WD 2007/ 008186 PCT/ US2005/ 010533 METHODS AND SYSTEMS FOR ESTI MATI NG VWEAPON
EFFECTI VENESS BACKGROUND OF THE I NVENTION This invention rel ates generally
to weapon targeting systens, and nore specifically, to nmethods and systens
for providing a user with an indication of weapon effectiveness against a
sel ected () aRb0Psisp’ tO rel ease. Current weapon delivery gethadalomys{sor
destroying or disabling a 5 target include delivering a |arger armun? of
ordnance than is necessary to the target. The |arger anounts of ordnance
are utilized to account for uncertainty in weapon positioning and

uncertainty in the guidance systens directing the weapon to the target. 1In
ot her words, the | arger METHODS XND ISYSIENES FORINTIRAINPr the probability
that the ordnance likely will_not |and exactly where planned. However,

utilization of larger 10 amunWﬁW%ﬁEﬁﬁﬁ@@’E%@Sﬁts in an increase in the

|'i kel i hood of collateral damage. Sonetines the targets to be destroyed or
di sabled are located in civilian or populated areas. Therefore, it is

i mpor t ant t(BACKGRG@Nb%F!TﬁIEWOI\I& andards for aircraft approach and

| anding in civil aviation incl ntegrity requirenments on the navigation
and positioning solutions provided to the 15 pilot fromvarious flight
systems (e.g., inerti dhinayenjienirelates genceally to @eg)on t/igetingsysieaar ansl raere i n

Phe-cal cuf arsgie Beut ofhedbastol Sein eSS, O it Piciidh btiemsllar o 1

the | ocati oiffeofivenbss againet Bdelectst tdigdt@sipLwirelegsea runway as it approaches the
runway for |anding. For obvious reasons it is inportant that the navigation

and positioning 20 solytions be accurate. The abqve nentioned.fljght systens
S ov e the pi Tt or  IATERE weaRmn S ER BEORIPBA oA BV PRe JUBHEE Fi ¢y hat

the aireraftyjgst inerak Aelivdring RS1aRESAhb @R of bRithfd! tBeh RYndcBRardy!tb GhY tatgedt r ument s
or display systenms. Such indications are sonetines referréd to as position
uncert ai nt i eghe larger amounts of ordnance are utilized to account for uncertainty in weapon
positioning and uncertainty in the guidance systems directing the weapon to the target.
In other words, the larger amount of ordnance compensates for the probability that the
ordnance likely will not land exactly where planned. However, utilization of larger
10 amounts of ordnance results in an increase in the likelihood of collateral damage.

Sometimes the targets to be destroyed or disabled are located in civilian or populated

areas. Therefore, it is important to limit collateral damage.

Standards for aircraft approach and landing in civil aviation include

integrity requirements on the navigation and positioning solutions provided to the

15 pilot from various flight systems (e.g., inertial navigation systems, GPS). Such
standards are in place to provide the pilot with an assurance that the aircraft is indeed

at the calculated position with a high degree of certainty. One such example is the
location of the aircraft with respect to a runway as it approaches the runway for
landing. For obvious reasons it is important that the navigation and positioning

20 solutions be accurate. The above mentioned flight systems provide the pilot or flight
crew with an indication of the probability that the aircraft is located at the position
indicated by the flight instruments or display systems. Such indications are

sometimes referred to as position uncertainties.
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-1 WD 2007/ 008186 PCT/ US2005/ 010533 BRI EF SUMVARY OF THE | NVENTI ON I n one
aspect, a nethod for providing an estimate of effectiveness of a selected
weapon agai nst a selected target prior to rel ease of the weapon is provided.
The met hod conprises receiving a position uncertainty for a weapon platform
receivin ﬂgg'g(;glg uncertainty for a selected target, deperRisRhidd1643s
ability of the sel ected weapon to navigate to the selected target, and
estimating an effectiveness of the sel ected weapon. The effectiveness is
estimated utilizing one or nore of the weapon platform position
uncertainty, the target position uncertainty, the navigation capability of

t he sel ect eRIBABUMMARY OFKTHE INwENTsORor the sel ected weapon. | n other
aspect, a conputer program and a weapons systens are 10 provided. The
conput er program conprises software nodul es for receiving a . positjon
uncertainty for a weaBbPReAsBedtor Methed fdinFpYiding 2p setimate AT Effectivenssholafor a
sel ected tar 131 LLd : WOBR -navi gate to
t he sel ect eg@l@%tgc% g@%ﬁd’namrgélngg? :-Sﬂgcttléér)l{gaké@f?&gﬁtg???gggﬁ(g{stggof thgggéﬁé%{aéd weapon
agai nst t he Thel methed comprigest rectivingest pasiitonngneeftiintyt foremevspomdudtéormt i | i zes

f. pl at f 5 it i nt (ti
incertai nt y GeTGAPLTHoR ABABIITY §oich “HFan, Bt el rmiton B Ao RAbe 1 1)
radi us § orshgcs@hvestownRaR. 1o B fkcRBSERLPTAN etk DROUNIRSs bF gur e 1

is aflowhart illustrating a nethod for estimating an effectiveness of a
weapon. Fi giheseleqted wgapan udhe gffedivendss ik aptratere piilzing ope ommoraed ghe

et or m i ng ieSpbRRARAT oy Bihecnkd o bUBFho e R B2 R i o

capability of the selected weapon, and a kill radius for the selected weapon.

In other aspect, a computer program and a weapons systems are

10 provided. The computer program comprises software modules for receiving a
position uncertainty for a weapon platform, receiving a position uncertainty for a
selected target, determining the ability of a selected weapon to navigate to the selected

target, and estimating an effectiveness of the selected weapon against the selected

target. The estimating effectiveness module utilizes one or more of weapon platform

15 position uncertainty, target position uncertainty, navigation capability of the selected

weapon, and the kill radius for the selected weapon.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a flowchart illustrating a method for estimating an

effectiveness of a weapon.

Figure 2 is an illustration of weapon delivery from a weapon platform

20 to a target.

Figure 3 is a function flow diagram for determining weapon

effectiveness.
DETAILED DESCRIPTION OF THE INVENTION

Methods and systems are described herein for applying navigation and
positioning integrity techniques developed for aviation to determine a position
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Met hods and systens are described herein for applying navigation and
positioning integrity techni ques devel oped for aviation to determne a
position -2 WD 2007/008186 PCT/ US2005/010533 wuncertainty for the tactical
envi ronment. Such techni ques include integrity calculations for navigation
and posit ivpghbg/geeigét i ons (e.g., an uncertainty rel ated to puob&hidbis
position) which are provided to a pilot fromvarious navigation systens
(e.g., inertial navigation systens, GPS). Results of the integrity
calculations provide a 5 relative assurance that an aircraft is indeed at
the calculated position with a high degree of certainty, for exanple,
during an appiceddiftyatfist |thediactizal @Gaeirsmkmte Guchr (e@hniqued dndhadel gitegritp sensor
error which r(Ief | ects the ability of the navigation sensors to accurately
det er mi ne t HRlGuations fag nayisttinm agd pesifipming SQJptions &g+ an urssE2IBRFIe tPang
degree of u VAT [ I er error
source is 18%ﬁ %g&r{fg%c?b%ogb rgv él?c é’f@i?dtvgﬂgs“?gﬁlf’fg%’?wﬁ g?: ni g%¥§%f$§F%F Khis
based upon tinertiabnéavigationf systemf] GER). Reatltsodf thgsintegrifyocalpildtmny provideceur at el y

follow a co nded flight, path,. vigatipn sensor.errors, flight, control
syt om 3rr or Bt eeperasiy ot i tirertil ¥ Foeech B BT BERat 1 on o
posi tion unc@tedioficki®finty [{oe exeRip)e @ariag fn SppréRABNA R8Ik D ele RGBS Bf dritzOr por at e
t he above 15 described integrity calculations for navigation and

posi ti oni ng iErfdnaygatipn sgaser egrgr wWhiclt reflaets the abibityaefcihe naxigaon sensgrsdp weapons
relative to [ 1 1% cl:f ). cal o] gl Yo I Tl .and

gui dance sol %tc ?%%y ggtgh@g?%ﬁ g?ﬁﬁonwofﬁﬁn&g&@\ga%%ﬁéy@glg’t g?ﬁpeutg )Ikatdlléz??rllggt he sane
met hods t hat degree df sacertaintyl @t @ paositivn raportedbgrat GPpstemn Afiather gpws sdurcnisof an

aircraft as above described, Such weapon position and, gui dance.20 sol ution
Petnn dhea® et SSntd ot SiiEt EEREGH cBaT whshus Bised Jore AAHIEN ok fe
weapons not fipROIChREG! &yRtnl 1oL NS t@axdcgﬁ@m?wtaerasmmih@emﬁgﬁﬁi;;aﬂl.of using

the data for the positioning of an aircraft for the delivery of weapons
provi des f or Nagationejensas| asrors ritightf ongrol systeys errors, pietherypsa piash thealiee agabl e use

of smaller yjeld.dRhe @a‘i’&ﬂ&t%n%‘??bs%{& uncertainties.

The methods and systems described herein incorporate the above

15 described integrity calculations for navigation and positioning and apply such
calculations to the accurate delivery of weapons relative to a desired impact area.
Specifically, weapon position and guidance solutions are calculated within a weapons

system utilizing the same methods that are used to determine an uncertainty in the
position of an aircraft as above described. Such weapon position and guidance

20 solution techniques are also applicable to so called “dumb” weapons, which are
weapons not incorporating internal navigation systems. The benefits of using the data

for the positioning of an aircraft for the delivery of weapons provides for more reliable

and effective use of such weapons and enable use of smaller yield warheads to achieve

the same results as in previous weapon delivery methods.

25 In one embodiment, a probability of success for weapons delivery is a
function of one or more of weapon position uncertainty, target location uncertainty,
the weapon’s ability to navigate to the desiredyimpact point, and a kill radius for the
weapon. These uncertainty parameters are analogous to civil aviation integrity
problems and Table 1 illustrates the relationships between the weapon delivery

30 uncertainty parameters and the civil aviation integrity problems.
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errors. Findbtal System Error

Target miss distance | Root sum square of all the errors in the
position relative to desired position.
How close to the target does the weapon
have to land to successfully disable or

destroy the target?

Weapon kill radius

Table 1

Figure 1 is a flowchart 10 depicting a method for estimating an
effectiveness of a weapon utilizing calculations of the above described errors. First,
the position uncertainty for the weapon is received 12 based on a position uncertainty
for the weapon platform (e.g., an aircraft). A position uncertainty is also received 14
for a selected target. An ability of a selected weapon to navigate to the selected target
is also determined 16. The position uncertainties and the navigation ability in addition
to a kill radius of the selected weapon, are utilized to estimate 18 an effectiveness of
10 the selected weapon against the selected target. As shown in Table 1, the estimated
effectiveness is sometimes referred to as a total system error and is, in one
embodiment, a root-sum-square of the position uncertainties, the navigation ability of
the selected weapon, and the kill radius of the selected weapon. The selected weapon
is released 20 (or not released) based upon the estimated effectiveness and mission

.15 objectives.

Delivery of a selected weapon is illustrated in Figure 2. A weapon
platform 30 (e.g., aircraft) is illustrated delivering a weapon 32 to a target 34, for
example, a mobile rocket launcher. Two regions 36 and 38 respectively are shown
which represent an impact area and a confidence that weapon 32 will land within that

20 region. As an example, region 36 indicates that weapon 32 has a 99% probability of

destroying target 34, while region 38 indicates that weapon 32 has a 99.9% probability
4-



5 the position uncertainty for the weapon is received 12 based on a position
uncertainty for the weapon platform(e.g., an aircraft). A position
uncertainty is also received 14 for a selected target. An ability of a

sel ected weapon to navigate to the selected target is also determ ned 16.

The posi tywodheeigai Nties and the navigation ability in aggiiis9shsoifssg Kill
radi us of the selected weapon, are utilized to estimate 18 an effectiveness

of 10 the sel ected weapon agai nst the selected target. As shown in Table 1,
the estimated effectiveness is sonetines referred to as a total system
error and is, in one enbodinment, a root-sumsquare of the position
uncert ai nti efdisdbliag iiroti rgadssarily dbstioying) the tarére34s elk &cdesidable daoweapad2t he kil |

radi us of the sel ected apon. The sel ect ed apo is released 20 (or not
rel eased) bgé‘@d“ﬁ'ﬂ)‘bﬁegt‘%mg@s‘f‘iaﬁpﬁt@ﬂ‘%pf weid wﬁ%@ %ﬁ?&gm%gﬁu@ﬁngﬁ”é’ HH ecti ves.
Delivery of o S¢higsd RAhNERORestdbed! dbbvd, itk d pbsfriof Wnertintf WG ct platform

30 (e.g., alrcraft) is illustrated delivering a weapon 32 to a target 34,
for exanpl o weaponplatform 3lept targetriéhdm additien, thegt e Beertamaty 3Gthrrespselct i vel y
are shqwn ich represent an i C rea and confidence that .weapon 32
o1 Tana WA R eaffond BRGT wRCE Rl R dsfreBog A bR o
weapon 32 hgsweapdfl UfedtiRads! ity of destroying target 34, while region 38

i ndi cates that weapon 32 has a 99.9% probability -4 WO 2007/008186

PCT/ US2005/ 010533 of_di,sabling (not necessaril|y destroying) the target 34.
It is desirable that TREPHHIBCILREILPE e ADIEHeRHILSE tagtiRalarameeiie to avoid
col I ateral dapRopolRledH rdsdit AP i40 iiflate BPWedtlot kfe@vendh il aburit dhigscr | bed

above, there is a position uncertainty wth'respect to weapon platform 30
and target &g, tangehdd),tusog, a s¢lested wsapon (i3 eveapomBy) mid &n eegpwotenbin 0 a

trajectory 42.of wea 32 al |l of Lch,can, be utilized, i.n.determning an
sttt ot EBatoR PR e i uBeed TSRty O SR o v
descri bed t @@t laCetappAVAHIEDE effedtive agdivisit £BRIPGQY g 18 af RAthidn bhassifich an
estimate of weapon effectiveness for_a current target .

uncertainty (for the weapon platform), target position uncertainty, weapon guidance

accuracy, and a weapon kill radius, or

Pr(success) = f(position uncertainty, target uncertainty, weapon guidance accuracy, weapon kill radius)
15 A probability of success that weapon 32 will land in the desired region

(e.g., the effectiveness estimate) may be presented to the user in multiple formats.
One format is a simple GO/NOGO indication for the release of weapon 32 based on a
pre-determined (desired) probability of success that weapon 32 will destroy or disable
target 34. Alternatively the probability of success calculation may be presented
20 directly to a user, for example, a weapons systems officer in charge of releasing
weapons 32. The GO/NOGO indication, in one embodiment, is presented to the user
as a simple release indicator light. In another embodiment, a graphical representation

of a probable weapon effective kill radius relative to the target is presented to the user.

The estimate of the effectiveness of weapon 32 is one result of the

25 method illustrated in Figure 1. Figure 3 illustrates a function flow diagram 50 for
determining an effectiveness of a weapon. A position solution 52, an ordinance
capability 54, a weapon guidance capability 56, and targeting information 58 are
sources of information to a weapon effectiveness estimating algorithm 60
incorporating one or more embodiments of the above described probability of success

30 function. A weapons effectiveness estimation 62 is output from weapon effectiveness
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(e.qg., target 34), using a selected weapon (e.g., weapon 32) and an
environnent in 10 which weapon 32 is being utilized. Stated mathematically,
a probability of success that a weapon will be effective against a selected
target is a function of position wuncertainty (for the weapon platforn),

target posyd ba/oug@er tai nty, weapon gui dance accuracy, angcg&apookds !
radi us, or Pr(success)=f (position uncertainty, target uncertalinty, weapon

gui dance accuracy, weapon kill radius) 15 A probability of success that
weapon 32 will land in the desired region (e.g., the effectiveness
estimate) may be presented to the user in multiple formats. One format is a
si npl e GO NEskinatirey algdrithin 60ab atweapsoms Inexdsgentent yyeRpORY 92 naasginlg ®Wwedpons

pre-determ ned_(desired robabiljty of success that weapon _32 will destroy
or disable P?%Fog@t(ngﬁow SF REESTVIDB YR SAie™ SR A1sasplayi any2 Beer dRIedareas (afR Ul at i on
may be presenffcted Orelittveidss ¥f § itddSRapod,OF €xanpl e, a weapons systens

officer in charge of releasing weapons 32. The GO NOGO i ndi cation, in one

enbodi nent, is presented to the user as a sinple rel ease indicator |ight.
I n anot her enbodi ment With geggséi toapositiqer sglutierats2osometimes gefetsebite asedpon

effectiye kill. radi | at i tQ t. ! r 0 r. The
esti matgé of r{aﬁl(ga@(?nf %’E‘EH{@%% Ilsa\s{f%g*1 P@Qﬁ%ﬁ@%ﬁ%@h@?@%ﬁ%{% Oa%e Pllﬁgl%e(;@?net hod

i | lustrated anneribeddéd GPS/ihegia) (EG) inabigstionasyeema Inioaé ietibodiewt, hosigoam 50 f or
determ ning an effectiveness of apan. A position solution 52, an

or di nance dﬁ'ﬁ%’Eﬂ"l‘Wﬂ%/d‘?Fﬁflyﬁomﬁ‘ﬁb‘gwmg‘ﬁﬁ@éﬁé\ﬂg@é’ﬁéﬁ@mty 56, and targeting
information 58 are sources of information to a weapon effectiveness

estimating al gorithm 6Qrgekifg GifBRAAh S RBRA tafBel BcaiROdRAtion 88 shite above
described probability of success 30 function. weapons effectiveness

estimation 6Rrther rap maludé datmondhg bpe of tasget (@2 ntasget 34 sShov ABiRLEEH1 46

PCT/ US2005/ 010533 stimating.al gori t hm 60.4 O. apops._ nmenagenent . system 64
for maﬁggi ngong 81?8 lr%enggltzgtg?%rfgm P?%?’até%om% g up?seslgir:%)t“inﬁ%onagaég 8{] R/}\lnet h a

di spl ay on anwieimén iewhivbheth@trged islocated; forrembaplechdiRitidsypuoples lanldscaps el ect ed
weapon.
P and protection. Target location information 68 is provided by a number of sources.
For example, in specific embodiments, target location information 68 is relative to the
weapons platform (e.g., in body coordinates of the weapons platform) or is an absolute

15 position of the target such as latitude, longitude, and elevation.

Target location uncertainty is an important component of target

location information 68 provided to weapon effectiveness estimating algorithm 60.

Target location uncertainty in one embodiment is an index. In another embodiment,

target location uncertainty is an estimated position error. In either embodiment, target

20 location 1s bounded by a selected level of confidence. A target type is utilized for
determining a weapon’s ability to destroy or disable the particular target. A target
environment is utilized to predetermine the possible collateral damage for an area

surrounding the target.

Weapon guidance capability 56 is a representation of an ability of a

25 weapon to navigate to a target. Weapons which include active guidance systems (e.g.,
missiles) provide a higher level of confidence than do free falling weapons, resulting

in a higher weapon guidance capability determination 70 for such weapons. Weapon
guidance capability 56 therefore influences determinations of weapon effectiveness.

In addition, ordinance capability 54 includes indications of weapon capability 72, for
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Wth regard to position solution 52, sometines referred to as a 5

navi gation solution, a platformposition and a position uncertainty 66 are
provi ded by an enbedded GPS/inertial (EG) navigation system In one

enbodi nment, position wuncertainty is directly conputed by the E@ navigation
system Tr@gdorngsigef ormation 58 includes target |ocation pafrars¥wés/@osBS and
further may include data on the type of target (e.g., target 34 shown in
Figure 2). In 10 one enbodi ment, targeting information 58 includes

i nformati on about the environnent in which the target is |ocated, for
exanpl e, buil dings, people, |andscape, and protection. Target |ocation

i nf or mat i onetdnple, kidiviadiad forya selentgtbweapofi and arcapahility Fedrthe waamineagainst speci fi c
enbodi mantsh tdarg%_rt | ocation information 68 is relative to the weapons

pl at form (e™°" @B%f&s‘coordi nates of the weapons platforn) or is an
absolute 15 position of the target such as latitude, |ongitude, and

el evation. Target | oCBadhoBf tHeC gidvai debatibed salircedTOihfdHhatimMRONEe Pbsitidn t ar get
| ocation information 68 provided to weapon effectiveness estinatin

: 19
al gori t hm 6@80lutiony 5 4eprdingaea rapabilific et weapeY Spidarisecapaibity Hefnd; targghing ndex. | n
anot hers enbgi nen t i acertal nt v S i ition
error. 5I n e?r?her g%g%ﬁéﬁgﬁtﬁéﬁg@é&@@%ﬁﬁgcaﬁdgn&?ﬂg ab@{%’i‘géﬁhgqg% ected
| evel of coiéwibrated.frofn b avegpdn telepse fram tiei wéapeun platform tetngrant withg tageteapon' s
ability to stroy ar,.disable the partjc r target. A target environnent
"o i1 zed 168 ebuBneR v WeBorbh ol aParesadhehedRpna & oo
surroundi ng nbAkalized Gfd coMGiRBP T fiintPRERN GERARE indp¥ctafat corRsponas Q4@ at i on of
an ability of a 25 weapon to navigate to a target. Weapons which incl ude
active gui ddptwddlpenl eofscertaingy. A nweapan effgctipenssy gximatei6g his ralyoe genpuied
confi dgpce 1 Ee8: ' ) - | ] . ' on
gui dangj; catp‘)‘gﬁ%‘flgtg ;‘E lésg?lg{raﬁ‘lwng{a?%ﬁﬁ%gg ?)?abélﬁi %h&ggg‘c‘?ﬂ%‘ge %@%%ﬁﬁﬁwggnce
capabi lity destidyecrectizaiei the | targeic edthdihe edesireth ieveh of afertaimaporined fspadtifieness.
o bl S BRARY b e el S BT o SRl HETRE8,

and collateral damage are estimated by weapon effectiveness estimating algorithm 60.

Calculation of a collateral damage estimate considers all the known

15 items within the region of the target and estimates to a specific level of certainty the
impact of the weapon to those items. In one embodiment, the collateral damage
estimate takes on the form of an index that reflects a standard level of acceptance for

the individual situation.

Tactical utilization of the systems and methods described herein

20 enhance the current and planned integrated navigation systems and mission
effectiveness by increasing confidence in weapon success prior to release of the
weapon against a target. In addition, an increasing confidence in weapon success
provides a resultant decrease in the possible collateral damage, which is important

with respect to civilian and urban areas. Another benefit includes utilization of

25 smaller warheads to obtain the same results as in prior systems which allows the same
aircraft to carry an increased quantity of smaller weapons, increasing the targeting
opportunities for a single mission. Costs are reduced, as fewer missions will be

required to achieve the same results.



WO 2007/ 008186 PCT/ US2005/ 010533 exanple, a kill radius for a sel ected
weapon and a capability of the weapon against hard or soft targets. Each of
t he above described sources of information (e.g., position solution 52,
ordi nance capability 54, weapon gui dance capability 56, and targeting 5

i nf or mat i ¢yp Dbl obgBean associ ated uncertainty. In one enbogicfand00501483P0N
m ssion is evaluated froma weapon rel ease fromthe weapon platformto
inpact with a target. The uncertainties associated with each of the above
descri bed conponents is normalized and conbined to forma region of target
i npact that corresponds with a desired |evel of certainty. A weapon

ef fecti veness esti mat Whil2 the imlcntﬁomhamh&ea(ﬂeiﬁibﬂdiih itmmgofavaﬁoss spicsficance and

or di nance c I|t m ne if the wea destroy .or. disable
Che. tar get apRRiTIsei BasersBifel o P oB;willapdoaTint Jral P i eufien b PRSHEEN ot
probabi | i ty wth héHiBitiofl WathihE sFIRt aril 6T Thd éléﬁrbsOf di sabling the target,

and coll ateral danmage are estimated by weapon effectiveness estinmating

al gorithm 60. Cal culation of a collateral damage estinmate considers all the
known 15 itens within the region of the target and estimates to a specific
| evel of certainty the inpact of the weapon to those itens. In one

enbodi nent, the collateral danmage estimte takes on the form of an index
that reflects a standard | evel of acceptance for the individual situation.
Tactical utilization of the systens and nmet hods descri bed herein 20 enhance
the current and pl anned integrated navigation systens and m ssion

ef fecti veness by increasing confidence in weapon success prior to rel ease of
the weapon against a target. In addition, an increasing confidence in
weapon success provides a resultant decrease in the possible collateral
damage, which is inportant wth respect to civilian and urban areas.

Anot her benefit includes utilization of 25 smaller warheads to obtain the
sanme results as in prior systens which allows the sane aircraft to carry an
i ncreased quantity of smaller weapons, increasing the targeting



opportunities for a single mssion. Costs are reduced, as fewer m ssions
will be required to achieve the sane results. -7 WO 2007/ 008186

PCT/ US2005/ 010533 Whil e the invention has been described in ternms of
various specific enbodinments, those skilled in the art will recognize that
the invention can be practiced wth nodification within the spirit and
scope of the clains. -8 WHAT IS CLAIMED IS: | . A nethod for providing an
estimat e of WHALCKS WleABYEDdS: a sel ect ed weapon against a sel ected target
prior to release of the weapon, said nmethod conprising: receiving a position
uncertainty for a weapon platform receiving a position uncertainty for a

sel ected target; ldet erAm'neihng famnprabidingtan esfimbteaf sefleablepehs WEapokcted weapdngat e
to the selected tar

P and estinptin neffectlveﬁﬁiof t he sel ected

weapon ut i | i38pig selected daregipsiopto fefease q%é’aepwpapaﬁaf ROEPTPGHGincer t ai Nt y,
the target posi tir%l\xﬁy%gs@ﬁm%wﬁgﬁtyrﬁv&{ @adpoRBlatforpabi ity of the selected
weapon, and a kill radius for the selected weapon. 2. A method according to

claiml1 further crmmimgap@slt@mmcn@alatyrfenzemtedftarehte sel ected vveapon based
upon the estimat fedgcfmm oL Ly “F‘Fys%f e sAelE] 12 %Ct%onrag/{ggg 0Xhe Isgl éPe& target, rein

estimati ng an ef I've weapon c P88 Fe8HE
estinmating anfrobability of t ar get destructl on, estimating a probabi I i ty of

di sabling the target,  and e t| mati ng anount of col ] ateral danage,
met hod accor di ng SEYMEng # P ectiversst o6 %ﬁ@fqﬁ‘gwmgéﬁwwg HHeast opg @étﬂaeveness

estimat e 10 s platRrm pdRIMC B RAGRAL RY tdretCpRitiBn? ur‘{t*%ﬁﬁﬁw thé ‘?1%@1%51‘16?19 the

ef fectiveness est| mate conpri ses pr ésent i ng a user wt
i ndi cati on wapdbilityoptstseleoted meapon, and a kill radius for the selected weapon

2. A method according to claim 1 further comprising causing a release of the

selected weapon based upon the estimated effectiveness.

3. A method according to claim 1 wherein estimating an effectiveness of the
weapon comprises at least one of estimating a probability of target destruction, estimating

a probability of disabling the target, and estimating an amount of collateral damage.

4. A method according to claim 1 further comprising presenting the

effectiveness estimate to a user.

5. A method according to claim 4 wherein presenting the effectiveness
estimate comprises presenting a user with a GO/NOGO indication with respect to the

release of the weapon.

6. A method according to claim 5 wherein the GO/NOGO indication is based
on a comparison between the effectiveness estimate and a pre-determined probability of

success that the weapon will destroy or disable the target.

7. A method according to claim 4 wherein presenting the effectiveness
estimate comprises presenting a user with a graphical representation of a probable

weapon effective kill radius relative to the target.



rel ease of the weapon. 6. A nethod according to claim5 wherein the GO NOGO
indication is based on a conparison between the effectiveness estinmate and
a pre-determ ned probability of success that the weapon will destroy or

di sable the target. 7. A nethod according to claim4 wherein presenting the
effectiveness estimate conprises presenting a user with a graphical
representation of a probable weapon effective kill radius relative to the
target. -9 8. A et hodh methoddicegrding tolcddimn 1| whirsimeteeivinged posilgoraunpesaintyon

uncertainty pl at f [i r RYINL | at.f orm posj tion
and s posi § g el FARRT MR T EABE A G BT LB T By B ELTeBRR s o
9. A net hod feue e einbglded GPISAnertihl naipagomsyseaei vi ng a posi tion uncertainty

for a selected target further conprises receiving information about the
environment in which the target is located. 10. A nethod according to claim
| wherein receividng aAposihodaecerdmertd ailainyl whereinareseilv ingt & poditdongedceftaintyher

conprises receivin arget.location. informatiop either relative to the
weapons. pl atiPoP i BRes Frapsrhtrec i sen rna e BlPrmaion AHehoaT aieBIRE g ¢ o
claim | whergiith theefbdtidBeaedosi tion uncertainty for a selected target
conprises bounding a target location with a selected confidence |evel. 12.
A met hod according to claim1 wherein receiving a position uncertainty for

a sel ected target]of ur tAhefkethoaraRtddRg to@ldinvi Merin ACE®Ingtd/ pesitidn3undértamiyhod
according to claiml| further conprjsing calculating a collateral danmage
estimat e by:fObHRGHRs rggt Birther qomneiseimscsiyiBakarggtienaHor péonmagion itkar relgive
target; and tgﬂtén‘g%kb%lge@n%ﬂl &Qﬂ%bgdlﬁteltﬁgélpogiio&erta' nty the inpact of the

weapon to the

11. A method according to claim 1 wherein receiving a position uncertainty
for a selected target comprises bounding a target location with a selected confidence

level.

12. A method according to claim 1 wherein receiving a position uncertainty

for a selected target further comprises receiving a target type.

13. A method according to claim 1 further comprising calculating a collateral
damage estimate by:

considering all the known items within the region of the target; and

estimating to a specific level of certainty the impact of the weapon to the known

items.

14. A weapons system programmed to:

receive a position uncertainty for a weapon platform;

receive a position uncertainty for a selected target;

determine an ability of e selected weapon to navigate to the selected target; and

estimate an effectiveness of the selected weapon against the selected target
utilizing one or more of the weapon platform position uncertainty, the target position
uncertainty, the navigation capability of the selected weapon, and a kill radius for the

selected weapon.
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14. A weapons system programred to: receive a position uncertainty for a
weapon platform receive a position uncertainty for a selected target;
determ ne an ability of e selected weapon to navigate to the sel ected
target; and estimate an effectiveness of the sel ected weapon agai nst the
selected target utilizing one or nore of the weapon platform position
uncertainty, the target position uncertainty, the navigation capability of
t he sel ected weapbn, andeapoks bystanadcaosdifgto ¢lhien 14 elaprdimuedsapane a-rdlgasks. A

weapons syst according tq claim114 pr.ogr .10 cause a release of the
sel ect ed weé’gg’]ﬁs S8 Wﬁ%bor?q%aﬁ%aa‘éné’f’%%%Eﬁggfgg%afv\?ﬂﬁéss. 16. A weapons system
according to claim 14 wherein to estimate an effectiveness of the weapon,

sai d weapons systemis programmed to estimte at | east one of a probability
of target destrudfionA aVeaPYBaBYNGR yacsprdiigs &b GlaE tife Wharegbtto estianait anount

of collater %kfegmg of %%'Wé%gw?,%gﬁ(rﬁea Yt S?E&:ﬁlcig fo%kﬂﬁn&?tocésﬂhﬁ%e]ﬁ lJa's'tr&Qer

conprising a user Interface, sal apons system progranme 0 present the
ef f ect i venes$ apsibabwityeof torgat destractiamy a penbdbiligeof distbéing deetarge and\anempuants
system accor?i ] t &:I aim17 wherein to present the effectiveness estinate,
said system® &° %‘%@r SMY to display a GO NOGO indication with respect to
the rel ease of the weapon on said user interface. 19. A weapons system
according to claim 18 programred to base the GO NOXO indication on a
conpari son betwedh thd SRRRUS| VistEs dceosdingrdp eclainy 14 Pirder gempriping e user

pr obabi | | tY 9 rRUCCRS Sud:Bals HRRmERAAMNE Lo HESH O Offecdi SR SulifiRe ka0e!

20. A weapons system acc gtoclFaiml erelrn sald systemis

programed tuscrpnesidnisertiherfaéd. ecti veness estinate on said user interface as a
graphical representation of a probable weapon effective kill radius
relative to the target.

18. A weapons system according to claim 17 wherein to present the
effectiveness estimate, said system is programmed to display a GO/NOGO indication

with respect to the release of the weapon on said user interface.

19. A weapons system according to claim 18 programmed to base the
GO/NOGO indication on a comparison between the effectiveness estimate and a pre-

determined probability of success that the weapon will destroy or disable the target.

20. A weapons system according to claim 17 wherein said system is
programmed to present the effectiveness estimate on said user interface as a graphical

representation of a probable weapon effective kill radius relative to the target.

21. A weapons system according to claim 14 wherein to receive a position
uncertainty for a weapon platform, said system is programmed to receive a platform

position and a position uncertainty from an embedded GPS/inertial navigation system.
22. A weapons system according to claim 14 wherein to receive a position

uncertainty for a selected target, said system is programmed to receive information about

the environment in which the target is located.
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21. A weapons system according to claim 14 wherein to receive a position
uncertainty for a weapon platform said systemis programred to receive a
platform position and a position uncertainty froman enbedded GPS/inerti al
navi gati on system 22. A weapons system according to claim 14 wherein to
receive a position wuncertainty for a selected target, said systemis
programmed to receive information about the environnent in which the target
is located. -11 233. A weapwasysgmtasaerdigopdilaim 14 whieesimtd zeogive raepositian
receive a p oL, [

pr ogr ammed 8% hérlJ[eagg vfgln% g%@% @ﬁ%gét F%% s%l?énrﬁggr ﬁaplotg}%ﬁfggé tt % ge%eglgﬁé%%emc%tgont he
weapons pl atififormaten etheramlatibs @l the eved@mg platfpos bt astam. ab4luteAangeiEeit®nsy st em
according to claim 14 wherein to receive a position uncertainty for a
selected target, said systemis progranmed to bound a target location wth
a sel ected confidance A @¢&ons 29ster) WCSHIMIStoSHSIEM ;heRid tdGeceReC pdsifiok?
wherein to receive a position uncertainty for a selected target, said
system i s prusgertaitedon d selected {asges, vait gstent {sprogragmed icpyph @ taigst logption
accordi ng taq,.6l Al to calculate a collateral danmage estinmate
by: consi deS?”ﬁJg?%ell cget%hcghﬁ%\?ng@tgléns within the region of the target; and
estimating to a specific level of certainty the inpact of the weapon to the

known itens. -1 . . : . o
%5. A weapons system according to claim 14 wherein to receive a position

uncertainty for a selected target, said system is programmed to receive a target type.

26. A weapons system according to claim 14 programmed to calculate a
collateral damage estimate by:

considering all the known items within the region of the target; and

estimating to a specific level of certainty the impact of the weapon to the known

items.
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