ENHANCEMENT OF Al VPO NT | N SI MULATEDTRAI NI NG SYSTEMS

CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] This
wappbiot®rd on clains priority from co-pendi ng UPEI/US2005/025089

Provi sional Patent Application No. 60/521,877 filed

July 15, 2004 by Page and entitled "Ai npoint

Enhancenent by Means of Extrapol ated Myvenent" which

i's hereby IHCMMQEMEM‘@FMMP@INT set forth
in full in this docunent, for all purposes. FlIELD OF

THE | NVENTI IBNSIM0ALATED TRAINING SYSTEMSO a
target tracking systemand nore particularly, to an

| mpr ovemarR 09§ -REFERENCEATK REGAIED APPLICATIANKI ng
mul tiple targets within a video canerabased weapon
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by Méd’nd off ERtrapulated MdVﬂhﬁhﬁ’deﬂilﬁlsﬂiefﬁbySﬂ@hﬁiﬁted bl reference, as if set
particular, to provi de ef fective conbat training, a
forthﬁ’r%‘#h‘ﬂﬁ‘?‘?é fr}!n?fé‘g ol PUPEEE tracki ng, because w t hout
preci se target tracking, the value of any training is
di m ni shed, si nce RIBEDtORTHEEINVEBNGIOMscert ai n

ccur.at el her varlo s techni que rovi de. i mmroved
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1mprd’l)§§1‘€lntt SF tRoOM AR e 88 fof BeMIRNEmuMPISlaygebyw BN aGfideo camera-
exanpl e, some systéns have used video caneras to

basedpvwvdemm@étac mgekstey. Sonme such systens, for
i nstance, used the | um nance and/or chromance of a

vi deo i mged t BAGKGROUND UFETHEIINVENTIORD i mage a
et appears. Such systens may cal culate a centroid
[0003ﬂ or § FlEny q&ﬁb@amm&bepm%w(@ém@ye ingTogtaRt signifigant affogt kg gone into
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trainih@ggemnad trplateien tagpd trawkiigebatdeavitisout ﬁreoisb wrgét}tﬂekmg, the
of . vi deo. tracking %stem reli.es on a specified w nd w

valueof apy gpining is égmah%e fsinjcf e txaipeq qanpotfscertaln rspeately waether

ﬁsatlé A d @0 techniques may be used to
vario %%%ack‘?en%%] In yet another system a live
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way ¢TeRhmpledsdn®d s J@teﬁﬁrﬂa‘ié usd i@sscanfera t6iptdvedcRERHtrhdBEYE Some
is calculated. Velocity of the differenced I mage may

such gistepesmfrtiesiangsi ysgd medé@mfwawdﬁquhmmmé of a@ideerimaged to
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for the image, for 1nstance by reference to a region defined by matching chromance and/or
luminance to pattern values, which might match patterns for flesh tones and/or other
applicable patterns. Another type of video tracking system relies on a specified window to
isolate regions of interest in order to determine a target. Analog comparison techniques may

be used to perform tracking.

[0005] In yet another system, a live digitized image is compared with a digitized
background image. Based on pixel differences, a centroid for a center of mass of a
differenced image is calculated. Velocity of the differenced image may be computed using
video frame differences. Other systems use correlation between gated regions on successive

frames to match location on a moving region.



frames to match | ocation on a noving region.[0006] Yet
anot her set of tracking systens utilize digital space
wa@eroseleri on to suppress fal se target signals BGT/US2005/025089
applied to a point target tracking device. The search
field of a tracking systemis divided into a matrix of
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intensity contour of possible targets. A digital
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differ&Re Wt 68 dhdngule 16t b theaea ghtdEa e An @ ptdvadustyored
tracki ng response of the systemis essentially

estimjtp @€ Pesippsitionsindithen upsletgs tha stergé pesitien. Thhelpdatmge@nctlon is
S
rorm S BT g o I BRLGE SHTRL B Rl Bl e
essentidlynatieppigdnt bl the taQePiarags 6i26. THA Jddoaprobadgoraintti dlignihites signals
di stingui sh between the design target, and. fal se .

which a5 get r§pr&ﬁemﬁye@£§|d§$snat%@mea pn thschasisoh signaamplitede b
compacfﬁ{s%get 4 1&]512' ¥%frgl%1ts2t%1ést1ntgﬂ1sﬁggt}6vae|@ﬁ tfftHiJs g‘ﬁ't?r%&t é?lrde}ﬁfsé {28kts on
the basarof@hgudér lbmtmnest inafi eI d of rrul t| ple tar get S.

Furt her, conventional systens have difficulty

[0008$T fReh 's?’ﬁérMs RoRAL &L fado bﬁﬁll%‘fﬁél@tﬁ pRécidiéh Hle&e?ermlnmg targets,
especi al |y during periods of intense notion. EF

eSpecslllet?ad@Fg F HEZ4t NYERFTEDIN p GOBIOY riEntbpldi tangats s E)ﬁ“thtSh gonventional
nyent th fore rovi de inproved systens. and . .
systeLYRBGLT A PR G re ARG B8 phIROCY Frs b af) Suring perioas
of int@R¥ hickidAENt . Merely by way of exanple, an exenplary
enbodi ment provides a refI ected |l aser target tracking

systemthat t mera and

associ at ed coén'ggl((ﬁ |ona ogwcﬁ:qjl‘: cerwnﬁgn‘oodl ment s,
[0009% dEmiselimentopf tledoventibm theryfobs pusede intprpveiiystemk whd rsthods

positions of targets based on_fornulas derived from

for trashngrtargﬁtéew ﬁlgn%m cavirppiend. Mefelyiby et olexawple, an exemplary
emboglgrrce'fnit 4)1‘301&59){ rfecRII NP ¥a?%et tth Bk iR Q TRt GARRS traékg 5’gét WY a video

tered and/or sorted based on predict t1ons
cametaiang esspeiatedevhpdiationsldogie: dua;trtun$n(b|odx:ﬂmm raglosedl hoptalgorithm

e Rk 8o R B 0 e 600 % i
trackihg pOME: HheE (ROt %%xﬂ'ﬁﬁéﬂﬁ»hﬁ@ayt& FBdLie8d I ®r€ises, targets
may be filtered and/or sorted based on predicted positions. In certain embodiments,
equations (including without limitation, first order equations and second order equations)
may be derived from one or more video frames. Such equations may also be applied to one

or more successive frames of video received and/or produced by the system. In certain



or nore successive frames of video received and/ or
produced by the system In certainenbodi nents, these
wo cooiok w34 al so may be used to comput e predi ct eBCT/US2005/025089
positions for targets; this prediction may, in sone
cases, conPensate for inherent delays in the
embogimsniss Siepyfosmplas jakse meyOB1EPd theonauite predistaddqsiions or targets;
. o I S . | P . .
tis pEEQRE S 3 B SIS ¥ b B L 26 A AEK R L S bRocebine ppeline
be.configured to djsplay an i mage of a

whi ch m ght
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exemp sifh dﬁQ&‘EérﬁHﬁéreda &i@e@&i@é}g% gysﬂ{l‘n,%mtrlﬂéht B cbhgured to

I sSpl’ayed 1age. In sone e I ments, the system
displdylantimege clomtarges esd/ar atilemsbomapnulatedsysapem wiioh nggiitéd configured
capture a.plurality of video, franes. me or,all of
to projgiba piguag T o B kg e HHAEF oI 1 CHOQRBHER S hBsysteh further
compAtd¥Riddo capRRd d¥stca® B8N FSd BB aptuiOa FIAMANEY SEvided RAREY. €Some or
system which may be in communication with the video
all of gheptidecefraypes may cornprissdhpettleast gyssaimpovitt en conpri ses a
processor and a conputer readable storage nediumw th
[0011] NSSontcdybRAf atvoaouipaidt & complieesBeds; &d8eH may Be in communication
.. Instructions may be executable to anal yze each of the
with the idgp CaRfuksrsystede dhe pemmputen ysigat effar GRBEIPHISEA PROCe§olpfnd a
compffjﬁie ré24H0 EtBI'agE ﬁ]ne%?lﬁﬁ] v&fh i#}ﬁﬁwﬂbﬁg é@éebﬁt}{blgﬁbpf\fllléjﬁlgcés@@r'%e
e Instructirons may be turther executabfe t
instrudidresrmaynse exetwtnbia lt@adabyzetdaeh obthe phurdfty bfieideo fjaaientg determine a

the forpula nay he neral.l atjisfied, In sone cases,
positigy of the aBRIIPS la_ﬁaa? of R PLivelh P hYide fiatnes. o Ta IgIREFtGRS fag be
furthe? eXéRtdbie/toUetetintiR fohAlRTor thd nRRIIR o8 HROFNPERE: She ffula may be
formula m ght be a second order fornula, which my
generalty satinfied, on sarhecgses ibyitempasitianivd the sippiomt in atdeast ehoef thy
of t.he ai.nmpoi nt and t ccel eration, of . t he ai npoi,nt
plurafly o1 3P PRise I & iboREESs Rl -PKTnidn B2 RN Pl
formu, viiéh @afrBedonht foR i FoditRa e aivip6iRe) the PIBCiJRYf th€aimpoint and
predicted. In particular enbodi nents, the ainpoint may
the acgeleratienof theedmpeing subsequent vi deo frane, based
perhaps on a predicted position of the ainpoint. In
[00120t ITerhapeinsilp AeRkRhs thd foemalald positiom@fith® eintoditiingWlisdegaknt video
fromanong a plurality of ainpoints, [Q013] hi,k some .
framecpaele prstlistidc (1 REFUCHIET HHRIAMEA'S Jhe ppRPoARt AR bt Idepfified in a
subseGUHF G 6 Blapmé ﬂfs@d ;{pEffﬁng SRy ﬂt‘é@ﬁperd' @gﬁﬁ%@'tlfet diﬁ%oﬁt._ other
osition of the ainpoint ih a second subsequent video
emboflingams, {tegampoinpaiai &p distinglisteddrdnoamohg@p phumalitso€ azgiongs.
a predicted position of the ainpoint in the second
[0013F ULIH Q618 BhseY, (8@l 2KE pWkitibn 8f thk @RS 0iRA1R ak0B¥uent video frame
position of the ainpoint in at |east a current video
may dompmse PRA®SEE ¢rposition vé Hegempdinbingy seaonsk wlisqsiusntt viidge fogme
.t ' ' j S . SU t. Vi rape and.
(agai g Bp R0 Bl Kb BTk SEG T R R g S MRy BiMEin e
seconf @Gbselj@emt 0fded ManRi wilpht1kast Ond b@>wi pitichTsRIABNoInt idgdeast a
frame may be predicted. The subseguent vi deo franes
currerf gdeorfEAM S P61 N G aUFags ofea predinieh opitign Bbths MBIt the
secont @Eﬁe&@éﬁ't Dflleo frame and the at least one known position of the aimpoint, a
position of the aimpoint in the first subsequent video frame may be predicted. The
subsequent video frames need not be contiguous (i.e., there may be one or more intervening

frames between the current frame, the subsequent frame and the second subsequent frame).



frames between the current frame, the subsequent frane

and the second subsequent frane).[0014] Another set of
weetwoedigyent s provi des net hods, includi ng w t hoRCT/US2005/025089

I imtation nmethods for tracking targeting ainpoints.

In an exenpl ary nethod, a conputer nmay receive

[0014] peAmathes seirafipnbodirgens prepides @e@hpéﬁ,emlu@ng mithapt limitgfon

| i,d )
methomdsgﬁl?tre{cﬁtﬁ%qgge&g ang)on{tp glﬁlgan;gx%%g a¥n¥ ptrh\éjdé?: ? r%;gtggxelgla\é{ecelve
(perhdt}ﬁéfﬁdm an&lesicaptupt Seterd apdiuralityrofsides femieedi IFﬁE}nbﬁt,he pheality of

nput er. anal yzes each of the plurality of vid

VldeoffFaé‘?Féém% WBBsERhEY ope §anm%tﬁ ) efftﬁdebzaa ﬁb]@?ﬁtonF singtated
WeapSH nﬂleﬂ{b%hi éﬁtsOftheVé térraﬂ Ses dalh Of Jﬂ@'i)lur lity of video frames
d For
enbodi nent s, e conp etermne - a nmul a
to detmmmine hposttwm oﬁthefalmpmntanwmh (liﬁthe phealitppfivideo framebeln other

embogsener al I sat fniglgtd% the SI tfa&“g@grﬁqt@@'g 0| ]gltpo{'n? the

formfI9HAYHE rgeﬁ@rﬂw saBikBS&d l?)OfHé l}%ﬁﬁoﬁ BPﬁllé'aﬂﬁp&ﬁﬁnaa't f%@t‘ dHe of the
acroSs the plurality o deo franes. 15]

pluralzfii of Nisieo élsagml &hy c@mqn m@htt alse cwepwgdtracénrp;tbv laumufltcacross

C osition of an ainpoint. The nmethod, in
theplgra?g nrvbél‘%)ftr SD, conprises a conputer rece| Vi ng

5&) g{g per haps froma video capture sgst en
(0015} Jnanpthsr eremplans smppdimest, adagthodis prow ol for arthc;vmeﬁhe position

f
of an angi%g%:tt ggggrfbtlggﬁg flfm% é @o\kdglggljg%ac%ﬁrﬁ)%@@s' ﬁ&%ﬂlt& recf‘elvmg (again,
perhaps flem af\rldermnsaptmy systanpy 4 plemliay cﬂvMe:nframesd each Gf&hEpmmhty of

| east one past. video franme. nputer, in some
Vlde"%?&%fdln??éfrﬁoglprgﬁéﬁ 3% One AP OFH PF‘HECtB‘fB}‘ apimy) at6¢ WeaRY, the
plural{itzmﬁieB Fraflfel ﬁ{a cBﬁlpﬁsQ éJ&fiqe'ng Yided r4meWRd RORA 'oﬁ?ﬁ;tléri:fgldeo

e ai npoi nt . e plurality of known positions o
frameaiThesomputer,gh tsomo embpdimeatsc amalymes edahmfrthepleiadityof Gfeo frames

the ainpoint i.p the current. video fr nd/or at ..
to detprfyiof'a gREAIHY of EpedpostigiedT s BPaint of 1 Ruraif%pCinn ppsitions
of theldM@péint Mehs Eorﬁgﬁsdﬁl&ne‘ﬁt RSl p&sion dfMh& Skdpdin? in the current video
enbodi nment s e conputer predicts a position of the

frameggndios iahleast gng hfstqﬂﬁil lgl@b@ewéwm of ithepemppiatrin the apleastiope past
0t di d
video q”ya?l{ea gﬁd 29182%18 %ﬁl%g&)l%le osI ﬂ}e"X%n% e? gc 4 ng 9 ﬂ?e)sltl q utgt:]t Ct % 6nt ina

first sﬁb@qﬁem\/lvtdeo aﬁardeeagt, wWngvetiginid) perbhpl with Wi g(hfedm@iftfge a predicted
positions aof the ainpoint. The average m 919 be
positig Phthe @anwétrla@éecqm. sehsquaﬁtv@f@g‘aw with at lgast one 9§ths1plurahty
[ a r
ok oS i AR Ty SO SR S Rl i mig
dependoni anglatityafithe ampomt yndiogin acetleitiby of theaimppeinal i ty of
hi stori cal known positions of the ainpoint m ght
[0016Eorm5ﬂeg/a§y Way 6f alnp®d, Yr @6 ﬁﬁ‘ﬁ;ﬁﬁntriélﬁ%efng‘hft a %1&&\%131/ figh velocity,
nown fp05| tions of the ainpoint, wheréas,
the plawahpm rhlstmscadrbwvwg p@ﬁltl@nsmé [theet almpbylt rroght\scenmusesya retatigely

It or kno 0S n
ereatfli g ohiflth RO P GRRIMER TPy v s aimpoipy i
moviry z&taoéllaﬁaély h@wvxmmﬁ itid S10&1i6f oftHioRtAIRAGWA podGordTitR€impoint
exanpl e, if the velocity of the ainpoint is relatively,

might|coprise  Flatiyelytaler aympergf historical known positions of the aimpoint. As

another example, if the velocity of the aimpoint is relatively lower, the weighted average

accords the at least one known position of the aimpoint relatively greater weight (e.g., vis-a-

vis the predicted position of the aimpoint is the second subsequent video frame).



accords the at | east one known position of the
ainpoint relatively greater weight (e.g., vis-a vis
W0 b@ejpr®wad ct ed position of the ainpoint is thePGPUSVS/025089
subsequent video frame).[0017] As yet another exanpl e,
if the velocity of the ainpoint is relatively |ower,
[0017] hAss st BRether pxarglfe Hithe veleeity oithe awmppinds relatiyelnlewgr, the
I . . , . ] _
socor S5l whdoEahh e | AR R i 8 B S Reauent video
frameh mghifithe tdherityed obnedaisipbing iprelatively éghef, tlhereecomd/subeequent video
relatively further. in tinme fromthe first subsequent
frame,igpdbs ﬁ%ﬁﬁ&ﬁm&r, in ifer e @%ﬁ%&bﬁ?w@ HERA @ngﬁ-ea when the
aimpdifil i€ loVflYat Rir8REYVe1Y BlgBEt {locity e TREARIMBHY B trapolate further into
extrapol ate further into thefuture to calculg}e a
the fuprre th ctla@datpepradicied pasitiarh whaah dahdieniie ussé forfthe avenaze).
average). [0018] O her enbodi nents provide systens,
[0018] NChiUek dFbodith B brdvidd dysfem@inSMain@ Wi tHoR N fim@eti il ysRms
perform net hods of the invention. Still other .
configiiebioi nesivrs mathedsod theonvemioa. Stilptarsmbogdianents prgvide software
' 0 re ter- abl e.
proeef g AR PR R R o b R E R EL B E iRia. some
such jfro gRattisanayshesdxetmalile bp eomptdr sRtdas peffotr endthivde BF tinvention.
[0019] A further understandi ng of the nature and
[0019?0'%3?l RiARE ﬁn&&st&rﬁﬁné’()ﬁﬁ@ BBtuH‘éfﬁ%‘vaﬁa%%léfh{’e PrE@ht 756t may
eference to the remalning portions t he
be redipedby rafartnaerto dncremheming patingsoef th spegifitatiok end the drawiags,
nuperal.s are useq t hr oughout .t he. several drawings_.to . .
whergh 1K Fefeyefe fumeFals aied AL IPQUEhPH (B e SraHiB e o Tafer o similar
comp&itihks2 NBlsoms 1283064, alsB¥labél idaRodifEE WOMGE FeRE AlmRPY ah$is
~delimted by a hyphen to denote one of nultiple
delimgpdrby ahyplsmio demate one/pfamultipiessimiercomponente  Whea reference is

nce nuner.a hout ecification t

refer . W S exi.s
made ¢ FUERRE MGt e BB E o ot st Blgfe. 115 lepitg o
refer ialll sudli NGO Kiglitas coBfddehtsDESCRI PTI ON OF THE DRAW NGS
[0020] Fig. | is a schematic diagramillustrating
structural conponents of a system for tracking
targets, in accordance with various enbodi nents of the
i nvention. [BRIEHDESGRIPTICN @FJEHEDRAWINGSchemat i C
ifagramillustratjng a.conputer system in accqQrdance
IOOZOﬁA 3%%- alusiaé&%en&%di%%ﬁﬂguwt%@m%%lrﬁmnelpteeéz]syw@ for

tracking ta2gds, Bh Q%r&h@&mmvghkﬁg%@hh 6tk HPGE idRAtion.
conponents of a systemfor tracking targets, in
ccordance with varj ous. erbodi nts..of the invention.
100217 033 R e e G B T 24 LY st 1
accorddn@é i thGafbiP@hBYdments oRHERREARGE W th vari ous
enbodi nents of the invention. [0024] Fig. 5is a flow

0022 AR D T2 PO AR i

target$,ig atdovdnte Gith[VaAady enb@liménts 6f 4@ inventish.r ati on of a
centroid of an ainpoint, in accordance wi th various

[0023?”@?@4“{? Qtfﬁ)vxpéiaéllaﬁl SIMERhb@BE tracking aimpoints, in accordance with

various embodiments of the invention.

[0024] Fig. 5 is a flow diagram illustrating a method of estimating predicted aimpoints, in

accordance with various embodiments of the invention.



[0026] Fig. 7 is an illustration of an ai npoint
reflection overlaid on a video i mage, in accordance
wowdaok/overs ous enbodi ments of the invention. DERGI/LED05/025089

DESCRI PTI ON OF THE | NVENTI ON [ 0027] Enbodi nents of the

i nvention, therefore, provide inproved systens and
[00254e t Figdsisfanrillystratian af eentigid of anrpimpeingin a¢qosdance with various

i ro ely by way of exanple, an exenplary

embogﬁ%éélgsl %&n&%@{ndes a reflected | aser target tracking

syst.em t hat_tracks ? target wth a video canmera and .
0026} s g A en Ilwsationef ghampeayredlection ewgriald on a video image, in
accor&mg_@dimh%us BmBoARRHhsPAR il GRioht hm may be used to

predict future positions of targets based on fornul as

derived fromprior tracking points. Hence, the

target's next position may be predicted. In some

cases, tar geirAIRY BESCRIFADMORMHMPINYEN@ANDased on

predi cted positions. In certain enbodiments, equations
[0027]i rmbeimgntgiof Heunventign.theretome, provide inapraued sygigatsiand snethods

and second order, equations be .derived from one or
for tritiing Yaregts in # siilatiotihvirSnmns Merefy byvay Gexample, Sl excthplary
embotion el Brovidef@Irefl EiRideses karget ftiadkiBg sPdtert itk Gracl@CLiam@ewith a video
and/ or produced by the system In certain enbodinents, .
camexapng assosiatis coanpatadionaldggis eln geeainiegbodimpente aplesgd dqopqlgorithm
et ons Jf . . ey . .
may AR | RO RurdeBpBRtSns hrBoRbaG BRI gerh b SR prior
trackipg pomss i Hiencp) the targe?’s reRORB]tidnmaynbampdicted. desdme tases, targets
enbodi pent s of e i.nventjon_ provide_i nproved t hods
may iyl SPE}F‘S e ORPHIHRI PO STTLFRbOGiFenS,
equatRg !(ilnclﬁflfﬁ% WiltRuP Bfdtatidd) FTRRYde 3§&Ri0nS A8 dec8hdiBrder e uations)
trarners utilize visible or infra-red ("IR") | aserqs
may breodenivedi from arfeeor bmare viieo dratneai Bigigequehpmayalsé beiapplizt ¢o one

targets.on a projected i e.pf a shoqti ran .
or oy PR CFINEJIR °f v i Seosr AP rOGHOFAIOHEF siiort dpycgrtain
emboMinteds, GaRé FrRute\viseMay e RABIERKp Y PeaibtdddibsitidBs Firftirgets;
_ainmpoints fromvarious weapons, and, in sone cases,
this ppadéaiiios tmapk By MARASess CoBPAISAE Apfonhersntrdelaya ppdigpreqessing pipeline.
future video franmes, thereby facilitating the
[0028] d elftanfassedt,icenaia Rehbodmtsatef thé invBtseh womde imp®vedimethods and
future franes. I n some enbodi nents, therefore, the
systergs fRyslgtaraHiiRg plowearen aiapqipis siat BERS ARGTSnB MpRYEERs¢s small
oms BSnELRRS: B S0P 5L Ohol LA Ut gl
weapemiosilinmnstaaygess o 4 progechaddomage efla §hiooing rangen&dingrfeatbdck from
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105b, each of which conprises a device configured
weapon. (In other embodiments, however, the emissions may still be modulated (i.e., turned
on and off) at a specified interval). Merely by way of example, in certain embodiments, the
emissions from one or more weapons are modulated at a frequency equivalent to the frame

rate of the video capture system, which can facilitate the tracking and/or identification of

aimpoints).



to emt an ai mbeam (which may be of a frequency that
is visible to the human eye or one that is invisible,
we o/ 0a®74 R), which can be detected by approprPEt/@s82005/025089
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is invisgpleppeh Yriish sen podeieqtedrbanpyerTénivd drieciion Gquipment as
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canera or any other device tonprising ocell's, one
neglectingor baldibtar gEVQrcnnpireadndéwll effests].’ Il@[}i'lynpomt,sthm, Ican be detected as

oo GRS SRR RS S, S e

belowpufficiently rapid rate) so as to record a |ocation of
one or nore ainpoints on the projection screen 110. n
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cameld, b fixkd aipggal 1magtdga&widagsdcwans @Iah faevﬁles eﬁmaaabr lafly other device
further etail below . [0032 e video cagﬁure devi ce

compriping .péo@% ﬁfogworsraor&sch@@eccawle@ devicesi (des D hagEmilangeiyology),
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sense 'visible frequencies, sSuch that the dISp aye

10032) & e Ped 06 e AL ERsnp et 1 Sepbis® a il e apvor o

serlesodﬂ%ﬁﬂ iR aRay b8 pFojedtivh sere@APlrLan/dy Bctto&rﬁleaih{am@m ths vitRb
a visiblefrequency, a plurality of video capture

captugredqvécssl 2029 condigurrd tosense tha Eeauengr ofdhe aingreampimpoipf (Which may
be visible or invisible, depending on the embodiment(). In some embodiments, the video
capture device 120 may also be configured to sense visible frequencies, such that the
displayed target image (which normally would be visible) is captured by the video capture

device 120 as well. (In other embodiments, for example when the aimbeam is not a visible



t he devices 120 capture the target inmage and one (or
nore) of the devices 120 capture the ainpoints).
WO 0@88)99The vi deo capture device 120 is in PCT/US2005/025089
conmuni cation with a tracking conputer 125, which can
be used to perform nmethods of the invention as
frequategca plbwdity of Yidea ¢apturd devicds 138Imay, be useé,aaut:h that ane (or more) of

exa t he tracki

the de§igny 14 TAALSHG s e Eh Bk g e  EEL Atnf ARBeds 20 Bpture the
aimpdiitg). ected i mage by identifying the Iocat| on of the

ai mpoint. Merely by way of exanple, the tracking

Capt: (
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The p\(/)\%ﬁo g% alogso‘rﬁﬂg p\%lsggo% relgt Qg 5 K eEtEf‘%n sclcgsen ltllg ﬁ/o% the
captuiefiﬁﬁlkd She o1y bafturkmvtietlao Iaﬁd/abmuy be Reativeaxp @rprdj@ted target

such as when a trigger is pulled, when the weapon is
imageayj t t | ng an ai nbeam details about the ai nbeam

(ai i hbeam frequency, nodul ation frequency, etc.) and
[0034] hGIn laiskteof eimbodihass, each cfdhe sienibaed weatons 108 1stina:oininnglication

uter .may_ co nicate with a weapon
with § G etact REvife Hovhigh rreides é“%ii By ?twaerawe weapons

105 aﬁ‘d HReARkingRahp e PR “]!nftﬁi% NE¥ cRAAHIR! a %%naitds%n

frequency to Use etc. "The term "ai mbeam
comnfm(m}wen dlye! trmkmgnomputtdrel 3f) Kieta}de mlmqpt tife wénpohilghitsuelmig wheh a

whil e t.he t rm "'nmodul ati,on..fr.e
trigect I TUEROVRnY PeatHE i DR AT aiFah ACai T AR Fmbeam
(aimbe®d lﬂreﬂh&ﬁy%o@&lbﬁ&ﬂfredd&n@ﬁ RR:.)Cahg @B 1ikd) GLlﬁéma@ amsmng ht
not be nodul ated; in other cases, the ai nbeamm ght be

embogdimpntsihe ackingcqmpuerckRymahearhnpg cath avithrayveanoat @3 ¢¢ instruct the
weap«.I) Lio nﬁr?@g at?)?g&ﬂ{tﬁ g&ﬁ/ élﬁl%’@({l%ﬁ rﬁgﬁ?ﬁc’ ?r' ﬁ enC\ZI aﬁcﬂgr modulation

orn ases,
frequéiic&ft@n@rﬁtc.weapons 105a 105b m ght be configured to
nodul ate at different frequencies, to assist in the

005 O e I PR o
weapay sthelanthidem Smodelatioh frequenpygi cunnot@s tmbefse:quehxadwbb wwgh the
aimbetapni 8 modulated or pulsed. In some cases, the aimbeam might not be modulated; in
other cases, the aimbeam might be modulated at a frequency matching the frame rate of the
video capture device, which can assist in the identification of aimpoints. In still other cases,
different weapons 105a, 105b might be configured to modulate at different frequencies, to
assist in the identification of the aimpoints those weapons. In many embodiments, however,

because of the ability of the system 100 to identify aimpoints as described below, this

modulation differentiation may be unnecessary.



nodul ation differentiation may be unnecessary.[0036]
I n sonme enbodi nents, the system 100 further conprises
w@2absmay conputer 135 that can be used to di BEI/EF2005/025089
targets, ainpoints, etc. (or, for exanple, a still
and/ or video inmage thereof), g., for analysis of
[0036] r dnseme pmbbdmmtsc the sgstem 1méu1dh@pbmpne®rmusrday q«aapumyBS
to serye as ontrol

tat o B PR BB eEpiaP FE e AN ShEol Oheo image

thered#) ek L faf hﬁl‘ysﬁsf&&ra‘iﬁ&?’é}foﬁﬂ%eﬁ%t& Sﬂi’e displapeorpPeter 135 may also be
tracki ng conputer 12 The di spl ay conputer 135,

configusedhto seVgHs atsenirel ‘E@ﬁfﬁ‘ﬁh?ﬂ:ﬁ)ﬁ|t1@ﬁ§mem1(alth@1&hr9a°@l%?rﬁ@? control
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compmef ere?olSennﬁﬁgm bl 1mcormmynmhtlimr wﬁhl tHeatbdcRing@ompinies dBS (ag., via a
(In o%\her case t he di spl ay conmputer 135 an
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trackﬁﬁg eompstpt B35 mayrbcjtl'ersam@%maytew The dmspﬂﬁnnmqnltardﬁS\m albo used,

o R A 55 S SRS a2 BlAED. S S 13

may Héqmﬂhﬁﬁk%tlk%l WithitRed e aRe e HOVice(RPT 302 BShdr 'ﬂln@ct‘[@a&n\ﬁﬁ the
simlar to that described above with respect to th

tracking gempwigr blﬁrpmhethatllﬁﬁlay Foosmhicete vtk the derapensy G5k perhaps ina
cert t.and n r 'ces
mann%ilm@%r tggﬁqragﬂcrne ?%?Vc'euvglgh %sg?cg Po”ﬁ%‘trgéﬁng 6%41€ute1d £5.
a tracki ng comput er. 125, control workstation, dis
(00374 o rip e eqrdanss vy n&ld‘ﬁ&ﬁmora@b&damflﬁ?,ﬁé?@éarééw@étei% %rnﬁmps may be
t r
Conﬁ%'?%d\in ggggﬂgeene?é?ﬁ?%? Fefu%t rat '%r%z( do uté:n% % &rrrlgr r% Wo?(Statlon
displayaopipuesr 13§ ahdor @09 interfeice deviny 1@ aed/@rrm mgleméntamthms of the

t.he conput er s/ devi ces descri.bed_above. nput er
inveniiga; Efgobpioviden b gn g lnEAg O SR B AL RSPt system

200, Wﬁiléh %y@e%ﬁ&ﬁbfaﬁi &ﬁ’an@%f%@&n’(ﬁtﬁer@/d@ﬂ@es&@cnb@ﬁ%bove The

ardwar e el enent’s may i ncl ude one or nore central
comppteo systan 290 srshown @@musymg h@rdw@rﬁeel@mem that map be ethetricaly

215. o | S a ke and e.or )
couplgtFigladif 205 HE NG eR g e RE Ry ifaeling 57 it ey Blocessing
units [CPUE)EN 0; &feCor)mord Ngput QEALESS SY.E1, @ MMotidé) aﬂ&)yb@érﬂoetc ); and/or one

i ncl ude one or nore stor aae devices 225, of

or moss aphtedevipes 2 4 e gled display levios arpaiptasectel). SFK%I¢QWI@§CT system 200
ti cal 0 Lce [
ey R Ee SOUAE KA RGO B YT TP A Beices 2
may Yeatisk driNey, ¢prignlr sforagdMiges, soflidaimte storage dpviogsirini alréndom
fl ash-updat eabl e and/ or the |ike. 0{&8 38] The conputer
accesg {PEMORY Em@éﬂmrp%w YySTRREY § S el can b programmable,

flash-SRERMR aldRRIRdliE. St or age nedi a reader 230; one or
as re commdﬁﬁcatillons system(s) 235 (which can include,

i nt er-devi

tati O I'o I at

0038f, i ommuiRsiiet Ppp il sAB RGBT BB Rspahy padable storage
mediPRaddr|280; RRIdr morb/eBmBRinfcationsEHReh?3 235 Pvhith AR R IRie, without

networ k cards and/or chipsets (W rél ess
limitation, any appropriate inter-device communication facilities, such as serial and/or
parallel ports, USB ports, IEEE 1934 ports, modems, network cards and/or chipsets (wireless
or wired), infra-red communication devices, and wireless communication systems, including
Bluetooth and the like, to name but a few examples); and working memory 240, which may

include (without limitation) RAM and ROM devices as described above. In some
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or wred), infra-red conmuni cati on devices, and
W rel ess communi cati on systens, including Bluetooth
war@e®74 i ke, to nane but a few exanpl es); anPCTOSI0FI0R5089
menory 240, which may include (wthout limtation) RAM
and ROM devi ces as descri bed above hi soneenbodi nents,
embodimentﬁo thswomputsy syssem 200 rrmeryllsal isdudare progessmgmeedleratipmynit 245 ,
ich can i.ncl ud A DSP, a
whier G844, BSa L nse B Bupst bRl S5 BT B 00367 “rhe
er-readabl e storage nedi a reader 230 can furt her
[0039ber1r§@m@mp@&rwable@tﬂﬁm@¢dla Eadend ) capdumliss bpsennggied to a

nat
comp 836yeabME Gl Ay 2561 GRBh et and oYl LBl v
storageeai@pice(s) L2 abmptdherdyelanehresenti enrevain, docal, dixadcandérirer@svable
pl us storagte nmedi fﬁr terrporarll and/ or nore

Stora%?é‘ﬁﬁﬁﬁ%hlﬁlﬁ ORI 5 toRnase ¥ prd/en QKT ReMARGhetonkining
comp Iéaﬁr&emy Hi6@hdtRRS ThY SbEMRlcaddms sﬁ@ﬁé R 285 tm A BmttQalto be
exc hanged wth a network (1 ncludi wi'thout INimtation
exchanped with wcwvorhﬂndlaémglvbdd)uabm%etuandhb amet\mﬂ; 145 Hescribed above

/ di t at
andiof FEP YA Suttmramdinist 6es bndienenafioll i diion ke blhuca
comphi@rs! d¥8crieata8bVel N resp@A4Oihe ERGemompyt er system 200 nmay

al so conprise soft vvar e el enents, shown as being

ur, (N [ kl
[0040? n C’llthgrgzl l'ré) e? ggsg 2P A00 G S'%l/sgtce nip nmsggczf{(%}g egeg?eg\ﬁsy shofwr} 354 being
curreral4elot Al withiard workesy aémblyca40s tictudiligwhooperipgrsitem® S5 (such as
%%{)gt ens, UNI X-or UNI Xl ike, such as Linux, BSD
any o

avgpbleayarisesgfdYlisresottWindops ppersag a:fat?*igs HN¥errgr UNIX-
tg e
like, s?gﬁ & IZ@% S%%%‘r\q@gs—dj}ne o:é %?@E’a%% frglgtg |0 n pH%%r M’ Eic. The
softw frefelannenitagantfertiber ingipdd athér code 269,such aooel qunard appilcatlon

edures.in accordance nbodi ment s .of
progr R TG ey 57 ah 4P Urel P e Lo Ee (AP o RS gggordance
with @RR)dihédts 8Nthe WRRnREDWS el a‘é’%Qlléﬁtra‘f)Fﬁeatfi‘fhdse}\be‘? lapplication, web
application, RDBMS, etc. he application prograns
browsenywebeseties,i rgndet@brtappluqapb@,riﬁaBM%teMd Shefappleationpergrairghmay be

d be reci.ated that alternate
deSIg‘&%gS H%Fﬁeg hgd @Eg e tqutem 200 may have numnerous

variations fromthat described above. For exanpl e,

[0041} ,Jt shomuldlr apprasiniedthai 3jiemale ersbesimants @f a sampnter system 200 may
I [
have r\il)\gs;'\éﬁ{altlﬁllé trg}zat p'a'gg%{ogﬁ’ gb%\gp t%?%ﬁ@& cﬁsgg{lge\%{a?dware
mightaibs{ml ehsgd amt/oﬂmtrﬁlculaﬁwlédﬂ@ﬂs méght be dhplemehied i ha@tdware, software
nput i vi ces uch s a dat@ interface device 130

g dev
(mcluém,g I€ spitwass, suc? W derjeish SF DP8- ddithete camgetigisioinge
\/
comphiifid oég?d.%?%ghsa?ﬁndé‘%?%t%%‘a‘? deVIBY LR o BRLQUCA 012 v o R hure
devic§ 02N Rptwank almldt)utpﬁt davivesli ate may b dnpdeyedngyingoamy wpproptiste
¢ dcgnf@gure a software application (and/or a set
standzsl and(Py propHc B’p"f nB%‘HOBF‘rs) that enable the tracking

conputer to track ' '
[0042] In a set of embodiments a tracking computer is configured with a software

application (and/or a set of software applications) that enable the tracking computer to track
and/or identify aimpoints, and to perform other methods of the invention. (In some cases, the
software application(s) may be distributed among a plurality of computers, which collectively
perform the functions attributed herein to the tracking computer. Fig. 3 illustrates a

functional diagram of a tracking application 300 comprising various components that may be
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and/or identify ainpoints, and to perform ot her
nmet hods of the invention. (In sonme cases, the software
wappbiot®rs on(s) may be distributed anmong a pl uPel/U83008625089
conmputers, which collectively performthe functions
) attributed herein to the tracking conputer. Fig. 3 )
included iy Seohzapelcation(shdn jaegpadange dathasemerembodimagiis. n@g‘“le a particular
. licatl 30 [ SH:N02 AL C g may
funco B ekl R SRRALA A0 e HIRARER Bl ARG, 1T
embodidehtsanbpftatieai diffefotih iatrengenieat, tand ohaskifledat tho mawill ascertain,

arrangenent is (llustrated by Fig. .3, it should. b
based&gaﬁh%gﬁsalf)@ae PRE: Sk @nce%%&”ivth%m%ﬂ%weé &mg%glatﬂ%u_ted as
necesgiril %5§$?fﬁﬁrﬁ9&%@5‘ﬁwa@3?rggpﬁerﬁéf 'ai)}hlﬁ;‘Atibﬁb irftaﬁ)art%%{/ic&).l |

scert based on the osure herein,

o Al s PSS ) BB P
interfR&RF05 CRhicARErveNW @AptudeVides ad/od iglagdfréiQ video capture device.

i I'lustrated enbodi ments, the tracker application 300
The video|capfuts iateyfage 30 Teeptasite racatve theioergsGh and(pr lormatdhe usage(s) as

to capture .vide ndlor still..inmm frar [ .
necestady PR BT St e abpy P R0 abP o d Bupojaiocatr
moduled 10g GBichecizahé gpR(sI Yorghaet @k niaddhimd pdsbibld 41m@oinss. 1% set of

n,ecessar}/aéfor processing by the system The

embogdispntscthe faseet Soptaamastulsrepishesfos luninpeneand{op ehogrance values
matcHIES Eé:"t of f)gteﬂ{‘,@%]]ﬁgs %%p%itﬁiﬁ% sb'{?}fgﬁﬁﬁéd ng{/onébg)%ggllﬁﬂrarglﬁtﬂgesholds).

t chi ng possi ol nts. a set

he target | ocator nodule searches, for. | um pance )
10044} gfec st SO TR IHREhiAr gl ringods S applics a
ﬁlterﬁ{@h _ﬁthﬁr?toganval})é’b [ Iﬂiltt@m% %a[tcgiglﬁ?‘és'siﬁ?éjaiﬁ{ﬁgfn@i In an embodiment,

confi gurabl e t'hreshol ds). In accordance with
the filtaying abgdstblom eempsres sheradghrithms againgtian gxpestke shap Such that patterns

appl i a filterin orithmt.o anal yz he tern
not maRRine e Sipscieh Sharednilsh At & iR B Ptar e dsiiifhcts of
the vifléd é4phird ProeeGOrN(AlthoUGONRK ESclibRl cthiddithédistheagipsists a2
expected shape, such that patterns not matching the

expeciodife beeanagpldy eadinh iy drapejoter smbadimgntryoight ewpleyisémpoints with
v SR S it B S5 PP S 88T ares

are_expected to be generally radial jn shape, other )
[0045¢ s rRffteEnIngAre BRI ipfo itherabedtimenis pREymRIRYIDE S, filtering
o 8L 1 5510 50, PR g o v
of thetdmapoiatsga narttrogd kbeatodd2D (ooates the cemtbmd iofiéhetasmpaint, in order to

enpl oyi.n ilteri modul e, . all identjfied tterns)
detertinrecist s e vl p e PR HRSTALF Fepeaii i esempty Gpdiment
for de®frmiMhg 1l cchSidas aReHPEhelGw GaIM regelt toIGRIRTOMBE procedures may
| ocates the centroid of the ainpoint, in order to
be usgfieasev ¢ll. nEhegpeationalf yhe geatrpiddhen mighd be assegned s e positiohof the
int. e exenpl ary enbodi nent for determ ning the
g{gfr?lgiagdmi) sntdescri bed bel ow with respect to Fig. 6.
Ot her procedures may be used as well. The | ocation of
[0046] 1 dn seme coabadimats: Aspattel Bensiaien Padaanke vied Ipearect &1 apy
defio e e e S b B P ARl pY AT BE LR here mpy b s
distortion iretht video captyre device, such that the captured image does not accurately reflect

...al
p051t1§%

the actual position of the aimpoint on the projected image. The spatial translator, then, may
be one or more formulas (or an array of formulas) that correct for such deficiencies. In many

cases, the formula(s) may be determined and/or calibrated based on empirical comparisons of
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deficiencies in the imge capture process. Mrely by
way of exanple, there may be lens distortion in the
WO 2@en1®apt ure devi ce, such that the captured POEYS2005/025089
does not accurately reflect the actual position of the
ai mpoi nt on the projected i mage, The spati al
actualgimpeinhipestion With recarded Bampniet positiporfer 4 parowlassystem. ayuch
rr of .. f.or t cor figy j.es.
rorm i Q5! BBaFSr 8 of SR ChSBBAE
dependitlgi dartht eptidansleaadderistiopof the &ldeo @pprard devive, ik 3pitisdtranslator 325
ai npoint position with recorded ai npoint position for
may bg UgBeeesiY)ar system Such fornul as (and/or their
coefficient), therefore, m ght be systemspecific. (O
[0047¢ o A fiez undegemgdiang necesiane syiti] ic@islatioay the revordetliatrapaihts are
t he video capt.yre. deyice, .the spatial .translator 325, .
processg] bl af AL BSERYIer 5P &M HeRERes P BOhes Gepoilic simpoint
(perhd}R GRRDB P 1&BRY AlaithpARS), Bbih8 A prédiGed BERAGEHiRloIPHONSscribed
are processed by an ai npoi nt identifier 330, which
in furthdedatait bedewhnFigi fpstsiseribed dn detsip belofi, dlvsiraten pme exepwldrppssthod

or 3R st e o BB et R B R E Lt o an
aimpdd@ Hdry 15'% 335 for thi@ aGhpdiRd The agp&int hibhPMg 33k [(WhichaiH50e

~one exenplary nethod for identifying an ainpoint. Once
storedgipy aglatabasane flasfilecpadior pnyether suitablgiata shiyciuse)abienkd historal

Y i nt - hi : ' i The

positi s THacH ind 081 Yryiih 12 ol ol 0¥ [BGUbees) "7,

dat abase, a flat. file and/or any other suitable data
(0048 ¢ ﬁfé?i%sh,e HTPBRIREhiRfoLY, griprala generatpioHl) ganeigsyp formula

. I . . a . . S
deseriblife ) Fiion 8F ERRUaL iBipo AT Bart¥ar el pEABMIABAE ! formula
descrigmgahamotiod 4Damanpoatt éekeatfedomulbfl descri bi ng t he

notion of a particular ainpoint. In a particular set

of enbodi nents, a fornujppdegeribi ng the notion of an (Eq. 1)

ai mpoi nt takes the formof: aTL2 + bT +c (Eg. 1) where
whereT jsa time value (uhigh mayhiesalcmajeddasedhdre e draot dotesddheoeaptured
. e.of ,the cantured videq, and/.or il .
video ot Ml % B AcoeBRIGN € Y BGRIHUR bne bl fpg vetocity
(e.g., frfRES perfrirse)tan@ cMetheGirigihal fosition dMth®tricied aRfpoint. AMBIme

and c is the original positigon of the tracked

embodimeptsi the matipndarraula isdsaived Ry Sittingrocurie faghselestad nuanbes of
s8Nl 0900 UL B SRKTEPIENHGR: e oo
history 1dgai35).s Aslesiribe fisrthst belew, inrcetthin anibodiherits,hsanyerlofg

.. 335).. As desgtibed further be]ow, in %grtain i
hlstorgﬁﬁ%'alm’é?ﬁ Wwed {heenTate thoeTRIE Y YAy (8F stnee. ovithsisepect to the
currerlt ReBEREH Ak Anp I8, LRUSBBed'BY othef Bclob9" Ih Hﬁhf\ BfBoditehi}, the

respect to the current velocity of thé ailnpoint,

formudmdifsomnbiba tecpositiontofieny partitwrsjimpbint irupdatedisonitarghyt (s¢., at every

the fornmula describing the position of any particul ar
°4”m39ﬁ68Fﬁbegﬂﬁaﬁ%ted constantly (i.e., at every
captured franme) or frequently.

[0049] In a set of embodiments, the generated formula together with the (possibly
translated) current position of the aimpoint may be used to determine a predicted position
window 350, which is a radius from the current position aimpoint in which a position of the
aimpoint in a subsequent frame (which might be, but need not be, the successive frame) may

be expected to be found. This predicted position window can be used to identify the aimpoint

in a subsequent frame and/or to track the aimpoint, as described in further detail below.
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[0049] In a set of enbodinents, the generated fornul a
together with the (possibly transl ated) current

w@omeiem of the ai npoint may be used to det er PETYESH05/025089
predi cted position w ndow 350, which is a radius from
the current position ainpoint in which a position of

[0050] hdn aispipdiemboidiments @mwle@md fbna\nlé apddar B amnpeint kistory may be
povi 4 g A E0  AB BRI M P A O o

averagtSefth predicd pokitiyn bh@n anm@mtnﬁ a fitu fedisagUestt of histeical
and/or to track the ainpoint, as descrjbed in further
positiefest far thahaiPpintoessto Moracgatat ey Pesdiso it RositjqReof the almpomt
|
P73 5 AT PR, S TR g S E S B . iy
more histomihalcxalﬂued etayrbvi coesiderad trothemivglape, and/av ﬁroaghismﬁ*ical values may

redj cted position.o oint .in.a future frame .
be weliedyebBy ok e D af o Rrs ISt i sy S iggeas f the
currert Qef%&t& of fhe raﬁnﬁ&ﬁtulﬁ @él%%l@ﬁ@ﬁl t‘ﬁEn fv‘litH/tel—y ﬁw@Pﬁﬂs@o‘n@ﬁl pkitions
the aimpoint. (Merely by way of exanple, if
may beigonsidered,aindor the lu$t0t1¢1aé pasitipas mey bs aqcet@dlrvleuyely tass weight in
th relatively nore historical values may be considered in
© aVPHE aver age, and/or those historical values may be
wei ght ed reI atively nore heavily (accorded nore wei ght
[0051] 1 lﬂw She prip@pledatiif the garrens velogity wele@éwely low, 1t is
vel
relatl\%lelﬂg?lg é'i@%a])p%lgg tl%te E[r%%ngg lrlrsaf% %sﬂ?%gi?n o%@?é;pdalgé %04 ¥§ a%/ RLseWelocny

or accblesdtmhlawinom)lﬂteﬁy s aﬂ‘ﬁﬁaChQ)f aecddetechphuge systers bﬁd/bﬁﬁ@oluntary
in the avera e. [0051] This is based on
moveﬁpmﬁ ef Pleaveapgp. sieh by rV@@ﬁtforv@r%r@htveliysless&ks%y tvénaye

predlétiQ/vaaqu Cont&say, 1Y§Je3éuffgﬁtevehdc§9lls)’reimtelgt}ﬁ@l Gt 1@&{15@\{(3{1 more

focusing al mon one pol nt variations in ve
likely ¢hat sloctedipeeas troversing theaim dfithewygapon, Hrehdhdtitfiembtomnfortmka is

u stem and/ or involuntary novenents of
relat“feb?é ga%ﬁy {031?3 aﬁécttlvgdéﬁ‘ ®variations are relatively

less |ikely to have predictive value. Conversely, if
[0052] hdig lﬁrdeémbee@n@mmylar}sprpe@datq fpe porfornyhg this wieighting

deterntuﬁlat%r{ f{ieztlc%{orao ec% \Avlsg h:c()cgel 1n ¢ ath d{nlrhllgl%tts%) %ﬁ)&énﬁﬂ g‘;lﬁe@rﬁﬁ’el cag%s this
weightd Bietage i pOu&dltb Ketleiyfnin@ aﬁﬁ’étﬁct@d pékitdr WhhdeH, Bedescribed above.
[0052] Fig. 5 describes an exenplary procedure for

[0053!zn.etrIL§Homd% a&:B t%gtt Wide ?Q%rﬁ}élg}m}lé cﬂlai &rﬁ?}o%ggﬁgpecﬁlustrated

certal rrehts 0 | nven
by Fig 8sess skiilbddsin whed :g”thﬁ agprediatg ¢hat aIVahaylmfeﬂnta@ fuletienaticomponents

may b gBliyuid Rl apwshenlyeei bR bt Sl be SRR

$M%t h Of |
comp LA ST U6, W e o

example,ertam ffmgtions oryinot nerdan e psriomyedomdshizsnay b emitfedrfrom the
tracki stgem fically described above, and/or the
rac %‘?@%Pﬁﬁ Fon of conponents, as noted above, may be

fied as appropriate. In particular enbodi nents,
[0054} orA@klmfrp?t@f cabedments pravidromstheds, inrdedingwithew liseitation

method§ 5;‘ %reﬂﬁgnr%'%dy& Lﬂ&cﬁﬁg 09? OIOIWOI‘C aqglpgirn%m Fi E 4 illustrates an exemplary

method 400 in accordance with some embodiments. Methods of the invention, including
without limitation those illustrated by Figs. 4 and 5 may be performed by various components
of the system 100 described with respect to Fig. 1 (such as, for example, a tracking

computer); it should be appreciated, however, that in other embodiments, different structural
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tracki ng application. [0054] Another set of
enbodi nents provides nethods, including wthout
wo evsad7on net hods of i1dentifying and/ or track¢HySmwnE025089
or nore ainpoints. Fig. 4 illustrates an exenplary
met hod 400 in accordance with sone enbodi nents.
systervemiap g usdd. tTHe meihedstafdhe invertiondtherpioye: 4re mot hmnted totanon
. 1 J 11 ust d by Figs. 4 and 5 may be perforned by
paﬂw%%?l%ﬂékégﬁﬁ%%éﬁts of the system 100 described with
respect to FH?' 1 (such as, for exanple, a trackiQ%
[0055¢ o rhhgtragthod 4Q0 el gy 4icasBprissp FatwERER VAR fileebloglh 495) s
deser g B0 R e e e R TPl
embodimuintsg dart conaprise peaordiag itteer videvfrares with aswid¢ccrapturg 00GSE and/or

The nmet hod 400 of .Fig.,4 conprises capturing a video
captup e TP Ay ith AT A0 SRR BB S IGh B * SUbY At BAgicgon. (In an
aspect ti8Addd @pRiré WEVied) the €lBbo EHtite HitbrfdcelafBBE alcBmbination of both can

alternative enbodinents) can conprise recording the
be congidpsed 4 vidae capitarg sastengeQthsa progedurekemight bensiidas well. Generally,

.capturinag.the recorded frane with.a vi deo capture )
thevifiHPagtos S P oSG Setbrode i peat o othef HOu ™M faprod image
includeb@ d¢pidaen eaRfledtndTthEAmpblie.) VAR, bh&or MbRIPoasiBle

and/ or a conbi nation of both can be considered a video

aimpoigfp preridendifiede i p setod embpdisecaii, pedesaiipast aboue, ppaitegsmatching

: | i ' ' .
o b GEAREE gt A9y 50 LUy G AREL B rgions o
the captuageframe tondestify pdegible taimypoints. ref | ecti on of the

ai mpoint.) At block 410, one or nore possible
o0, VRIS A, KR0LLALALH ) Rl Py RO PR i
415). Usedet of codhmdanants, defenamoeg the gogtion bf theanupointahighs iwkarious

arious regions of the captured.franme.to identif )
embogienfi e EasR AF 2107 BOSRLT e GE Polfhy T BtipR dering
possit8 ainoels tPdisRE AifAes, @odﬁﬁﬁ%ﬁ t&irodd of the afh PR 4hd/or assigning

(block 415). In a set of enbodinents, determ ning the

the logagioiniof ghe ewhtrelders dhapasitivm afithgheimppint gad/poperforming any necessary
. i v C [ n r_mre procedures
spaiaf RRRRROb & RSB Er PR rBlon R Pl A6 Rty yscem

ainpoints to discard artifacts, |ocating a centroid of
[0057] hdn gisgiRSiembodiegnds: thesmethad AQY fisther exrapmissh seiing He position of
the aiﬁg&:pf (?Jlgckalﬁzo i PR éﬂlw?mﬂént&,ﬁﬁ B(%S%P&i {ftthggi%p?ﬁnt is saved in an

perform ng any necessary spatla? ranslation-(e.qg. i
aimpasirhigtaty 16grpeshaps diehg evithrecihesndlogitdi édentifieo(vaagh might be a time

syst err?". 0057] Ln a set of enbpodj m;nt s, .the pet hod :
Stampy GEME GPIRER SCInPPICE&an 440V iy AHE SISO AIRRRNIROSHoR over a period
of tim@! TR pRicediBbOK 164914051420 VBN BRPOIFBALS thdrbty %apturing a

ROSItI on of the ainpoint is saved in an ainpoi'n

plurality of widgo ffragpes prd/oragey cwpogp hstotica redordabiiogood positions in each
identifier ich mght be a time stanp, frame nunber,

Oftheé’? ?@t,y o\m?dgﬁ\’f{aghesal | ow for anal ysis of ainpoint

osition over a period of tinme. The procedures at

100581 JhidockoR2542 TS RFigINGE farshemodan of Meémgoint. As deseribed
above?ﬂlpstoﬂ{e' e?l%o%iments, the formula is a second order formula, such as Eq. 1. In certain
embodiments, the formula is determined by curve-fitting a selected number of historical
positions of the aimpoint (which may or may not include the current position of the
aimpoint). In an aspect, then, the formula generally might be satisfied by the position of the

aimpoint in one or more previously-recorded video frames.
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plurality of video frames and/or devel oping a

hi storical record of ainpoint positions in each of the
w@bwsalry of video frames.. [0058] At bl ock 4PET/U82005/025089

fornmula is determned for the notion of the ainpoint.

As descri bed above, in sone enbodi nents, the fornul a
[0059] 5 Af beskotHd, & futute pPEHiAD |0§themnomélsmqed@ed | Rheptedigtion can be

S I
basedé%ﬁ?@%foﬁq%tﬂt fﬁr fhlag%éctet nrg‘f tlgﬁ Anlﬁl er o ]ﬁ%g\?g}ryosm%n of the aimpoint in
one opﬁﬁfdﬂréﬂﬁu@ﬁaﬁléﬂrﬂym’pﬁ Qirrefnframb, arEyor@n aneiyerage of both. In some

include the current positiaon of the ainpoint). . In an
cases,7§ dsrqrived lqye: @ veraBmisiaavgehied awr9g%a€$( r {he Weightingjmight

t r
deperor AERBS: bLES Hidihs R L 3EH AR Be pecplgtion of
the almpbmt wtee). Jogi & 1lkustraués anhexeriphguy embodisnept efi methdd of halculating a
d%rde i cti %f dontheforrrulafor t he notion
predicigd pasho Q[ij ‘?ﬂaWSIrg I@l’fSWﬁ ‘position of the ainpoint
in one or nore previous franmes and/ or the current
[0060f r drsome n@bgdmmntSaﬂieatvgp(ag@n@Y bptragked |(ploglo A5 )c Mersly bysway of

bed
exam}glﬁ,atflélgm?%om ?nveeai%{l%?gs%]ye%h o 0d@ Sfrag‘le\é% teeu e? ot::r]&g? tall|mp01nt

acrosd PEfYdNAf tinge, gllowin@&'ox\/@aﬁﬁtlbly oP4 trhinee.ai n'pOI nt, the
accel eration of the ainpoint, etc.). Fig. 5

Il ly t
000} PP SRHSCHR B TIRRCh Tl s BN o
predicakpasiteon ¢fGAGLHHhpdint lse iecreedvabdishet) thmf ptekiecteal pqsmommzmai;e used to

. .he tracked (bl ock 435). Merely of exa e, the
ldenu?)rwﬁafrmnﬁ Rt g A S e W XS, i §orpgcases, a
predldﬂ&ﬁgosﬁt%nt\{/ﬁ\ﬁgw%ﬁn 8E DROMBed 36 L8Ds@ubR ke, OAn binoint falling
low ng for evaluation of a trainee. [0061] In other
w1th1rethbbmndewt ig tha msmumpcfraame ey nzg beddamtified agl th(ebtaob¢d aimpoint.
ition_ of..an. ai

Moregii i necrssim ufles amerﬂ%?atgf%a xS B B g Eighin the

predidt€d psbaitin WindbWy agiapgdint frérd tRo B h@wm@qufeﬁtaﬁﬁneﬁﬁa be
exanpl e, as noted above, in sone cases, a predicte

analyzsdp detsrmisic ndoicnattem. dAihetimatier pateym gatistips tgwegiton formula
[
for thg (0 e T B gl 1 0 bl b DB Mt e
trackedi difppoint.. Moreover if necessary and/ or appropriate
(for exanple, if multiple ainmpoints fall within the

[0062£Dqg 'S%@gas%@sthé bl%ﬁlcY@ gg)@i’ﬂ)on o@'fheadl Binbls JsEPD di¥¥heRfsh the

re subsequent frane be anal yzed to determne a
aimpcmm frcnm ap@hg erplturallltly off Iaammmms (WockpddS) e For saimrﬂé |1ﬁt$le1tehaee a

for a for the tracked ai npoj nt
pluralfy of RGPS B AtHch # BB JFotey PP RUAL 1 fal ReBinfBe predicted
positibh ¥RV GnIRAUidHngulsPEB@E tHetrRREEaiGHDER) frbhehdie Rkt (ﬁlﬁ‘gutmde
position of the ainpoint is used to distinguish the
the pradistsdipasitibn vmndovbng a plural ity of ainpoints (bl ock
445). For exanple, if there are a plurality of

[0063Ri MOMdIEGalod6 aiheshnlyltagesOa WeighfddaWeragé bLtha infiidnTbrrikla for an

falls within the predicted
aimpoint and the positional history of the aimpoint may be used to predict a future position of

the aimpoint. Fig. 5 illustrates an exemplary method 500 that can determine the weighted
average that should be used. The method 500 comprises maintaining a history of aimpoint
positions for a particular aimpoint (block 505). The history of aimpoint positions may be

maintained in an aimpoint history log, as described above.
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position wi ndow can be distingui shed (as the tracked
ainpoint) fromthose that fall outside the predicted
w@oe1eM wi ndow. [ 0063] As noted above, in maPgT/USHET)25089
a wei ghted average of the notion fornula for an
nmpoi nt and the positional history of the ainpoint
[0064hay°xttié0<1ks%1@ & bispore avmglag flepth isdqtersiingdo nlhsrthigtpyey averaging depth

s BB, s o S 057 B SRR P

predldﬂaﬁp‘bsnﬂihe m&m&yFaQ@ragmlngpﬁl&ﬁ1 ghitbabedbng varisblespy aperture
ai npoint positions for a particular ainpoint (block

wmdog@gl} whighdhe, y@pgpwa@(or&pgﬁ;@pﬂw B%%’F @}n&%ntﬁhyegén SOme cases on a
r .

o34 B 5Ll b S g8 SR i

should be detde Merakydy \iftbeoﬁﬁxamptw saueembodigiedsprdvidetat, mb%es where

the velRO ENG SRIFa Par G RS P BHAIC FIRTRY Bivater R gisgorial

positiRsEIRY isD PoFdtsTrdmh Bﬂt rf8rdeassdboqParies Y@ire' haBl Brhk @P&aging history
aperture w ndow, in which the velocity and/or

depthaccel eration of the ainpoint (based, in some cases on
a notion formula cal cul ated as descri bed above)

[0065f e TR diBo 1500 myzbns@fncme deeshidigNa et r%bhétlsﬁl aistacdeblock
used. Merely way of exanple, sone enbodi nents

515). ﬂnévma émbﬁémnen snwhg the ViglosH andfer gesplsratiop of ey aimpoint is

relatl\%?}gg (gﬁ I(i?stde? ‘Me% bryethé{‘dg}’l:s}é a(frﬁ‘[m %o{r 1k Jl&%?]h \QSJI és(x’ample), itis

usefulpo ek traiste ﬁé\@ml Fﬂﬂﬁtes irte medthdlre/ tajlﬁedlfct apssifiorasfthel s@tpoirit.
tPe alver agi hg history depth. [0065] The nethod 500 may

When the yelpeity apdéor qeecderation #§ relpiiely foxfss1 seh srirgnokationaray not be

)

s ebo Bl BRI GRAA AREL A BB LULIEL Bk

predlo(cals(bdm:kéﬂﬁ) meigttye mheomformola foothewimpdior. t he ai npoi nt
for exanple), it is useful to extrapol ate several

[0066f I AFodkE23, tHoR, d WeidhRd bPerREEdideter@iRAS it b 98 Pbmbb&iments, the
ai npoi nt . When the Vel oci ty and/or acceleration are

weightes| ayerage I“yll takiganto asemimt b@(thrtbfpblﬁ@ty averagng depth pad the

L N —

accele(rzli.‘tldhfﬂf tB28linpolift AYIdWeclBEtieR ﬂ’orf &ﬁiﬁplean'fo% hikfogical positions will be

npoi nt. [0066] At bl ock. 525, then, a weighted

used 1a\vla€r BEEgesadche P’FPF%’éHiUOP distanse wvilhpe ghastsei Henges thepmetion

formul¥Eis QPE S8 AEERT 13% we1%1’ﬁ tﬂ%}ﬁls&)(fﬁglg{bts tﬁ)@g Bretdd€orded relatively
I story averagl ng e extr

more eehantlas cﬂihm:rveﬂoghmedthamé rag:eestihuaom of podﬂzmemlobhamgd thet

vel qcl.ty and/ or accel era n of. the ai | ow
would EnC b a€ e Y mRRaR EiFiril PR Rince G MR ShXs prhsR RS velocity s

low, Iﬂwehle% a':r'§§f$ré f‘kél?ﬁlquﬁlﬁﬁgﬁ'%st@rﬁQrﬁﬁ@ts %&/BPﬁﬁéliitlﬁ\R)nuntzll?

di stance wi | be shorter nce he motion formula
movenieits ofl traeneat iCombers¢lisat hughi wphacitiesnthe ehzarilattonrdigance

increa; %ﬁatdeféw r ?06 nozﬁggqrﬁgld&ﬂs%o?}% Igﬁ\,éztlg%:/ﬁl mﬁqF gﬁéghge?i[ dveL%Ie:.S’ This serves
to alloM0thetshQedlto etban g utddéy predict a position when the aimpoint is at high

velocity, since the motion formula will have relatively greater weight. (In other

embodiments, either one of these two measures may be used independently.)

[0067] At block 530, the weighted average is used to determine a predicted position (which

may be a predicted position window, as described above. This predicted position can be used
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woul d result fromusing the notion fornula al one,

since, as noted above, when the velocity is | ow,
woreweirerrs are nore |likely the result of systerPCT/US2005/025089

artifacts and/or small, involuntary novenents of the

trai nee. Conversely, at_hi gh velocities, the
to tracky ideap i and/ayliginguish ee 2impointagsedescrared wigvrespacoto Fig)4. Ina set

I
e I

averafihg degth add /o0 Hetex@Bpolhitsh dlbl@n(&l, bavetl oh thesvariable sidpe aperture
velocity, since the notion fornmula w il

windqve) TBRY besgmpptedhatapn-fisieg Hp other ﬁmét)qlfmen@n%?fgm@%may be pre-
d
compfleh A EBRPe), %?%e@e#a“@z@ﬁﬁfp%é@@%‘ﬁ%fw?ﬁe“iz. ght ed

oo} S MR il o Pt S PESRLd A0 ana s

descriB6d ahdRedreRRAINE idehhFiSatRInedl Stadsdsdt 4 Qﬂgl@ AMPAntia &dHOframe,
track, identify and/or distinguish an ainpoint, as

embodmmts dfdbie mvpmlmve@pedqntufn PEoqgss and/qgrriragk g@tlur@hty of aimpoints. In

fact, G A Mas e g E e e s i o idsiRbyita hlpippoins

simultinedi@ly. tMeredyxby #aQ bﬁé)taﬁﬂpld iceftAN @tbobisdEs & ttdaf: over fifteen
vari abl e sl ope aperture wi ndow) may be conputed at

aimpqinis {20dyin SOME HSefe weamerdﬁ%womtwnr pgiven uidepyagse The

numbg{/ (gtfagxﬁ;ggﬁgsgth?f%QA g)é ﬁl‘é\%&gﬁé ﬂf’nﬁ%ﬁ 8EW}IQ ﬁroc %flr%power of the
systerh had/or wm dblity os reélse distreteempoipits amthe viveorimbgods 400
and 500 descri bed above refer to the identification
[00691‘ndA i0GeIs! %o‘i’lfs bR (ﬁ"tl‘[@ﬂ'\/éﬁtldnrbrgﬁegs stiEincluding
nment§ of the i1 nvention can 1dentify, process
w1thoanhimuat1¢rr thelsysterps desatibadyabol e)adndpomputer pragriragthat wag be

advant.a of cert nmhodi nent.s | t he .ab
confiTEn{A FPRarbert Py e O HELoG: ek aRaB Uy e pypthods
descritRy with reREPb FigLLidds N enbodi ments can track over

fifteen a| Npoi n%s (and, in sonme cases, well over fifty

[00703: Ir:%sblll% g 21lfch Ver Calnvyge olrdgrgg tg 'L%%S roiEL? élg %{ggnﬁ%;/intgxi)}ax ?Fe identified.

Fig. (0I0SE8s dﬂ@xﬁ@l\pﬁi&y @i&nﬁohﬁ réﬂ’@tleﬁmaﬂn adshoilchombthk bél)tl‘dl@ may be
resol ve discret ggm nts on the video |nage.

9
identifigdy (% GHENT BY RG0S B0t FelRedsmeravdin MAGHeiIF R cnergy)
may ﬂ%ﬁﬂ&gg@dé@g r%'ggtrgdl ﬂ%gAtt;ﬂ ! ?,g tlxég %gﬁ%ﬁ% érl}e'%}? gég 9 fnlglgﬁ while the

reﬂectﬁalyenbgquagas rveith dllstanqqﬁr(ﬂnﬂmt cergtah pamt.oTo finé the centr01d of the
almpclagt;/ trlsgigh ﬁil;?%lllrﬁgllgg gyn%pg)?l%ltcgg lbmbgﬁﬁln gr?to Er%]ﬁ%q%]e (tagﬁl%gtrated by

the exXegip?dly 20R¢Gon 600)TRYthe PRLIARALS Y 2 cHEH dQbshiRdd B each region
alnpoint may be Tdentified. Fig. 6 illustrates an

on bogxtmN-axiy and thpoY Jaxisr @plfmdithoeenGod] efittie simpointipmwacthrespective
. @]%B,tﬁoi.d ma¥t e identified. As shown by the plots 605,
axis, HE4OlqWine eAYaUons BRYLSEPYy (in this exanple IR energy)
may be neasured. At a central point (X, Yi) the
reflected energy (E) is_highextE while the reflected
energy decreases with di’(st%rnggﬁomthat central (Eq.2)
point. To find the centroid t he

= 2YE, (Eq. 3)

c ZE,
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ai npoi nt, the region surrounding the ainpoint can be
broken into regions (as illustrated by the exenplary

wo edosec7on 600), and the refl ected energy E1CROI/DE2005/025089
determined for each region on both the X-axis and the
Y-axis. To find the centroid of the ainpoint on each

[0071} e Siheose skidechinithe art Weall pppredialienkpsedomtheshsclomye hnseinsthat in some
embocilénpernteSCthgt(\Jé:Tgeozc)aé&Q 7&Jv1%ﬁ:\9§l§prgtlﬁ+ olsaggrétle eééreg%ﬁ@é’o shr)éﬂfnlnl IgOther

embo8iaitatsChibOE efBSItIS as those i vldeh ﬂﬁpzﬁdﬂo&:aﬂﬁve d@nw ik la progressive-scan
produce an .interl aced, video stream

camera b 3 dixgd digital weagingdevice, wH! pat predse an ﬂfltm@ﬂ vidse strpyag Those
skllle(‘fd Iﬁlglirhtg 51‘% vﬂﬁ\ﬁlﬁﬁer g cﬁfeotﬁﬁteaﬁsdn\é&'réc‘f&ﬂ tAEL AVviBto Qrﬁf acegl

I magl ng VI ce not uce an I nter
produve wleamzﬂmgeadno) fra]’h@sa vdh¢H the dlmpomthe slaghtlywiekticatly Klisbbuced due to

. preci gte that an ungorrec nterl aced video stre
the infeRTInG BRI PPN oy v VHED SR TR YR TE DN of the
almpcﬁﬁtrfeﬂédﬁbn 1780 aha 86% lond i w&lqideg o@“vﬁ@b ?&@H‘p seﬂéiﬁtetﬂérﬁd?ﬁ of the
interlacing effect, as shown by Fig. 7, which shows

reflechion andsmpice digplaegst eentrnidat EmbOdfrnQrttreoahﬁpmenmom ¢icrefors, takre this
dlsplagng% élﬂg ag(\évorut%g\gﬁgn bc#en?ﬁléngrpeqsinéket a}ngﬁmgﬁsoanﬁlgﬁcaémg centroids of the

aimpdits PoR&RehpIE€ thr 6 QihttrreEHRROfL ¥ tHaB are fapp ke toNEMidE® nage.
therefore, take this displacenment into account when

d
[00721) : ‘i{%%brﬁé{ﬁ?& B%%%hﬂ#e%}@%ﬂﬁ@lq@gﬁ%cﬁr&o%gg ?ﬂr%ggc?ﬁ%&& H/or
identificdtioaros atrh[ailntaltl&oagpihle @de bf) iftérealiaj glﬁﬁrdtétﬁ@ﬁnu[a@ﬁ?ﬁbreﬂm the

cong¢l usi on, enbodi nents of the inv {lon provi de
positioThef \APPI E NS AR Ih&éerlgqnﬁraéeﬁ oFRul3F igproy flisragcuracy of
the alﬁqgf)iﬂ\%‘@aeﬂlhﬁaﬁb% omﬁlﬁ‘ﬁl Eheq]ebtﬁts o %ﬂﬁﬁ? @nfeQ ity aBSirate

at predict th p03|t| an ai npo In a future

formuﬂasaufmargéﬁhe@mng émpbatgeﬂieiecﬁorrmhlas almpoiotsendyhte awcunatehycidentified

|nt determ nat i nblnln the result
at anyfney e pRUTEE R B SAT HOGt Sreal FORIMER® 61 gy G Ereatly
enhanB®f 4RBracHBPENITM sidigag fornul as, ai npoi n_ts nmaybe
apcurate y identitied at anytine, including during
[00738'r ?gl er th%?gtalngrélt otgo% fn rmﬁ'l?té) a{nn&)%&)fénga e {ogr oy l‘l:j%:odfgiys inherent

Feaceitacy over

in the Ebl}ﬁthfbﬁind cohpugtionilah &t 18 1nce thef iBﬁﬂtﬂlb@pro@ﬁﬁ aﬁ%@lﬁﬁfeaﬁ(ﬁiel ofa
|pe line del ays inherent in the capture and

hnearébsﬁfm ‘é’f“it‘éeﬁ’ﬁ mﬁ’ﬂﬂ’é pEthedopian sppbibes mwmsexgmlats@ (%), in some
embo%’i?‘i%tﬂk Z&ﬁ l}rm ) 2 Qr;fr @h@;%ﬁ(gr% %aééﬁrﬁ@ § i gys%[’veraohh@iﬁonally the

extra ate
equatisosmmag bvb caliedeo tinctianal frame lpp51t10ns'2®hére amsshotls efev¢ fired providing
I naccuracy of track is observed. Additionally the
and exaetAMPOHY may be rolled to fractional frame positions
where user shots were fired providing and exact
[0074hi dpwicetvaripgoambodiante of therinens or phyoddenbmensi ve imethaals, systems,
e _inventiv t.hods

and sofp Vate })%o Ue® Y aﬂow O etanced trac ing and/org dlC{Tgl’l of weapon
aimpoints in simulation environments. Other embodiments, however can implement similar
methods, procedures and/or systems of the invention for tracking any appropriate type of
target, indicator, etc.. Merely by way of example, embodiments of the invention could be

used for gaming systems and the like. Hence, while the description above identifies certain

exemplary embodiments for implementing the invention, those skilled in the art will
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and software products that allow for enhanced tracking
and/ or prediction of weapon ainpoints in sinulation
weposoornent s. O her enbodi ments, however can POPUSIBFH025089
simlar nethods, procedures and/or systens of the
i nvention for tracklng any appropriate type of tar et
recognizgithah mapy madificatippy #1d,vasaatiopsare possibk myutgm tBerBese
the invention could be used for gam ng systens and
i ke. Hence, while the description above

(0074 ﬂ;r?”é&éﬁ%@fécﬁa'eﬁq%ﬁw“%ﬁqdﬁgigwé &8 nthndesido e pnly
exemg\falé)l mSRARR ésnstea@énﬂryg%dae@fnfbb&l en%r}ﬁl }a&qltvmt%t add

possi bl e w t'h he scope o nvention
variols pre¢miuted apd/onotreportents ad @epprophate. Smtlladdsmahdfcsglgmmdcscription,

are inte d to be only exe in.nature. .
for 8RR T o B D e LRl i  Beriguat P o
shoul@dBe apprecih@d Viadt irDalerRdtRE REHBOE I A MR mEASRAASNDS p@Formed in an
OKmPﬁﬁgroprlate Simlarly, in the foregO|ng descri ption,

erettidhan thpigleseribstl. il sheskdraém bﬂﬁppWWWbaﬁfb@ msthodadessribed
d t h
abovearglg é«.!(:: Pgr? e%‘ﬂ;fi%g%%ﬁ\{/a? r or enfs ang.) i bo%{eﬁl dn sequences of

1nvenﬁ 1.

I'n a it ve
machifetdreclgabreinstectipek f Whide GhaJyfbeaﬁedeodﬁﬁsdjd ﬁmﬁél’ﬁﬁél tsuéth@a general-
that described. It shoul d al so be appreC|ated t hat t%
Purpose PhHYSIaHBERPFRACBRIAE logly chheits romsmagd yith ke ingpetions, to
prt TR, AP BB SF U SOER g o
machinausalablemaatia, sech sUCH-RMa ogether tipp of ppxml disks, floppy diskettes,

ROMG VB EPRRRES BEPRERES Setonilis eiiketior hoiuberdhogtotier

types BRENRLRiGe S6RAGHIE Hda élf‘t%Bfel{Elt JtOSs STBMr R i%Et‘Pﬁc@i@nQ nMEfE@y by way
or nore nachi ne readabl e nedi a, such as

of exaynplersomeranboiinogitts ehihe dhvekton pﬂoap\g;sOﬂwaﬂchmmmsR@Ash may be
tical ds,
exceu{d i orRRgN g B POEe o Py Hoe BE R AT oSl o e

partlcﬁlalr tmbb@infeats, fr ekamifleSthetm8Mea plasdlity 6t so¥iware MhSdnénts

way of exanple some enbodi ments of the invention
conﬁw@@r%egm puRBoushegdvaare devipese Al tematinely cthe metheds orey be

m ng the nethods
perfo escri %&'Béﬁ %\?Jelp&th%hﬁvar% hd Og{“];ag%rbodl ments, for
there nay. plurallty of _soft vare

(0076, ?J:ng&n‘véﬂec@ﬁfipw&;an Ve deniiied pertaym Py BT mindiraents for
1mp1eij&‘ﬂhﬁ§ ﬁle ifNnGhA Eﬂlbééeshd‘llegtnti‘ fhe Rt \pﬁ’fjr% tﬁ‘atﬁ%%%ﬁcatlons

a conbi nation of war e and sof
and v&mmms anginossbletvatiie derscopd erthabantmrd e’Fite| ihvasiongcthtmiore, is

exe ar nbod or inplenmenting the invention,

deﬁn?ﬁ%ﬂgk¥ﬂ*V1@stﬂmgﬁbiﬁ “wi | | recogni ze that many
nodi fi cations and variations are possible within the
scope of the invention. The invention, therefore, is
defined only by the clains set forth bel ow WHAT IS
CLAIMED I'S: L A systemfor providing enhanced tracking
of targeting ainpoints in a
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simul ati on environnment, the system conprising: a video
di spl ay system configured to display an i mage of a
wo ar0ge1997at | east one sinul ated weapon conf i guPEUBI®05/025089

project an ainpoint on the displayed i mage; a video

capture systemconfigured to capture a plurality of
EﬂiﬁﬁjééﬂﬁﬁﬂééﬁéﬁLeach of the plurality of video frames

conprising the at Ieast one ai npoi nt; and a conputer

systemyin c 08e, - -

t he conputer sten1 gﬂ%&%gnggga%?ocegéﬂﬂﬁg%gn%Xﬁ&%ﬂhsHla

simulamxnpmva‘onmemdﬁielsgstem@bﬂmsmgdi umw th instructions
or to: .anal yze each of the

é{ | e b t he pro es _
A AFOATITISY SFteD] cRaSETed i Ssplay da AR SEr Wrbei i on of
a¥ f@:ﬁst@ng'@i%ﬂited We@;ﬁﬁﬂ:o‘ﬁﬁgﬁﬂ%@ tPpr Rk b Xlnﬂfou’(t'OQQHe Iiirs?i@ecd image;

determine a fornmula for the notion of the al npoi n
awwtheqapturm@sfem eanfiguied tg @mtml d plussdityi effviided fbgmcsh each of the
pos n 0ol nt. St one o
DO BRD o2 kided FrgBle BBl 1l S8R One FREp S 6 o1t o,
aRbePuet systde & édlﬂﬁu@ﬁ:aﬁdiﬁvﬁh fARQlido daptude SYRHEARESSmputer
video frame. 2. The systemrecited in claiml, wherein
t h&Y§ter8 CPRPIFIBG 8 PEYCEsTo pthe poraReeIcadAbde Horagh aedium with

gx?s‘?:%?t‘?&ns e dth‘?@Hr Hé ch%g%) oint in the subsequent

rarme, Pased ‘ed position of the
al npo IaﬂilyzeSeacﬂ'bétlﬁ){ﬁﬁremyl’cﬁ‘ wideadrantesad détBinline whpdsi€ibf of the
the instructi.ons a er execut ahl e by the
processoﬁuﬂﬁnmdp§?¢ﬁﬁﬂﬁ urlity af viget Hemes:om anong a

pl ur aljbfedmBt aFbHRAL Arhé Motibs oﬁffm'e%ﬁﬂ]stgm v&ﬁbféﬁpth%ff&ﬁuéa is

based on a predicted position o | Apoi nt
syst em r gendraty satisi¢dbhynthe positien ef thetairepdiot imalt &eastsona of the

second- or r accounting for the position of
t he aianP ?“yPﬁg%G RSy of the ainpoint, and the

accel ggiabiapRagfthd ﬂ%@mﬁlan@@ﬂi@i a p@strh@f tﬁé’ SinSIBintaR 'atsﬁgsehﬁ‘ent
claim1, wherein the subsequent vid frame I1s a first

subsequenidepifeters. f r ane, and mhereln predlctlng t he
position of the ainpoint in the first subsequent video

frame gonpr I | cting.
poat t1 2 of TRy ARh AR L BTY, SR EhlBdich greugher
execufabdatey the processor to:

identify the aimpoint in the subsequent video frame, based on a predicted

position of the aimpoint.

3. The system recited in claim 1, wherein the instructions are further
executable by the processor to:
distinguish the aimpoint from among a plurality of aimpoints in the subsequent video

frame, based on a predicted position of the aimpoint.

4, The system recited in claim 1, wherein the formula is a second-order
formula accounting for the position of the aimpoint, the velocity of the aimpoint, and the

acceleration of the aimpoint.

5. The system recited in claim 1, wherein the subsequent video frame is a
first subsequent video frame, and wherein predicting the position of the aimpoint in the first

subsequent video frame comprises:
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averaging a predicted position of the ainpoint in the
second subsequent video frame with at | east one known
w@omeiem of the ainpoint in at |east a currenPCTUSEO5/025089
frame; and based on an average of a predicted position
of the ainpoint in the second subsequent video frane .
uging therfermulal pradicting 2 pRstdAthoiybe pimpaintdn atspeongdispbrsanent video
pr@%h%ting a position of the ainpoint in the first
subsequent video frane. 6. The systemrecited in claim
aberagifg hgredidtb®pesitich @ftthe eiasgdoim ifi ihesecindtsabsegnentyiddodenme with
frame between the,curreﬂt video franme and the_fir%}ég
suBblsati O kpowr Bositighee the Aimpoiaiie ahleayt @ current video fgagag; and

i -
ettt s LG R it
f r andeo frameTdnd thy attleast omckitomdh pasitoinaifithegimphat giredicting a
averagin predi.ct.e sjtion of the ai npoint

corps Haadr B Bt R iRt Pen Ut BFBr ¢ he

ai npoint in the second subsequent video frane with a

pl uraliety OfThkResein QSted i08iIn®F, Wh&cidl tAEeiid it leadh £ Figst N
the plurality of known positions conprises a known

intervpigp vidsa fepme beswegnrihe pyrrent widep dramerandribe {jrstsubsequgnvideo
a I ' i I Lo
frameZ il SherbiARbre R 1P SRSl GG BRED BB hhwdhne i
subse§ysit eided aideaniditie taidBubsequbmrdddo friire.at | east one
hi stori cal known position of the ainpoint conprises a
plurality of_ historical known posjtions of.the . i
ai npoi ft, afdeRFREFBIEted {1 ¢l 5 WP FReifg,A higdigied gosition
of thela8thAbihY &nfprived Qvéf@éi@%h bredici@Bpdattin@fithey/ aitipolHt i kisé@ind
known positions of the ainpoint conprises a relatively
subseguesavisieo fanmsevittod phiraity of kwikpesitrons of thei aompoiof, whseein the
[ int: and if the ainpoint is.novi at a. . .
pluralptgSEkneiin poyHigns reipEinesA Kiane Raioh qLbE Hmping iythe cyprent video
framelen@Wh 1A onk ihessricAf kidveh FdsiRAI dTithE Sifipoirt &5 atdedse bd %éée{/ﬁdeo
smal | er nunber of historical known positions of the

~framegj npoint. 9. The systemrecited in claimb5, wherein

the average of the predicted position of the ainmpoint

in the 8?6‘30“1%%#)«}?&89#&%{% iy b9 7f\kﬁ¥é¥ﬁinacﬂé’a€19§‘sﬁ Bhe hiS@ital

one known position of the ainpoint I's a wel ghted
knownapesiage of the ainirentsypsaipeises plutaddy ofhistosicahkdpwwipesi@bmns of the
. the i ght ed average depends on an accel eration of the
aimpogit Wg?rf‘ilf The systemrecited in claim9, wherein

iiz1 tiﬂ%igfi%nctﬂxﬂti? FhoRHfy 2 PeIHPREPAEh QRIRItY &hOplut it P bf fil®rical known
positions of the aimpoint comprises a relatively greater number of historical known
positions of the aimpoint; and

if the aimpoint is moving at a relatively low velocity, the plurality of historical known
positions of the aimpoint comprises a relatively smaller number of historical known

positions of the aimpoint.

9. The system recited in claim 5, wherein the average of the predicted
position of the aimpoint in the second subsequent video frame and the at least one known

position of the aimpoint is a weighted average.

10.  The system recited in claim 9, wherein the weighted average depends

on an acceleration of the aimpoint.
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12. The systemrecited in claim11l, wherein if the

velocity of the ainpoint is relatively |ower, the
wowriglol®ads aver age accords the at | east one knomiT/US2005/025089

position of the ainpoint relatively greater weight.

13. The systemrecited in claim1, wherein the display

system conprises: a projection screen; and _a projector

confi glded tlhepsydpmaeciicddn elapm 8y whergtnethe wetghtqdeaverage depends

| cl: . .14, The systemrecited in claim1,

°”a‘%)1°§?‘2?’¥“?“}$[éﬁgpﬁ?a| ity of video franmes conprises a

plurality of still images. 15. The systemrecited in

cl ai m 12. whdheispstetheeated lie alatm @ hewbérainl iithe v eloegp ofithesiimpoint
) a. rality of. sinulated weapons, wherein the at. | east
s el Byt i VrisRled B e 1ot B CH B! Peroaipoaionat e
aimpcﬁﬁ@ﬂéla@iﬁrelzfg@ed@érlwa wtty of sinmulated weapons projects

one of the simulated ai npoints on the projected inage.

16. The systemrecited in claim15, wherein the _
pl ural ilBy ofThsishtiemreitedernplens 1cwhereinstibe digplay sssiem comprises:

ayrfgite%%’%}%l ated weapons. 17. The systemrecited in

erein the plurality of sinulated weapons
agRofettos ésnfRlurddaa projédt filie/tatdenlthfdeathtovha edoptay stfzenThe
systemrecited in claim1, wherein the predicted

positiqn of the ai npoi.nt .conpensates. for el ay .

Pnher et to ﬁ}ﬁéyge@trs%edi@sz% ﬂyi)grﬁaﬁg? eﬁwﬁgﬁ of fideo frames
compﬁk@iﬂlﬁéiitmiﬁii&a%&‘? del ay conprises a transnission

delay. 20.” The systemrecited in claim18, wherein the

del ay conprises a conputational delay. 21. The system

recit edSi n dihgiskstam regigdén plaid, wheretn thept lgass ong simariated

conpri.ses. a vide anera. 22, The.s emrecited i.n .
wean(iy [ g iR G st S b U R T AP iR plpratity of
aimpdihBUARISShét€inSaeloMhe pRurIAFBT sinfulkaéd KEAPBnD ptecty 6iid d R
. displacenent errors In a relative position of the
simulgiedganprints engheprojested Mgt nat i ng vi deo franes. 23. The

systemrecited in claim1, wherein the video capture

syst em gonprq fi A LAi ' | '

The. oyatom raseyadmrbdl i bl 35, A RBGRH OEMIE of Gehujated
weapais dolngriskaatdédst fiftedn simdltedfweaapess. conpri ses:

17. The system recited in claim 15, wherein the plurality of simulated

weapons comprises at least fifty simulated weapons.

18.  The system recited in claim 1, wherein the predicted position of the

aimpoint compensates for a delay inherent to the system.

19.  The system recited in claim 18, wherein the delay comprises a

transmission delay.

20. The system recited in claim 18, wherein the delay comprises a

computational delay.

21.  The system recited in claim 1, wherein the video capture system

comprises a video camera.
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identifying in each of the plurality of video franes a
set of inmage levels correlating to the reflection of

w0 b@caiaypoi nt; for each of the plurality of viPBeDUS2005/025089
franes, performing a centroid cal culation on the set
of image levels correlating to the reflection of the

ainpoint to |ocate a centroid of the | aser reflection;
and as2Pgni Age sydem secated shelgim { nuhergintheyideq santyre system

It ' Hdab QiRlra 18R elithitat £plab&fert Brrors i
comp g Jire Ry Pn Gyl (5 ol RUSHEHE fiffap ik Bpors n 2
relatiwel e diohrodithesaifpoinh er a o wpaliesesingpaddoutames. a spati al
translation to correct for a deficiency in the video

capture,system 26. The.systemrecited in claim1,

whor o1 A3anal 98 PO ATHEO T SAGH bt Wherpidye Gisq Py system
comp#i§d e cd g fal §R8Ssing Adve&, at i ng two al ternating video

frames to conpensate for vertical displacenment errors

in arelative position of the ainﬁoi,nt in the two )

al t er ndti ng ThE qesdern regied in dlzim Thwhergigranplypimgicpehyof the plurality

- ' in the at | east one sinmulated weapon is
Ofwdg!c))%]?f%%?%‘ﬁﬁ?{)egmdul ate the projection of the ainpoint

identifyang in daah ef theg@lurditytof videatfragies @fset dfdmapere@eBicorrditing to the

The system.recited in claim27, wherein the at |east
onéefificﬂﬂ‘llg}%‘aa%%f%% is configured to nodul ate the

B QER sfihggh%nt%@ vRIHRAMRE, R fofm{HeSONRREM &%izagi%h %ﬁtthe set of

to a fra rateé of the video capture system

metithage level$ oorrglatmg tditiggrefntteomad dhe aispkint ¢o icate arcgetrdid @f the
ai npoi nhs in a sinulation environnment, the nethod
coﬂ%ﬁ:rf' Ao 8hput er receiving froma video capture

aSYEHRNR 1dabAbE the cehtroill e thelposit®a of Meti®psingach of
the plurality of video franes conprises at |east one

ai npoint, the at |east one ai rrgoi nt being projected b

. Ofr ) y .
at | eadf. ondhgsyi¢raredtedangaim 24.Hehasemsnelyzing gaghyofithgplurality
of vide8 %A ﬂrﬁﬁr%ﬂﬁfﬂeis:ty of video franes to determne a
p 0]

osition e alnpoint in each of the plurality of
peifalamgfa spatsl; tranklaticotyuotect deh deficiondydn shd videitaptirosystem.
the notion of the ainpoint, wherein the fornula is

general ly satisfied b he position of the ainpoi [ ,
at | eagh’ ong.LSFys(tﬁ’é riﬂxﬁﬁiséﬂ ¢layn 6fwk}‘?r8‘é‘&nﬁlryé%§?8h%ﬁh§Pﬂlrallty
of vidab ffafRS tothPssekor mul a, predicting a position of the

~ainpoint in a subsequent video frane.
integrating two alternating video frames to compensate for vertical displacement errors

in a relative position of the aimpoint in the two alternating video frames.

27. The system recited in claim 1, wherein the at least one simulated
weapon is configured to modulate the projection of the aimpoint to facilitate the identification

of the aimpoint.

28. The system recited in claim 27, wherein the at least one simulated
weapon is configured to modulate the projection of the aimpoint at a frequency equivalent to

a frame rate of the video capture system.

29. A method of for providing enhanced tracking of targeting aimpoints in

- a simulation environment, the method comprising:
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30. A conputer program enbodi ed on a conputer-readabl e

medi um the conputer program conprising instructions
wez@sed e by a conputer to: receive froma vPCPUS2005/025089

capture systema plurality of video frames, wherein

each of the plurality of video franes conprises at
alcemputepreseiningodmia, viddoecapture system o phiralitypdiideo fremgg wherein

proj ect | past @ne sinmul at ed weapon;. Y,
b bt o2ty it BRRe LN PRSP 8REaipBRHEE 4t teastone
POginkpadt Keing }16jedicdBYianleastione siulakd theapd;ur al i ty of
video franes; determne a fornula for the notion of
therrompuigs analyzingsacherfithe pluralisy afiyideq Gagentordgterjine a position of
saty sf.ied: 5 on. of imoi nt in at | east
ongﬁeo%“ln? ﬁlélPé %a?glo?%% pgl;rgr\“gtlygggi%‘gggengg, using at | east
tid@nipmtendegerminiggla &irmalapfos tHeinosticaf ofttheaigipojm) whertin the formula
subsequent vi.deq frane. K 31. met hod for providi :
en E%gﬁgg@llyrsgp:%eﬁé)yéﬁe P%ﬁltbc@tq i %}p}pﬁa}tm at lrp)ql?,t gne op t%e plurality of
Si MYeBleaRseNVi ronment, the nmethod conprising: a
computer receiving froma video capture system a
uping rAleast yhoformiepreficciing s posihen ef the @aupointf intarsgbsequent video
plurality of video frames conprises at | east one
ai Exﬁﬂ]ent projected by a at |east one sinmulated weapon;
t he conputer analyzing each of the plurality of video
frames3po det esmipuier prograsi dnhtsudiddl orf i€orpuiBOiendabldmedia, the
of the plurality of video franes; the conputer
cOmpHISE RIOSTM AYMBNiFIHE MSIractions exgratailn hohc@PUteEoai npoi nt ,
. ho. f . L e _
B8t b b Aty EnE PRk ty e B8L Fabel rdifBuch of the
pl phahlityyf ofdevifiteres tomprsss aaledsttdne atmpying dre dt taastkdneGimpoint
thg ai npai nt _across the pl Tr a4 [ tg/ of video franes. 32.
A bemgpryected By atleas pngsiawiaed WEARMe position of an
aRAIYROLARN of thedhifrha T AWVIRS BRYds:O R Ahine b8 siEi8ABRR aimpoint in
syStem conprising a processor and a conputer readable
medacnofaberphiraitngf videe framts;ons execut abl e by the

ocessor taq. .receive fr a.video captupe stem a
defeliping lgrrala g moPigm oL the Qi v [ fPHa:Ia S generally
Pl Wafiel by Phe Vst IMtBRMpeMTR iS85t She bAAS pluPAIRY of video

ai npoi nt projected by a sinmulated weapon; anal yze each

of f{ah}@spl urality of video franes to determne a
uvli(r)lgléléielgsﬂ 6tllcl) { gofrrrr]lgl ah iRt gtpgsl,l lo 8f t?g%imoéoqrt?%glla%%?%elgtﬂgnot%deo frame.

etermn ormu
t he ai npoint, wherein the fornula is generally
31. A method for providing enhanced tracking of targeting aimpoints in a

simulation environment, the method comprising:

a computer receiving from a video capture system a plurality of video frames, wherein
each of the plurality of video frames comprises at least one aimpoint projected by a
at least one simulated weapon;

the computer analyzing each of the plurality of video frames to determine a position of
the aimpoint in each of the plurality of video frames;

the computer determining a formula for the motion of the aimpoint, wherein the formula
is generally satisfied by the position of the aimpoint in at least one of the plurality of
video frames; and

the computer tracking the aimpoint across the plurality of video frames.
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satisfied by the position of the ainpoint in at |east
one of the plurality of video franmes; and track the
W@R0opo19974 across the plurality of video framesPCBBS2005/025089

nmet hod of predicting the position of an ainpoint in a

simul ati on environnment, the nmethod conprising: a

conputer receiving froma_ video capture systema

pl ural B2y of oraRBer sysgsior predicting thearasition of jga aimpoint in a
simulBieH Bl Kol (o TRt SR8 Bhoce BT P B Fomputer
readableengaium abmpyisia instrdetiors reaemsabdobpthepesceasot tv:r ent

vi deo. franme, and at | east one pasi video frane; .the

reSSHISUTUR 2 AHIOFEPIEF DAt %Pﬂfaﬁ@y Bf vifeg ﬁve%quf%rfa% gach of the

F IRty O IRIBHENTES cBmBlittist Ichit oA alsWIR HORLAN Y sPhulated

the ainpoint, the plurality of known positions of the

ai mEeport; conprising a current known position of the

SRATREERh o DA B 72 SRR PR BF e Fhfoin i
| eagadh GMBe ?mﬁlitybgﬁqeé fames; the conputer predicting a
position of the ainpoint in a first subsequent video

detegrrneigyfonydp defi the metipn efithetagpgiat whiersin e fomeula is generally

e R B Ry b BT 0 BRORHE S st Soc R Rty B yideo

ai fpaiesiand34. The nethod recited in claim 33, wherein
the at | east one historjcal known position of the
tackpwismpashisressdae pluplity of Yidso Games.-st ori cal known
positions of the ainpoint, and wherein: if the

ai mpoi By i S ARG o gﬁaiﬁlg@ﬁé Yéltbntrah aﬁﬁwﬁi e sithiBtion

plurality of histori wn positions of the

envirginngnbi the methodrcospsisiagr el ati vel y greater nunber of

hi storical. kno positions of the ainpaint;.andif the .
SO BOIoh (oL SR AReoCP RIS PYARh § PIBRY BF SidEP frameh hercin
Pl @heH dftthe Phurdlits bOVidea frathBOYsPARE bi 1RAF 0RE afk}dint fproj ected by a
ai npoi nt conprises a relatively smaller nunber o

hi stelpted werpriwang vdereinoths pbiralityiof xidep diantes c@®prifse current

e gﬁ:a e agn% t!lJAstCA Ip%t?if’%deo\/\ftr]e?rrrlgl nt he average of the
predicted position of ‘the ainpolft in the second

tis gt halyziag@aft e phialithef dlded Gasies @ dtdhaida plurality of
position of the ainpoint is a weighted average. 36. . ]
Thé&npan Revtiprsfitbeaimpoit ahpphsality REkegwn posationsiofheeimpoint

av %51?1955@? RLRHEn IR0 ®R p%gﬁigh oF fHe a%p&tlt fnr{ﬁe @ﬁr%? ivﬂiteo frame and
at least one historical known position of the aimpoint in the at least one past video
frame; _
the computer predicting a position of the aimpoint in a first subsequent video frame by
averaging a predicted position of the aimpoint in a second subsequent video frame

with at least one of the plurality of known positions of the aimpoint;

34. The method recited in claim 33, wherein the at least one historical
known position of the aimpoint comprises a plurality of historical known positions of the
aimpoint, and wherein:

if the aimpoint is moving at a relatively high velocity, the plurality of historical known
positions of the aimpoint comprises a relatively greater number of historical known

positions of the aimpoint; and
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37. The nethod recited in claim 35, wherein the
wei ght ed average depends on a velocity of the
w@reopoi19r4 38. The nethod recited in clai m 37, PeUTER0F1025089
if the velocity of the ainpoint is relatively |ower,
the wei ghted average accords the at | east one known
iPths iatmpmntd$ ntovingzt apcatively divaveloety thpdatabity afdiigiptical known

vePBEHoY Gt Haahsrmrosc PLFRf e Glfher ophorcal nown

seppRtosdbrREbidpointi deo frame is relatively closer in
time to the first subsequent video franme, and wherein

if the velocity of the ainpoint is relatively hifgher, i
the seddnd disgesibrdecisdiaslaimaide whereipthgpygrags of the predicted

..fur r-in.-ti: i . [ f
pos i L ST AR SRR G
position BPtheimpoint ve veighped everaket ermi ning a forrmula for the
notion of the ainpoint, wherein the formula is

general ly satisfied by the posijion of the ai int in

at | easf on fmettﬁ%d ’ﬁ%’lﬁ?‘g‘tﬂlcﬁ)";}mo‘g \‘?ﬁ%ﬁ@& %m@;ﬁv&rage depends
on anWetigatifiEof (AE Athbintt he conputer determ ning the

predi cted position of the ainpoint in the second

subsequent video frame, ) _ _
37. The method recited in claim 35, wherein the weighted average depends

on a velocity of the aimpoint.

38.  The method recited in claim 37, wherein if the velocity of the aimpoint
is relatively lower, the weighted average accords the at least one known position of the

aimpoint relatively greater weight.

39.  The method recited in claim 37, wherein if the velocity of the aimpoint
is relatively lower, the second subsequent video frame is relatively closer in time to the first
subsequent video frame, and wherein if the velocity of the aimpoint is relatively higher, the
second subsequent video frame is relatively further in time from the first subsequent video

frame.

40.  The method recited in claim 33, further comprising:
the computer determining a formula for the motion of the aimpoint, wherein the formula
is generally satisfied by the position of the aimpoint in at least one of the plurality of
video frames; and
using the formula, the computer determining the predicted position of the aimpoint in the

second subsequent video frame.
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