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systens, and nore specifically, to nmethods and systens
for providing a user with an indication of weapon
ef fecti veness against a selected target prior to
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respect to a runway as it approaches e runway for
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navi gation and .positionin ol utions be accurate. The
a%%a\?'e%h%ﬁfp)feoﬁésdg‘f’?ritaé‘#ﬁoqwg?oiiﬁlgmwamg%e the pilot or
flight crewwth an indication of the probability that
t he ai r cr aBtandasds| foc atr@aft approdee apdartdingnin civil aviation include

integrity requirements on the navigation and positioning solutions provided to the
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
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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In one aspect, a nethod for providing an estinmate of
ef fectiveness of a sel ected weapon agai nst a sel ected
target prior to rel ease of the weapon is provided. The
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flowchart illustrating a nethod for estimating an
pmeele tihg ertaaxding pifectixpngprgnoduts wikices one o mgpe 9f|yeararny iatfosm

gtosm@ efmnglﬁ!yl téﬁgey{)éshm @c&ﬁw RankAbh eaﬂml@y & th@biRted
igure 3 1is function di‘agram f or det ermi ni ng
WERBIh and the k111 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

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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devel oped for aviation to determ ne a
positionuncertainty for the tactical environnment. Such
techni ques include integrity calculations for
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tdsgegs 0&umbmag¢w lrt aepdsition adpoded lora GRS exsteins Avwéhsdergs gpurecie

I
kb o 4 SO SRALERY 47 VAINCO LB LA By 1
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%JVQ%aItI%IﬁQ%ﬁ%e or§ K“ﬁ%h‘rilrcgnti’l% %kléf(grt? %ggllg gtf'og e?r?é?aglrirgﬂé fie Qxfe

de@u;dedijedhe hdc@eitimmoﬁwrtmmacteaamh@ above descri bed
integrity calculations for navigation and positioning

and apply gyc F]eﬁl%hsc ‘dhc?tsgs‘?égx%sh&cxgﬁkﬁ ﬁéf&h‘ lilotpdifid 1N W¥ove

of vveapons relative to lre |n'pac ar ea.
Sfsewibbd gutcrity wbaptonspéei ravazatiemdnd uioditinges sofl appbynsuch

gcraaf%l%ﬁ& GUb gﬁe ?ﬁ, Lt J}ég‘iv%g‘gﬁ%?egﬂ%esé’ﬁﬁ&“?o% hdstréd BpakGrea.

ermne an uncertainty
i Spetiﬁeeﬂlpowcdppmposafonand giidoxafdlutass ale ovleulated wrthin@dveapons

Iystem""%i"%%”t eossal'rrltb: Ot AR P %%ed B0 %, gé%c':r;gﬁﬂe% &n%%%%xf%ﬁ

0°s6 calt
aroemma);ﬁ@nsammtft asngowp ailesmbag |Sn¢hs waglon nmautlgxatamb rguidance

S%?uttigrﬁéchr-[llagesbgg eaiso appf)cabféls’I ns% ¢aliEd d‘ﬁurrqb” 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.

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 desired\‘impact 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

uncertainty parameters and the civil aviation integrity problems.
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ability in addition to a kill radius of the selected
weapon, are utilized to est | mate 18 an effectiveness
of the selligwred eaplovchyhilfsdepiches §eamnetbed dort eptigating AR

ShotPerdeds Jtaab#vgalpgné gﬁﬁlﬁngeéaﬁéuﬁﬁ&%d?f‘?ﬂé 2bL YEBART chrdrs. First,

SOITEt‘I.n'ES rer to as atota systemerrqr_ ana 1s,
ithe ponition nisdRingyrier tha weapon issieerived U besed bn & ipesi porsincergnty
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weapon, "and the Ki | radius o e sel ect'ed weapon.
Torer wltted taegtt- wem piohityio§ a seé¢ctdsedp @00 havigaot thedelated tyget
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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

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
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-
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Wegﬁo%ggﬁd TB@Gmeééqﬁdlcatlon, 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
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

function. A weapons effectiveness estimation 62 is output from weapon effectiveness

-5-
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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
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

-6-

radius relative to the PEr/UyS1005/610533



10

15

20

25

| ocation information 68 provided to weapon
ef fectiveness estimating algorithm 60. Target | ocation

wap@enosEsnty in one enbodi nent is an index. | nP@NUs1ves/010533

enbodi nent, target |ocation uncertainty is an
estimated position error. In either enbodi nent, target
| ocation is bounded by a selected | evel of confidence.
A target .ty is utilized for deterni.nin weapon' s
SEATE i i P S St e pa I o B Ve g dpnsh
hard@etofemmgetsonment is utilized to predetermne the
possi bl e collateral damage for an area surroundi ng the

target. on i dance, capabilit 6 LS a. ..
repr eseny\gt't%l lbr?fgge 4 V8bqefclngffp8‘?“%3\4\/92&5%’?{“%9%(5\5? Jaeigen
ts6ludort 57, @@dinandé 3PABGitWEY, GleapohCEuidi@ce cdpabititygif, dad eegeting
Systens g .g., mssiles) provide a higher |evel of. .
FAFTRLIO O0 T e BB 1§ S B SRR s
@& dvapbed foRaPOGpaiictaitont AP akhjontpyatdah @ ifipaatwitih tdidet.

for such weapons, \Wapon qui dance capabiljty 56 _
TR r B TRIeR eI s ot arhiohdbs cﬂhgveoﬁe%’af:&oﬁomponents is

bRk d VAR fbinkd 1P fihtal 1@flon f Mg NERACCRARADIbipbYdsOdith a
i ncludes_indications of weapon capability

72,
devied deisl of certarnty.| 4 JGrre8 Fisetivgness|calinale) tdaplin camautsd

%ﬁﬁ'ﬁ@é b bdidé @tankd fnd/\Gidisee @ iai'll%l Smrdéteﬁflin§ afthe Wvedpaf el
Each of the above descri bed sources of information

destigy | orpdisably g @eget thith nths alesitsd dleye rif eccetaipibi I @yspsgfic

WEBOAMeEU g@ﬂ&tﬁlitﬁ%@@e@éét latYrufon, APRALLRKGLY dR8bling the target,
information 58) has an associ ated unceftainty. |n one

anbesdlateeah damage wsgplinated kysiegpon effeetivgness edignatingafeerithm 60.
weapon rel ease fromthe weapon platformto i npact with

a target. JfQuH0E VI aaloNhib@P R0 h@hRE c¥istdirseAChe Xhown
t he above described conponents is normalized and

dtemp ia the reeionpf shertargptomnd gitimasgsgee spepficcievel Rhgertainty the

GRpdESP AR epbh o thodesbhed 1l BNELmBEdiRET ! Ak RbNaterlt damage
weapon effectiveness estimate 62 is al so conputed

gstimate fakies q the Ssmeif 8 sderethanaliestsl Hiadad levghafyicpgptapcastor

MQig@@@ﬁggggmgﬂ t he weapon will destroy or disable the
target wth the desired |evel of certainty. In a

speci fic enbodinent, a probability of target | o
dest ruct i obpeticel pifeaion | oft the ofysigms A9 | ﬁ@th?cﬁedftsaﬁlt&ét herein

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
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.



and col | ateral damage are estimted by weapon
ef fectiveness estimating algorithm 60. Cal cul ati on of
w@2eolbsaser al danage estimate considers all thRCROS4N5/010533
items within the region of the target and estimates to
a specific level of certainty the inpact of the weapon
to those itens. I n one enbodi ment, the collatera
damage esgb. tﬁ takef og Hpe f.or %t n in&ex.that cifi
reflects a'StalGdre" eVt 6" g%sglg?bet ARc& oy PHE! Speetie
iemelbdimenta lthos¢ skildddiimthe attadl tecagnizgtthat ihe adviemtionahn bégracticed
syste and net hods .descri bed.herei n enhance the
SIP AR BB T GroRE QB STt | on systens and
m ssion effectiveness by increasing confidence in
weapon success prior to rel ease of the weapon agai nst
a target. In addition, an increasing confidence in
weapon success provides a resultant decrease in the
possi bl e col |l ateral danmage, which is inportant with
respect to civilian and urban areas. Another benefit
i ncludes utilization of smaller warheads to obtain the
same results as in prior systens which allows the sane
aircraft to carry an increased 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. Wile the
i nvention has been described in terns of various
speci fic enbodi nents, those skilled in the art wll
recogni ze that the invention can be practiced with
nodi fication within the spirit and scope of the
claims. WHAT IS CLAIMED I'S: 1. A weapons system
programmed to: receive (12) a position uncertainty for
a weapon platform (30); receive (14) a position
uncertainty for a selected target (34); determ ne (16)
an ability of a selected weapon (32) to navigate to
the selected target; and estimate (18) an
ef fecti veness of the sel ected weapon agai nst the
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selected target utilizing one or nore of the weapon
pl atform position uncertainty, the target position

weapon, and a kill radius for the selected weapon. 2.
A weapons system according to Claim 1l programmed to
cause a rel ease of the sel ected weapon (32) based upon

fectiveness (62). 3. A weapons system
t\@gé?g gmg%?él m 1l wherein to estimate an
effectiveness (62) of the weapon (32), said weapons

system i s Ipr ogPansmpchstsgstans piogmtnmedto:| east one of a
probability of target destruction, a probability of

di sabl i ng rte‘%?vmgf’%g Bsm&ﬂglc%lrﬁyc‘f’olr g%%:og la@l’n!l gﬁ)ir al

damage. S system accor

further conprising a user interface, said weapons
syst em pr deeRietEA) aesiorawnserainty for & 59lesiad; tveﬁé?s‘g
estimate (62) to a user on said user interface. 5. A

weapons  sygicafimg faf 2Byt &F dJeRbiR 4 [(@))No hiviPdi€ Remé
the eff ect | \?enesgmzsat |armPIe (a65) saleybg;st)e?n i S@J

pelegrdiameldando di spl ay a GO NOGO i ndi cation with
respect to the release of the weapon (32) on said user

| nt er f ace, esfitifte Gk )NGXCX bR bPMhd 83&EEIORedpon against the
npari son between the effectiveness estimate and a

ﬁ?léc"?ﬂe‘ta@%‘itﬂléﬂ‘g (9h® Bampteiof (hegyeapeneplatéaminegifion preetianiohe
Wrbdt pd8Sd @¥erfiintyl 't&@ﬁb@aﬁdﬂ%aﬁa@ﬂ%&f the selddtcWRRBRASand a kill

Sy stem according to Claim4 wherein said systemis
ﬁ%(b‘tfr anhesplactsdpreanoBnt the ef fectiveness estimte (62)
on said user interface as a graphical representation

of a pr oba.bl e wa&gsnse;ystaﬁtabébedlkg td Claidi Yeoga@ndddi ty @ads®
tartg ons systemaccording to daim1l
\M%‘Faé? A tf’?)serlf‘é@éﬂ"(ﬁépo&( meri&ﬁ%th% gtimafef effeqtiypness @dapon

platform said systemis progranmed to receive a

pl atform mosi t iAORNcapoish sfistiB abdotdiy 1o Mt 1ok ikdrein (d5R)imhte @m
inertial

e?fe&ggl%gs %92 GPS/ he v?eai}:)ona (32), said weapons system is programmed to

estimate at least one of a probability of target destruction, a probability of disabling

the target, and an estimate of collateral damage.

4, A weapons system according to Claim 1 further comprising a
user interface, said weapons system programmed to present the effectiveness estimate

(62) to a user on said user interface.

5. A weapons system according to Claim 4 wherein to present the
effectiveness estimate (62), said system is programmed to display a GO/NOGO
indication with respect to the release of the weapon (32) on said user interface, the
GO/NOGO indication based on a comparison between the effectiveness estimate and
a pre-determined probability of success that the weapon will destroy or disable the

target.

the navigation capability of thePGEHUSI&O0533
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wo e007a08ed ected target (34),

navi gation system 8. A weapons system according to
Claim1l wherein to receive a position uncertainty (66)

to receive at | east one of information about the

environnment in which the target is |ocated, target

| ocation information (68) either relative to the

weapons platform or as an absol.ute target 05|t|on

andpa tafgégt t yp&capgns S/X‘“‘%éﬁcaffléngsﬂ‘?é]@m“a\‘f RS ip g, Sxstm is

(ﬁr(igrmrﬁed/\h)epxewﬂt the dfRCBIcH&s astPRsd (620 r@ntsaiaeﬁstelalmurmce( 656)1
or.a selected tar said_systemis, prog

tgaapﬁ}'cﬁﬁlnﬁpfﬁs?&“a%tof %d%fa‘f%%l?nweap% etfective kil} mdivs dﬁIPFYfeWc@e

ltegel . 10. A weapons system according to Claiml
programmed to calculate a collateral damage estimate
the known itens thin the region

b consi rin

o%/ the t a:ri/get %SXYfapoﬁsnﬂ'St@g’t ICREHPA &P ?g‘“’é ISphegsip i reC eV p
@bsmm travendiyty tforea iwBapas plabibrnt, REIAWRARE R frdghmhRd tdRceive a
p?a?fvm pos1E§n and a position uncertainty (66) from an embedded GPS/inertial

navigation system.

8. A weapons system according to Claim 1 wherein to receive a
position uncertainty (66) for a seclected target (34), said system is programmed to
receive at least one of information about the environment in which the target is
located, target location information (68) either relative to the weapons platform or as

an absolute target position, and a target type.

9. A weapons system according to Claim 1 wherein to receive a
position uncertainty (66) for a selected target (34), said system is programmed to

bound a target location with a selected confidence level.

10. A weapons system according to Claim 1 programmed to

calculate a collateral damage estimate by:

considering all the known items within the region of the target (34);

and

estimating to a specific level of certainty the impact of the weapon (32)

to the known items.
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