the invento17. 

What kind of rational tool• doe• the Aray have that aight be umed to addr••• 
steps A) through CJ? Various var g ... a are available, each addr•••ing a 
particular level of battlefield integration. Froa top down, tho•• level• are 
1) Theater, 2] Corpa, 3) Divi•ion, 4) Battalion, 5) Unit, and_ 6) It .. (On•­
on-One). The focus of thi• paper i• on th• requir ... nt• for lt .. ·Level 
Modeling, level 6). 

It la thia level at which individual weapona are aaained in areat••t detail.; 
thh include• the diverse upe,ta of vulnerabi.U.ty, aobility, atructural 
integri~y. aignature, and lethality. Thia level abould play a central role in 
developing •yatea concepta, deaian optiaisation, evolvina battlefield 
atrategies, and logistic• planning. 

It can be seen that in level 6), !tea-Level Kodelina provide• the rational 
techniques by which step CJ of the it .. ·level acquiaition proceaa can take 
place. It would appear, tnen, that atepa A] and I), th• definition of the 
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a•n•ral and apecific characteriatlca of ayat•• itaelf ahould aria• froa th• 
hiper levela in an analytic hierarchy, 5) th• Unit level and above (levela l) 
throuah 4] ) . 

In thi• paper we will diacuaa how ayat• concept• are develo-ped in the Array 

today, where we perceive ahortcoainga, ·and what aiaht be done to addreaa th• 
ahortfalla. 

11. STATUS QUO 

How do•• the Aray currently aort throup atepa A] throuah I) in th• 

acquiaition proceaa? W• ••••rt that currently th• choice of a particular 
claaa of end it .. (atap A]) ia aade by ••••ntially a aubjectiv• proceaa. It 
i• decided that •The A.ray needs a new Infantry Piahting Vehicle (ll'V).• Thia 
declaion aay be subjectively influenced by var a-• run at levela 5) or 
higher, but to th• 'beat of our knowl•cSae, for exu1ple, there i• no unit-level 
aodel which baa 'been de•igned to aort through the ayriad of optiona for 
seneral ayat .. definition. 

When it co .. a to iaaue I], defining the optillal characteriatica of the fuzzy 
•Y•t•• defined in •t•p A], there do not appear to be aora objective toola. 
For axaapl•, there ia no unit-level aodel that baa been confiaur•d to a••••• 
th• battlefield effectiveneaa of trva aa a function of the dozen or ao aoat 
doainant •••urea of ayat .. perforaanca. lather, at an early concept• atq•, 
ayatea apecif 1cationa are a•nerated by a COllllittee of expert• for varioua 
aapecta of it••·l•v•l aubayat... If the iaaua ia a Il'V, a panel ia foraed of 
araor, aobility, and veapona expert•. Invariably, each expert propoa•• 
apecificationa f~r hi• area cf experti•• 'baaed on hia perception of the 
highea'C achievable aoala, irreapectiva of the required 'benefi~J or iapli•d 
burdena that auch an proc•H entail•. Tbua eya~ .,.cificationa aria• baaed 
on what technology can provide on a dlacipllne by dlacipllne bade, not on 
what the actual benefit• could be achieved 'baaed on an intearated •y•t•• 
appro4ch vhich reflect• opti .. l de•i&n criteria. 

'ftaia iaode of operation haa a number of unfortunate raat.ficationa. One area 
that baa gotten little attention until recently ia loaiatica aupport. Syat .. 
acquiaition haa been approached aa tho\Jlh unit purcbaae coata and 81.lbayatea ~y 
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aubayatea performance were the key dr1v•r•. In fact it 1• n~v recoanized that 
th• lifeti .. log1at1c co•t• and the accompanyina iaauea of reliability, 
availability, and •intainabiU.ty (IAll) are th• key attribut••· Today'• 
co•ittH·d•claion approach for ••ttina •Y•t• apecif1cat1ona (1.aaua I)) la 

incapable of dealina with th• iaau~, •Should a modem battle tamt have a crew 
of three inatead of four~··; or •should th• next IFV trade three tc;1ia of araor 
protection to gain an increaaed top apeed of 15 11pht" Th• forater queation 
rai••• queation• about poaaible reduced effecttvena•• for a up1cific (tank) 
ay•t .. , but th• advantage of apreadina th• •- number of troop• over a 30t 
lncr•••• in th• nuaber of vehicle• ia never addraaaad. The latter quaation 
po••• a typical Operatlona Reaearch/Sy•t ... An&ly•i• (ORSA) conunctrua. Ve'd 
lib to have both hi&h protection and hip 110bllity, but the reality of all 
our ay•t••• i• that they are constrained. And th• conatrainta are many; coat 
i• one, weight la another, a1&• (to fit on a C 141) la anQther. Velpt (of 
araor) halpa in protection, but hurt• in 110bility. The aynergiau and 
conflict• are •ny, and probably th• by aapect of thla probl• la th• manner 
in which ayatea integration tak•• ~lace. It'• unfortunate that th• 
integration proc••• 11Uat rely ao heavily on a aubjective approach. 

What about atap C] of the acqulaition proc~••T Hara th• Army t•~ to do a 
bit better. Although we have incoapl•t• and pr•doalnantly aubjer.tive ay•t•• 
apecificationa to work tovarda, .. ny aapect• of projected performance are 
examined. Dedgn factor• involvina chaaab •trenath, 110blU.ty, ar110r 
protection, fire control have tended to &•t blah acrutlny over th• year•. 
Other factor• auch •• ayat•• de•ian practice ao aa to achi~ alnlllal 
detectivlty in the battlefield have received little or no attention until 
recently. 

A •ignificant factor in th• ability to perfora detailed ayat• analy••• in a 
ti .. ly fa•hion baa bean the ... ra•nc• of new aet of hip-reaolution 
engineering tool• built around Computar·Aided Deaian (CAD) technique• . 
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Th• aubject of an ••rlier AOlS paper1 the key th ... ia that th• areat aajority 
of current ayatea analy••• require detailed thr••·dlmenaional &•om.try in 
order to be performed. Quaationa relatlna to •J•t• wt.pt, protection. 
aipatur•, etc. all are baaed in part on a•oaetry (and acc011panytna aaterlal 
properti••) and varloua upecta of perforaance. 2 • S Althoup euch analytic 
tool• are not unlveraally uaed, th•r• la a rapidly arovtna avareneaa that they 
are lnereaatnaly required to atve both th• required 1r•claion in aany 
iav.ati1ationa and th• ability to perfora ayat .. int•aration and tradeoffa. 

Th• expected reault of proc••• C] ta, at ber ,t, a loo•• daaip of a ayat... ao 
that th• real aapecta of inte1ration are left to the prt.e contra~tor to aort 
out. Finally, a prototype ia built and teat•d aaainat the (lncOllpl•t•) 
criteria which have evolved ln phaaea I) and C). 

111. AN IXAMPLI 

To underatand better how ayatea definitions and requir ... nta are foraulated 
today. ve dtacuaa a aet of ayateaa now unc.ter conaideration by th• Aray, Th• 

* . Arllored Faaily of Vehicl•• (Ari). The I.ray la now faced with a ••t of 

1. P. H. Deitz, •solid Geoaetric Kodellna - th• Kay to Improved Materiel 
Acquiaition froa Concept to Deployment•, in th• Proc--41116• ~the ZZII 
Annul lfeetJ.ng of the Ar9f Operation• Re•Nl'Cla S,-,o•i•, S·5 October 
1983, Ft. lAe, VA, pp. 4·243 to 4·269. 

2. P. H. Deitz, •rredictive Sipatur• Kodellna via Solid C.011etry at th• 
lllL,• Proceeding• of th• Sixth at& Syapo.si1111 on Ground Vehicle S,tan.ture•, 
21-22 Augu.at 1984, Houghton, Kl. 

3. P. H. Deitz, •11ode1:n Collputer•Aided Tool• for Hl&h-1.eaolution Veapona Sya­
t.. lngineerin;, • Proceeding• ~ the CAD/CAif lfini·S,..,0•!&111, lt'rAG 14, 28· 
29 Novellber 1984, Seattle, VA, pp. 23-42 (P\lbliahed by US I.ray Induatrial la•• lngineerina Activity, lloek lal.md, IL.) 

* 'ftl• atudy of th• AFV requlr .. nta la bein& lad by Syat... and T•chnology 
Planning Office, TACOK. th• author wt.aha• to emphula• that th• uae of 
thia particular proaraa to illuatrat• percei-..d ahortcoainga in th• pro· 
cur ... nt proceaa ia not •ant to reflect neaatlvely on the pro1r ... 
Throu&h hia paraonal lnvolvaaent in t:he AFV •tudy, he can attest that th• 
th• S&T Planning Office i• wll aware of th••• philoaophlc probl .... 
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deciaiana about how it will d••ian and conatitut• it• futu~• fleet of around 
fighting vehicle•. The philoaophic departure for current future ayat ... i• 
taken froa •Army 21, A Concept for the f\lture•. 4 Arsy 21 la the US Anly'a var 
fighting concept for th• early 2bt Century. Follovina an overview of th• 
future field of conflict, it aivea • liatina of th• future fore• 
characteriatic1. so .. of th••• are &iven in Fil'lr• 1. lach of th••• deaired 
future force characteri1tic1 i• attractive and deairable. Aa noted earlier, 
th• reality of •y•t .. deaip require• that difficult deciaiona .at be .. c1e on 
COllpeting attribute•. Alao aa noted before, there la no rational, 
quantitative ••t of .. trica baaed on a war .... aoenarlo which actually 
refl•cta optial&ed attribute• in teru of a •aocleled• I.ray 21. 

Furthermore, Aray 21 focus•• on technolo&Y baaea which provide aupport to 
achieve future •Y•t•• raquir ... nt•. Th• identifiad capabtliti••/technolo&i•• 
are given in Figure 2. Army 21 atatea5 that •there 1Nat be a thorough 
a••••• .. nt of th• overall benefit• of th• technoloay before apecific aaterlal 
requirement• can be developed.• Th• doc\laent further atatea that •to aak• Army 
21 achievable, the AMC/TRADOC partnerahip IN8t create a diaciplinad proc••• 
for incorporating the Aray 21 philoaophy throuabout th• .. teriel developaent 
cycle froa thia point on into the 21at century.•6 

To return to the AFV planning proc•••· a (loo••) ••t of deaign critaria have 
been inferred froa the acenarioa implied by Anly 21. An O&O Plan6 thus 
further diatill• Army 21 to provide tachnolo&Y auictance and thraat/deficiency 
definition•. In yet another f~ntally aubjective atep, a Spacial Study 

4. Draft verlion prapared by the USA Training and Doctrine Co-and, Ft. Kon· 
roe, VA. 

5. S•• reference 4, page 5 . 

6. •Draft Umbrella: Operational and Organisational Plan for Araored r .. ny of 
Vehiclea•, final draft prepared by the USA Training and Doctrin• Comaand, 
Ft. Monroe, VA. (Auguat, 1985) 
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a. Saa.ll. aelf-aufficient or1anlsationa 
b. Hi&h aobllity • countemobllity 
c. Firepower int•ll8iv. 
d. IA•• .. npovar reliant 
e. btr ... ly •all• - quick dieperaion and aaasing 

capability 
f. Capable of fluid, continuous operatlona 
&· Rapid atrateglc deployability 

. 
a. IA•• fuel coll8uming • ener&Y efficient 
n. Stealth equipment (reduced. multiple or atand-of 

aipatur••) 

t. COIMlonality of equipaent 

Fiaure 1. Example• of the General Force Charaeteriatica •• Given 
in •Aray 21, A Concept for th• Future.•(S•• reference 5. 
pp. 5·1 to 5-2) 

6 
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a. Firepower -

b. C3I ~ 

. Lethality 
Extended Range 

. Smart Sensors 

. Fire Control 

. Robotics 

. Comman4, Control, and CollllllUl'lications 

. Intelligence 

c. Mobility -
Light Veight 
Miniaturization 

. Navigation 

. Robotics 

. Common Platforms 

d. Survivability -
. Detection 
. Hit 

e. Support -
. Supply 
. Maintenance 
. Transportation 

. Propulsion 
Countermine 

• Gap/Obat•cle Crossing 
. Countermobility 

. Vulnerability 
Repairability 

. Field Service• 
• Simulators and Training 
. Devices 

Figure 2. Technology Bases Which Support the Future Requirements 
(See reference 5, pp 7-3 to 7·4) 
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Group, Armor, developed the following deaign objective• for the AFV: 

a) Maximum Component Commonality 
b) Common Vetronica7 Architecture 
c] KaxillUll ·:,'baaaia Comonality 
d) Multiple Syatem Capabilitiea 
e) Modular Capabilitiea 
f] Common Signatures. 

Here again. although the AF'V O&O provide• aome goal• which offer payoff•, 
there ia nothing in· the way of quantitative ayatea criteria that can used as 
concrete objectives in the ayatem deaign proceaa. 

For example, objectives a] through d) aeem to be reasonable goals, but just 
what, for example, is •Maxf.nNm Component Commonality• and for what criteria 
does it occur? Other questions arbe. What are the benefits and burdens of · 
using a common chassis(•) and turret-ring variants to addreas the 29 or so 
identified battlefield missions vice generating 29 aeparate, individually 
optimized designs? Ignoring for a moment coa~ factors (which are a major 
influence), we seek an analytic •acenario• into which we can place candidate 
•optimized" and •comproaiaed" designs to teat effe~tivaness. However 
currently, we have no (quantitative) mea•ur•(•) of •y•tem effectiveness. 
Other questions can be raised. Why ahould we have c01111on aignaturea? Why not 
have minimal signatures where reaaonably achievable and the payoff ia there? 
Further, within each signature band, why not randomize the aignala ao aa to 
aake target claasification more difficult? Again, there ia no way to teat 
this hypothesis. since we have no quantitative metric which reflects the 
acenario(s) for which we are presumably deaigning • 

7. Vetronica (Vehicle Electronic•) is an initiative to integrate. advaneed 
electronic aystems using bus concepts for data and control . 

8 
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IV. TOWARDS A MORE RATIONAL DECISION PROCESS 

Clearly, the establishment of quantitative ayatea deaign criteria ia a 
difficult and challenging problem. Thia i• due to a number of factors 
including the high dimensionality •• well •• the general interdependence. How 
can this situation be approached? 

,.. an approach to analyzing complex ayatema Deaton baa reviewed aome methods 
which can be characterized as •ubjectJ.\ra in nature. She aaaerta that8 

"Decision making can be divided into four phases: (1) recognition 
of a decision problem and definition of its natur& and dimensions, 
(2) probability measurement, (3) ~utcome evaluation, i.e., how good 
or bad the outcome is, and (4) choice - uaually the alternative 
which has the highest expected value or which returns the most 
value pe~ unit cost.• 

In addition, techniques such as task decomposition can assist in the analysis 
9 of complex processes. 

"Dec~mposition . . is describeo 3 apecification of choice 
alternatives which are usually defined as a aet of consequences 
following from the alternatives. At this level, utilities are 
assigned to the outcomes, and expected utilities are computed for 
course of actions.• 

This process of decomposition can continue to lower levels. As this process 
continues, complex tasks are are resolved into ailllpler aubtasks. However, 
these processes often involve probabilities and effects which are unknown to 
the analyst. This is the case we a~e presented with here, without some 
analytic ext•nsions to current war game capabilities • 

8. M. D. Deaton, "Utility: Recent Theory and Some Applications,• U. of Wash 
Tech. Rpt. 76-4, Sept. 76. 

9. See reference 8 . 

L _______ w---·--~· -------.n;;a ..... ____ _ 
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However, it baa been aaaerted by ShepardlO 

•Becauae there ia aerioua doubt that un baa the ability to proceaa 
infol'llation involving large nuabera of diraenaiona, prucedurea 
requiring overall judgment• of worth for complex atilluli are 
unsuitable for .. ny real world problems.• 

Thus we auat aeek technique• which at leaat aubatantially reduce the 
1ubjectivity involved in aetting ayatea definition and design criteria for 
weapons. Ve now propose an approach with just auch a goal. 

A. Probability of Mission Effectiveneaa aa a Figure of Merit 

!.et us define a battlefield aystem, S, which ia characterize.d by N 
quantitative Measures of Performanc• (MoP). Typical KoPa might be the 

* magnitude (in mm equivalent llHA) of ICE protection for horizontcl attack , the 
magnitude of system radar cross section (in aq ... which relates to the 
probability nf detection in the battlefield), the aobility of the ayatem (top 
speed, agility), etc. Figure 3 lists ~oae ex.1Plea ~f KoP that might be 
relevant for an IFV. Next, a unit-level var game (lJIJlG, Level 5, Section I.) 
must be configured so es to reflect a particular acenario according to the 
syate11&, strategies, and deployments implied by Army 21. Thia is done with • 
specific missiou in ab1d. A particular miasion aight require an IFV to 
trave~se from point A to point B within some uxiaua time and, when reaching 
Point B, successfully employ ita main armament to destr~y ~ particular target. 
The UL\lG must include tho N dillenaiona by which aystem S is to be 
characterized. Next a set of value• i• choaen for each of the·N MoPs, and the 
progress of ayatem S to the goal (deatruction of a target upon reaching Point 
B) is follow•d. If System S with the given ••t of MoP• accomplishes its 

10. R.. N. Shepard, •0n Subjectively Opt111\m Selectiom Aaong Multi-Attribute ;~ . j 
Alternatives," in M. V. Shelley and G. L. lryan, Human Judpent• and 
Optimality, New York: Wiley, 1964, ~P· 257-281. 

* RHA stands for Rolled Hoaogeneoua Amor; ICE stand.a for kinetic · Energy 
round, one type of antitank warheads. 

10 
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MoP1 - Mobility/Improved-Road 

MoP2 - Mobility/Rough-Terrain 

MoP3 - Magnitude of CE Protection/Horizontal 

MoP4 - Magnitude of CE Protection/Vertical 

MoP5 - Magnitude of ICE Protection/Horizontal 

Mor6 - Magnitude of ICE Protection/Vertical 

MoP7 - Pr~bability of Visual Detection 

MoP8 - Probability of Acouatic Detection 

MoP 9 - Probabll.ity of IR Deteetion 

MoP10 - Probability of MKV Detection 

MoP11 - Magnitude of Neutron Shielding 

MoP12 - Number of Crew Member• 

MoP13 - Lethality of Main Oun 

Figure 3. Examples of Meaaurea of Performance (MoP) for a Particular Syatem. 

11 



aiaaion, the aimulation ao note• it, and repeat• the aiaaion with the aame N 
MOP value• but with a new ••t of atochaatically drawn par ... tera for the ULWG. 
Thea• would include hit probabiliti•• of red ayat.... weapona effecta, 
detection probabiliti•• of red aurv~illance ayat ... • etc. After aany 
iterationa, a probability function would be aenerated for Syatea S in thi• 
apecific acenario for th• Probability of Kiaaion lffectiven••• (PK!), where 

and the prillea (') indicate th.st !Kl bu been calculated for one ••t of KoPa. 
A value of unity means that the miaaion ia accoapliahed lOO• of the time for 
the given aet of KoPa. If two aeta of KoPa both yield a NE of unity, the 
effectiveneH between the two ayatema ia indeterminate. The aillulation ia now 

* repeated for many combination• of KoPa ao that a probability function baaed 
on N independent variables i• defined 

PME ia clearly a complicated function which will not be, for example, a linear 
coabination of the MoPa. To the contrary. aa noted above. -ny MoPa are 
likely to be dependent (eg. mobility, weight, aize, etc.). With a PKE thua 
defin~d, not only can the effect of changina; a given KoP be aacertained while 
holding other KoPa conatant, the importance to battle field aiaaion of a given 
MoP can be inf erred by examining the contribution of other KoPa tQ the aucc••• 
of that defined miaaion. 

Having generated a PKE, we can now proceed to the •valuation of apecific 
ayate... A aystem concept can be generated; aa noted in Section 11., the 
actual ayate• ahould be modeled uaing aolid geo .. try techniquea. The N MoPs 
can be generated uaing tool• of the type noted in reference• 1·3. The MoPa 

* We will ignore here the practicalitiea of thia approach including the fact 
that, if poorly formulated, the required .. ount of calculation can become 
intractable. 
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can be plugged into the PME function ao that the miaaion effectiveneaa of thia 
particular ayatem i• derived. 

A9 thi• proc••• ia repeated for a number of apeciflc candidate deaigna, both 
the relative and the absolute value• of competing deaigna can now be judged. 
In addition, by examing the atatiatica derived during th• calculation of the 
PKE function (including the ahape of ita probability aurface in hyperapace) we 
can inf er the direction that deaign philoaophy ought to take in order to 
generate aore effective ayatema. 

It ahould be added ~hat this ULWG must avoid the problema of an overaimplified 
scenario in which only one-on-one or one-on-few are played. Both red and blue 
weapons aystems must be played in the proper mix and at a broad enough level 
of force involvement to &void apurioua reaulta and falae (apparent) 
dependencies. It would also appear that, given neceasary augmentation, a 
number of extant war games might aupport the role of generating PMEa. Such 
candidates might be CAS~FOREM, 11 JANUs, 12 TANIOlARS13 and CORBAN. 14 

B. An Example of Probability of Mission Effectiveneas 

Ve now give a trivial example of this approach in order to make this concept 
more understandable. A mission is defined for a supply vehicle to traverse 
from Point A to Point B. For this example, the vehicle will be characterized 

* by two KoPs, l] Ballistic Protection (MoP1) and 2) Probability o~ Detection 

11. CASTFOREM (Combined Arms and Support Task Force Evaluation Model) was 
developed by the US Array TRADOC Syate .. Analyaia Activity (TRASANA). 

12. JANUS was developed by the Lawrence Livermore National Laboratory . 

13. TANKWAR.S was developed by AKSAA and BRL. 

14. CORBAN was developed by BDM Corporation. 

* This is the probability that a red threat will detect the blue ayatem 
being played parametrically . 

13 
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(KoP2). A• noted above the ULWG i• configured ao that the appropriate 
threat•, terrain•, and red/blue atrat~gie9 are included. Rext, a level for 
KoP• one and two are choaen and the aiaulation exerciaed atochaatically. At 
that point th• PKE i• defined for that pair of KoP valuea. Thia proc••• la 
repeated for each tair of KoPa for all range• of intereat: a 1111 i• thua 
generated as a function of two-apace. The reaulta of auch a calculation llJ.ght 

look aa ahown in Figure 4. '11\e three dimenaional curve illuatratea that the 
probability of misaion •ffectiv•n••• (PKI) increaa•• u lalliatic Protection 
(KoP.) i• growa; PKE alao increaaea aa th• Probability of Detection (KoP2) 

4 + 
decreaaea. '11\e hotizontal line• on th• a~ope of the curve indicate level• of 
constant Miaaion Effectiveneaa. Mix•• of th• twc KoPa on auch linea illply 
equal effectiveness. 

From auch a function the actual tradeoffa between protection and detection can 
finally be understood in the ~ontext of an actual battlefield scenario. 
Through generation of a PME function, the benefit• of arbitrary aixea of MoPa 
can be interpreted. It ahould be recognized that any aixe• of apecific K ,,. 
that might be uaed to calculate a PMB •7 not be practically achievable. That 
doe• not lessen the value of the exe~ciae, becauae thla tool would give the 
ayatem designer guidance in the direction that hia effort• ahould take. The 
conatrainta of actual technology coae to bear when apecific deaigna are 
created and analyzed. If the individu.al KoPa are calculated uaing rigoroua 
analyaia aupported by solid geometry, then that particular deaign repreaents a 
valid -point in the domain of the PME. The aet of all such dealgna in which 
valid technology and analyais is perfol'lled will then represent the •ubset of 
the PME apace for which we can reali•tically develop ailita1y ayateaa. In 
addition, the development and analyaia of such PKE• could point th• way 
toward• the development of high-payoff technologiea. We note further that a 
number of PMEs can be generated for a given ayatea, each representing apecific 
mission roles that it ahould be capable of aupporting • 

+ With respect to the MoP1-MoP2 plane . 
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Figure 4. Th• Probability of Miaaion Kff•otiven••• (PNE) •• a 
function of the Nea•ur•• of Kffectiven••• (MOP) Balli•tic 
Protection(MOP1 ) and Probability of Detection (NOP ). 
For thi• •iaple two-paraaeter •Y•tea, ai••ion •f!e~tiv•n••• 
incr••••• with balli•tic protection; it deer••••• with increa•ing 
probability of detection. The horizontal lin•• on the •lope of 
th• ourv• indicate l•v•l• of con•tant Ni••ion Bffectiv•n•••· 
Nix•• of the two t-<>P• on •uah lin•• iaply equal effeativen•••· 
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V. SUMHAllY AND CONCWSIONS 

W• have briefly reviewed the way tn which the Army apecif 1•• it• need8 for new 
•y•t•• M wll a~ tb.e •peciflc requir-nta for tho•• •)'•t-, It .... , 
clear that current procedure• are ov.rly dependent on aubjective input for: . 

• Definition of aeneral it .. requir ... nta. 

• lffectlwne•• criteria b) •ana of which to fooua the technical 
aix of ayat .. performance characteriatic•. 

• Appropriate quantitative analy••• !or aome aapecta of ayat .. 
performance. 

Since the ayat.. deaian aoal• are invariably not well defined or 
quantitatively apecified, it'a often d:t.fficult to identify crucial cleaign 
aapecta which ought to be th• focua of principal reaourcea. 

We believe th••• ahortfalla can be addreaaed by davelopina objective 
technique• in which battlefield acenarioa are cOllbined with •p•cific aiaaion 
objective• in th• context of a Unit-Level var ..-. lt •e... poaaible that 
auch a capability cm. be achieved Wo\l&b aupentatloa of one of a number of 
extant aoclela (e.g. CASTFOaEK, JANUS). ly tllia approach, one of which waa 
aketched in th• previous aection, we believe that quantitative K•aaurea of 
Perfonance c~ be related to Miaaion lffectiveneaa. W• believe that auch an 
approach would bring 1tt1re credible acrutiDJ to competi~ Army ayatea concepta. 
It would alao ident.ify high pa!~off aupportini tecbnoloaiea wile pointin& the 
way towarJa optillal 4"~!gna of th• future. 

16 
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lngin••ring Activity, Rock laland, IL.) 

4. Draft veraion prepared by th• USA Trainlna and Doctrine Comaand, Ft. 
Monroe, VA. 

5. See reference 4, page 5. 

6. •Draft Umbrella: Operational and Organisational Plan for Amored r .. lly of 
Vehiclea,• final draft prepared by the USA Training and Doctrine COllll&lld, Ft. 
Monroe, VA (August 1985) 

7. Vetronics (preaWlably Vehicle Electronic•) ia an initiative to integrate 
advanced electronic syat• .. U8ing bU8 concept• for data and control. 

8. K. D. Deaton, •Utility: Recent Theory and Soae Applicationa, • Univ of Vaah 
Tech Rpt 76-4, Septeaber 1976. · 

9. See reference 8, page 9. 

10. R. N. Shepard, •0n Subjectively Optiaua Selectiona Amona Kultl·Attribute 
Alternative•,• in M. V. Shelley and C. L. lryan, Buman Jucf.-zt• and 
OptJ.malJ.ty, Nev York: Viley, 1964, pp. 257-211. 

11. CASTFORIM (Coabined Ania and Suppo'.t't Taak Force IYaluation llodel) vaa 
developed by the US Army TRADOC Syat ... Analy•i• Activity (ftASANA), 

12. JANUS vaa developed by the Lawrence Llvemore Rational Laboratory. 

13. TANKVARS vaa developed by AMSAA and llU.. 

14. CORBAN vaa developed by IDK Corporation. 
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