WO 2006/ 019974 PCT/ US2005/ 025089 ENHANCEMENT OF Al VPO NT | N SI MULATED
TRAI NI NG SYSTEMS CROSS- REFERENCE TO RELATED APPLI CATI ONS [0001] This
application clains priority fromco-pending U S. Provisional Patent
Application No. 60/521,877 filed July 15, 2004 by Page and entitled

"Ai npoi nt BEAZMEARERt by Means of Extrapol ated MovenentPCTHReN/02598her eby
i ncorporated by reference, as if set forth in full in this docunent, for
all purposes. FIELD OF THE | NVENTI ON [0002] This invention relates to a
target tracking system and nore Earti cularly, to an__inprovenent of target

tracki ng system for trackENHANCEMENBQEAIMPOINTLa vi deo canera- based

weapon ai npoi nt tracki | ON [ 0003] As

simul ated training becm&ﬁﬁfﬁﬁggﬁm,&Mnt effort has gone
into creating and inproving sinulated training systems. In particular, to
provi de effective co@%@ss'f{%gﬁﬁiEN&EBO&Eé’ﬁTﬂﬁ Rgp AEHON t ar get tracking,

because Wopfut TIE &HIR RidnRIARE pHB%lﬂdﬁgco-ﬁéﬁ@ing\(ﬁlS.‘ﬁo@ifsioﬁ?y?aternﬁi ning is

di m ni shed, since the trainee cannot ascertain accurately whether various

t echni quesppicationdo.i68E2d:\8¢d fitddrfuly| 150204 byPage andyasitied Tiimypodnd Finbanckhmenthave
been used_t I OV tar cking. . Mar b f _exanple,..sone

oyet e e/ elsRY ES FaeBl ol GRGE, Pl HsEeny Rbmot e B N8 fhar 4L
systens, foeth in figltiattiedocuardt, fdralllpurposssnce and/ or chromance of a vi deo inaged
to determne where in a video inage a target appears. Such systens may
calculate a centroid for thepimgpf}ﬁmly@m by reference to a region
defi ned by mat ching chromance and/ or um nance to pattern val ues, which

m ght nat PA03at Tles myesftion rélates ko 4 @regsstrackihgoysten hed moappriiadds]ye topat t er ns.

oo e el S fek B VS b R BB ol B
conpar i sopast®wbdpofl dRspoim Yrackiftg bysgh.t 0 perform tracki ng. [0005] In yet
anot her system a live digitized inage is conpared with a digitized

background i mage. Based O”BR'CK@R&P(ITD%IE’WESINVEEI\J@{?@NV oid for a center of

i
mass of a differenced inmage 1s calculated. Velocity of the differenced
i mage may[0883]c oAp sitnadhtedstrangng behooet eeammont infrortemtcsignifiGinh effors fiat goms ints e
SO%S : ﬁ;l %gﬁﬁlghnvﬁ?rﬁlprg\%%ggn{u‘?gé& t?é‘ini%@ s?sltle%:sef\shsllpe\{r%cul];rr, %nlgargvitdg e e(;[ti(\:/Q ccl)nq ziet‘t I on on

training, a premium is placed on target tracking, because without precise target tracking, the

value of any training is diminished, since the trainee cannot ascertain accurately whether

various techniques provide improved aim.

[0004] In the past, many approaches have been used to provide target tracking. Merely by
way of example, some systems have used video cameras to provide target tracking. Some
such systems, for instance, used the luminance and/or chromance of a video imaged to
determine where in a video image a target appears. Such systems may calculate a centroid
for the image, for instance 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.



1 WD 21)1)61019974 PCT/US211115 /112 5118 9 [0006] Yet another set of
tracking systens utilize digital space correlation to suppress fal se

t arget siwoabe/m|s7appl ied to a point target tracki ng devcras2ismmear ch
field of a tracking systemis divided into a matrix of rows and col ums of
el emental fields of view Each elemental field viewis examned to

det er mi[AB06]f Eettamothet sabxif srackingisysteats tilizk digiablspmat corxelatiaa tgisbppressaplse

conpared to.determne if target sjgnal exist in adjac I ntal fields.
e ekt chapphed o At tredl SRR inetiie. s RRATEM Al PRSI L e
si gnal .syk@RA7 HividedS it hERKII WS Xifd @BmnPofdlSBentHIrRI@ssTRiew Eaepupl ed to
the telévision canera and limts the systemresponse to signals

r epr es ealemaentaldiedd viewds exaieined tp daiermine if enargetrexists indbaifigldand malgkt s. A
digital_pr SSOr. d . Vi . i I

det er mHEPRS e rpER D RS bR oSl BAHT7 ARt BdheRlaP RS MG

obj ect @mdmaejeee\isiginl if istadjaecht nestix FEigEbafcohtains apdigial.i on and t hen updat es
the stored position. The updating function is normalized by the target

i mge dj Si t q SBIR tially
i ndepeﬁggﬁ] o@ t0 E% t%égfﬁ%l tsgﬁﬁgj%’gac\éy%%g gm\gne% cl)e(%)éraggi}s/ezor uﬁnléatmegﬁlﬁ?ﬁpnat es
si gnal dimitdihe kysi¢re respbnsedp siznelstrgireseetatife af the snrgn attedity apgtetr afipassiblebasi s

of signal anpljtude conparisons. Digital logic circuits. distingujsh
bet weorlAi2E BeLsifh ProsFat reshende 4 18 HdRoqueceS: ouiib SIgUF 10 SCTIHIR NS
| ocat i QfiffedeRQORwSithe AXSI S TBeatBAWENRY desfzRhtkd bBjebt Mdiadftedibhidly Stofiat

precision in determning targets, especially in tracking a target of
i nt er essstimatezpfithie pdsitén and thep bpdatesrthe storedmgsitionr Thecupdating fusmtdn issyst ens

have difficult fectivel redi.ctin e ition of target especially
Gar 1 ng ToepalsePbyTht Rk o BreaHOR a8 Rk F&o e HhIRAAE P o000]
Enbodi ressensialdy irddbgendemestithofarget ifigf e ThOvided gockdspr avieelifinates 8ignaigd

met hods for tracking targets in a sinulation environnent. Merely by way of
exanpl evhigh ageffspaesyntayieis dasinatsd dareeten the pasiy efcignal prmplitude ar get

t Ki Ar et W ' |,.at ed
comput ALTRASN IRk ity BRGARNAN® KL 66 Te BRRFRALAIF RRERRT 70,

be usedh¢ basiy efthngiilaf loicatien. posi ti ons of targets based on fornul as derived
fromprior tracking points. Hence, the target's next position may be
predi ctiggag)! N"SEAEHsERT Aowdvef, 981 & prode Beiriticht Sik&ioR R Ak mSAY sed on
pr edi ct[gd AOSISti ons. Tn certain enbodi ?rentls,e Igjguatoi ons %i nc"nggfgrr%géi/\,ithout
| i m t atésperiallyi indtaclongertargefutinterest iaradficdé o bmdltiplalergets uRtitlsansjonverdionble

? gr Io\r/]gdsy];tregls gpeedi%rlcurlr[?/re?fegtli\ge )9 p;eh%gggs theSpuoglf’gio%%lfl%r:ge sr,l,sesge?cyalla}lfl dsu(r)ing%erqg sI ed

of intense motion.

BRIEF SUMMARY OF THE INVENTION
[0009] Embodiments of the invention, therefore, provide improved systems and methods
for tracking targets in a simulation environment. Merely by way of example, an exemplary
embodiment provides a reflected laser target tracking system that tracks a target with a video
camera and associated computational logic. In certain embodiments, a closed loop algorithm
may be used to predict future positions of targets based on formulas derived from prior
tracking points. Hence, the target’s next position may be predicted. In some cases, 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 certain 2 WO 21)1)61019974 PCT/ US211115 /112 5118 9 enbodi nents, these
f or nul as wb2ooamays7be used to conpute predicted positionecirarsdaangess; this
predi ction may, in sonme cases, conpensate for inherent delays in the
processing pipeline. [00101 One set of enbodinents, therefore provides
syst ensenndimends khesg feranudast adso may bensedio aempely pradagtediposttinnsipsterggtsyi deo

di spl ay, S ich m i gured. i i f ar get
andr or " EE o & Rtekast® <ERBEh R i Oren ChARs I ol BB R B Bl o e
an ai npoint on the displayed imge. In sonme enbodi nents, the system further

conpr i S881Q] \Paeset o pmgediments; Riefdysrrgidessystems spntracking tyggisait y of vi deo
franes. f j L s t one
ainpoiﬁ?. ?gsg%fﬁégkg9§§§¥§ﬁihgﬁggB%@%g??§§¥é%ggﬁﬁﬁggwkgégtgﬁkﬁﬁﬁich may be
i n conmmispleydn mmgewif & argéteandiod @adleas pheisiendated erapohhehivhmighebe consdigeredof t en
conprises a processar, an . _conput er readabl e st.orage_ nmediumwth

et r udbporietaRaTan & 5 SRESRY Hutes oF SOTREMOPUSIT RIS
execut %h?pﬁses A0RkbY gsteRGhsteh Cbhﬁgl?‘lﬂ&l Flcgédglhbfe Q{phﬂhlﬂ??f VR0%Sinee. d6hBLAT Ne a

position of the ainpoint in each of t urality of video franes. The

i nst r ucall efithe widgo Frames$ may isempusethatablshss one adepcenti ne a fornmul a for the
notion of the ainpoint; the fornula may be generally satisfied, in sone

cases, [pg11]heSfaskistans flfo éditprvei@inputdr Bysdém ) Whish n¥yedh chbghunRatié@l i ty of
video franmes. I n sone enbodi nents, the fornmula m ght be a second order

f or nul avitiviliecndaoespree Bt flde compulshsYstend aftest carprRrisgs ApErasssor ada vel oci ty

of the g i : at i i i haps usi ng
at | oSt addf shilfe AEARNA 1 oPydiont B BRU e pialdtes T 0200
frame nmytrizeions mdy bé exkcutableparahalyzd each efittedilumbitysof vidwe fedmgsab determine e

identified in subsequent . vi.deo frame, based perhaps on a predicted
posi ti dwswrontq@waﬁlwaexnﬁtn each OBgﬁalura%w%dﬂa?erﬁ@}CSt 1ge HSHHEIHS Matse

di sti nggthaled el AT I BRGNAnOh WiRluld 1r e ROERA S aimjgﬂg;lt:ﬁ} é&nﬂuﬁ@mﬁn‘gﬁés es,

predicting the position of the alinpoint in a subsequent video fra may
conpr i sgenpraiyisatisifind, 1a spmsicasesbyothe phetien oftbe atmpaintan sekeastdns obthequent vi deo

frame agaj n r s wi;.th the for.nul a) and averaging a predi ¢cted position
of 't he BIRRT GRS REes" Th St CobpeBmBn iRyt g meferdiontins: "one
known pRshiila ORhieh nidyeicebui @rithe pbiddn dfARS hinfboir UhE Qélbcf(j{]gﬁt%efafn%’ﬂi‘nt dgased on
an average of a predicted position of the ainpoint in the second

subsequbaecogiagdonfofdmpaimpainthe at | east one known position of the ainpoint,
a position of the ainpoint in the first subsequent video frame may be
pr edi ct[@d12]ThRerhaps using at least the formula, a position of the aimpoint in a subsequent video

frame may be predicted. In particular embodiments, the aimpoint may be identified in a
subsequent video frame, based perhaps on a predicted position of the aimpoint. In other

embodiments, the aimpoint may be distinguishéd from among a plurality of aimpoints.

[0013] In some cases, predicting the position of the aimpoint in a subsequent video frame
may comprise predicting a position of the aimpoint in a second subsequent video frame
(again, perhaps with the formula) and averaging a predicted position of the aimpoint in the
second subsequent video frame with at least one known position of the aimpoint in at least a
current video frame. Based on an average of a predicted position of the aimpoint in the
second subsequent video 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).



subsequent video frames need not be contiguous (i.e., there nmay be one or
nore intervening franes between the current frane, the subsequent frane
and t he swoane/Eamrgsequent frane). 3 WD 21)1) 61019974 PCPLUDRR2MED2508412 5118
9 [0014] Another set of enbodi ments provides nethods, including wthout
limtation nethods for tracking targeting ainpoints. In an exenplary

met hod, [0814Honpuoether sehof erabadiments @p@ﬁ&p@ethqunmaludlwtlmphun@n@yst em a

pl ural i Q i.deq. . Each.of the pluralit f, video franes m ght
Conpr 1 gnitph 8 00k ind AREEDe mFRLifs, 10 Bty i, o oRGet Pt eels
weapon. (pkihapOffEmeniidsh dphirs systdie) LHI0RLIGESf dde frzfss. daeh obthdperaftyusfal ity of
video frames to determne a position of the ainpoint in each of the

pl ur al i ijeqframesyaight oiprdse at feagh aneraimpoisbRIrifeied O a ah deasiprssimplatadght

det er mpg, 3n ! B{éﬂﬁl}@e wdixh&?ts,”iﬂ& bRk 43828 ERRIGPhe ﬂlgfélipf ff’ e iRy e
generally“satistfied by the p05|t|oP1 SF NG Al npoi nt 1 n at’ [ east one of the
pl ur al i tbyde@imiriedgmsitioamt the alinpoinonpeatie of thephirakitdyod vateoftsnes. {n bkt ng t he

ai npoi nt _acf oss he pluralj of videq fr s.. [ 0015 anot her exenpl ary
erboa ROTReTe e cpr PRt TRe b st h iR b Be BFFogA e o
ai Mpoi NformAendPEle R eral1P sstQfRd 8YRRAJIRIN S tl&"é’eﬂﬁ'bbfn?ﬁl & IERMPI &thg ©cel Vi ng

(again, perhaps froma video capture system) a plurality of video franes;
each ofplutabtypdimideol framesf Theicdmputer amghy atmeycouprisr traeking tHesammpoinhacrassnpoi nt

proj ect.ed sikhul at.ed weapon; the plurality of video franes may
conpri stggpgx%lﬁ?(%%e?/%%@ Sframe and at |east one past video frame. The

conputer, in sone enbodi nents, analyzes each of the plurality of video
franes [0pH5]deletnethse exenpplany snbogdimentidwarion ésprovigad fasfpredieting thpapsition The
plurali Lt -ai_NROoJ ] ' [.ent
nown. paeraiaiOe IRIRLLETR soth chiBRaRleRN Mo R Gl bo R BIRE G RHEAE) oy
one hi sieplidps dlonkmoidao pggiteisgstem) a pheality wPoided fiames;eaclabfl ihepdiralyefpast
video frame, In certain_ enbodi nents, the conputer predicts a position of

t he ai rf‘ﬁ@‘?‘hﬁram?ﬁ THaY ¢QIpRIEsey, %‘cﬂi’éﬁ‘ﬂmk’/‘?‘aﬁﬁoﬁmﬁﬁl@}' aes}@!ll,ateﬁweé‘v@@;aﬁieng,

per hap e I gt P&fin I it4 L int in a
second@yggg’qﬁﬁ?g&vﬁgﬁwﬁ ane R/mr?sf ﬁﬁ g@&%gg%eogﬁgieg Q%gaﬁt}%%ﬁ %t{UJ&)éoof known
posi t i dmsnof Thdengutgoinrsome Endoduaerg enalyzasteatieohewplugdlitg df sideo digmes whi ch
m ght depend. on vel oci ity of t.he aifrpoint and/or an accel eration.of the
2 ol rip SEETO TR REAERGP WA PoSoRTRY eimncrity D¢ BFHEY AE KFOHBOTHG at o
rel ati vilie MnPRine it dovhprisé Beulét kabih YoftiombFtheaifFintiA I RRSL Vidgehs of
the ainpoint mght conprises a relatively greater nunber of historical
known %@mmﬂvﬁ@rabﬂeasmeénﬁmahkpowmewm off the aimepoditip therat 1¢ast onepasing at a

;ie lﬁgg: x\{efcllé/o ﬁgﬁ’lve.v nlc%(f\timtnye’mbtor&?m Atéj,rtﬁlé ci:otn¥pu%r pr}écﬁ}:tggip%giltioﬁ %?%’h’% aPrgSci)itﬁ{ l%nas of the
first subsequent video frame, e.g., by averaging, perhaps with weighted average, 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. The average might be a weighted average, which might

depend on a velocity of the aimpoint and/or an acceleration of the aimpoint.

[0016] Merely by way of example, if the aimpoint is moving at a relatively high velocity,
the plurality of historical known positions of the aimpoint might comprises a relatively
greater number of historical known positions of the aimpoint, whereas, if the aimpoint is
moving at a relatively low velocity, the plurality of historical known positions of the aimpoint
might comprise a relatively smaller number of 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).



m ght conprise a relatively smaller nunmber of historical known positions of
the ainpoint. As another exanple, if the velocity of the ainpoint is

rel ati velwol2oesargoshe wei ght ed average accords the at IlPeaaS2@5023089WN
position of the ainpoint relatively greater weight (e.g., vis-a- vis the

pr edi ct ed _gosi tion of the ainpoint is the second subsequent video franme). 4
WO 21) P81 1198y yetrapthgsexample if theyelpeitg obthe[agppaint iagelgiatelylayterethe exanpl e,

if the i th i j i j . t sequent
vi deo. rPGREdsbedibnin o BRORPLAY LIRS LiSEerty LERS et s BERRBR TAB U0
frame, feare,iahd ifhthe velbeicy 6fthehinipvéntds rahaiviety higherethakéooal yulbsegiliar videbe second
subsequent video frane y be relatively further in time fromthe first
subs equUEHEC Y 36 rglatiyply qut.%er. In R HomHae figt spseament ¥idge firmg (be- whenthgt i vel y
hi gher &homi iﬁno&iﬂ@a@k%@el@ﬁﬂ@er95%5@}?%?1?@%5%%&8@?&& SatefendrHeyr € to

calculate a predicted positi whi ch can e r the average).
100181 thx figuredobadiulatera pegictod ipdsitisy,srleots can thed belised for thhauéragé)mi t ati on
systens configured to perform nmethods of the invention. Still other

ebodi G018y PO/ BRbSAMNBPRoviBE HEERE incluih S ithcht inABkiBAyfaRedi ed on one
or nore conputer-readabl e nmedia. Some such prograns nmaybe execut abl e by

conput eronéigered s peréorpemebeds ofehe suvsntidn. t318l othereambagiment§ peYdle saftvare her

under st andi ng .of, the nature and.advantages of the. pres i nyention may be
oal | 2 d0oBy MR RE N SR s PP R R R B R Rer Gy AR BB bR G e

t he dr atchgfogranidBagbe ckdcigbledfyedonipiter RysTEMmatSpafemut@Hoddyranghevhtidnne
several drawings to refer to simlar conponents. In sonme instances, a

subl ab i§ a i j i it a
nyphen 1001 enar aihd i flitiching of FleGARE MR AkeAMIne Ppesl P, 2
nmade t dbeaealeded bgmeferenverer tat ramdimiagporives bf iheapedificdtionand ehe drbwings,subl abel ,

it is intend to. refer to all sych |tiple sim|ar. conponents., BRIEF
DESCRI PYHERID e TEiRr PR Resa!s Aiosss ﬂr-*Prgnth%lt PheSgvertibRtings tweggrtaﬁamﬂar

i1l ustr@bidadest.r WeahstSNEp q{g}n{? t ts, in
accor dancéj25 ngt h gggroi oeﬁsStenbdg'{i@rrlgtna?gﬂgfa %to Eié@mﬂ;\ﬁegﬁgﬁ?wﬂ alﬁ‘?g%ez is a

gener aldekiguted byyarhyphen ©idegotarmnt bf msitipd¢ singlancaoppuntsr VEhst efgrerice is
accordance W th.various epbodi nents.of. the inventio 0022] Fig.. 3 is a
D ook s S Prers Rl RiTEPtR R ioh IS an Yt ARkl SE hiendta 16 achi g
t ar get sefek fo ALSRMAMIGFlWirhillar\eBmipeHsnt&bodi nents of the invention. 100231
Fig. 4 is a flow diagramof a nethod of tracking ainpoints, in accordance
with various enbodi nents of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS
[0020] Fig. 1 is a schematic diagram illustrating structural components of a system for

tracking targets, in accordance with various embodiments of the invention.

[0021] Fig. 2 is a generalized schematic diagram illustrating a computer system, in

accordance with various embodiments of the invention.

[0022] Fig. 3 is a block diagram illustrating functional components of a system for tracking

targets, in accordance with various embodiments of the invention.

[0023] Fig. 4 is a flow diagram of a method of 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.



10024] Fig. 5is a flowdiagramillustrating a nethod of estimating

predi cted ainpoints, in accordance wth various enbodi nents of the

i nvent i orvOo2001297% 1) 61019974 PCT/ US211115 /112 5118 9 pPLOAR3}05/62Ws9 6 i S an
illustration of a centroid of an ainpoint, in accordance with various
enbodi ments of the invention. [0026] Fig. 7 is an illustration of an

ai npoi ni002&f | Bigt 6 émarmollgstragiod o centydidieban anpeint; in aceqrdocgaridevanionh vari ous
enbodi ng ts.ofntt hgthienﬁlv%rﬁ&igon. DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0027]
Enbodi nEASBen RENEAVEREPSn. therefore, provide inproved systens and

met hods for tracking targets in a sinmulation environnent. Merely by way of
exanp! 0026 eﬁ’@nﬁFsa%lyluuétfﬁg'@éﬂioﬁéﬁﬁmﬁﬁ%%rﬂﬂ%m&nPéﬁlll%ééf’é&VI‘ dRaga et

tr acki ngoSNSh @il Brichls Atb3gnde Hhe WivERdh. vi deo  camera and associ at ed
conmputational logic. I'n certarn enbodi nments, a closed |oop algorithm nmay
be used to predict future positions of targets based on formnul as derived
fromprior tracking points. Hence, the target's next position may be
predicted. In sone capepallE HESSRIFRIONDF THEGRN&ENTdNer sorted based on
predi cted positions. In certain enbodi nents, equations (including wthout
|i mi t atf0827] f Embodiorentsrofdhgimvensivg, thetkferecrnodide nuiproved systénanaid methgdse

deri vedfff’ro‘%onte or nore V{ eo fr.anes. ?g%h eEuati s ma% al so be, applied
to one °bFAHGEALGHL DA VRPN FRATIMED- (USTILRL PO ST KO B 8GURRY by t he
syst em ephBbdeREhtProvid RSB [aSer thigeSteadk@igBybam tAhSEackBY tdhgetWwitcth Videg# ONPUL €
predi cted positions for targets; this prediction may, in sone cases,

conpensmers yid asporstedhcoraputalonal logicn i enriscensbodimentsed ¢laged logmalzegthm an
aspect, i i . i i i i hods and
ayor omFopt s of Bt PRl eBiichb B LAMEU AR ERLAS deIREOHGH oL ™1 00,
cases, tsdvhing pomitssHERGR, thertarget’s hdxt position tlag be prddivieéd-Ihadme'chdds) tatg@ser s
nmounted on the bore of a training apon to illumnate targets on a

pr oj ect®# Prrilieret And{oLRsiseibatrdroryedictsd PRY iR dB&ERIR cEIP i er a (or any
ot her S@Lﬁ@lgmn\ﬂ W ARG i5niB8Yh e Qraeféalggﬁ&@ranaxééoﬁmg?@e? ehfiftiahi) v

ai nmpoi n vari ous weapons, and, In so cases, predict ere ‘one or
nmor e ai mpybadsiveddyonappearmore vidaouranasi (moh Equatioss miahelselbg appledd totoati ng t he
identification and t{racki%q/iif t hose i i n. future franes. I n sone

€

e
enbodi R SHEEPRYHIANCS HlaiShoTBEaRRmOL PEICE] bY e yagR: WESHIBRS nay not

need t GeriidHbiREdhése fOmalRhs 418 BaPYE Bdlte compariprédiasad F@smtia{s f6P@aFetsveapon.
(I'n other enbodinents, however, the em ssions may still be nodulated (i.e.,

t ur ned thisrpredietiasf hyy,an seme pases, icompensatedioy hprenhelaysyin e pragessihg gipetipé-e, in
certain enbodi nents, the
[0028] In an aspect, certain embodiments of the invention provide improved methods and

systems for determining of weapon aimpoint in small arms trainers. In many cases, small
arms trainers utilize visible or infra-red (“IR”) lasers mounted on the bore of a training
weapon to illuminate targets on a projected image of a shooting range. Using feedback from
a camera (or any other suitable video capture device), a computer system can identify
aimpoints from various weapons, and, in some cases, predict where one or more aimpoints
may appear in future video frames, thereby facilitating the identification and tracking of those
aimpoints in future frames. In some embodiments, therefore, the aimbeam emissions of
various weapons may not need to be pulsed in order to provide for identification of each
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).



em ssions fromone or nore weapons are nodul ated at a frequency equival ent
to the frame rate of the video capture system which can facilitate the
t racki ng woab@voiperent i fi cati on of ainpoints). 6 WO 21) Préadi@8/045089

PCT/ US211115 /112 5118 9 [00291 An exanple of a sinulation system 100
maybe seen in Fig. 1. The system 100 includes one or nore simulated
weapons[002¥b, Asasimple offisuhulsersyisteas16) mey bescenanFigydr Ehe systere 9@ an

ai mheam i ch may be .of requen that, is visible.to the. hu e or
one. ¢ nabeiufes g i s VPRI sttt Cultof SnBiil et iss B BHE ot e
det ect | (9RnACAH AMBBAM #FhicHasSHTd farfueisy thinds aisiBxeaNhe Aimbe cyd@rugbtthaf as
representing a hypothetical trajectory that a projectile would follow if
fired fipamvisiblei iehas BRY, Whighaian b dgicetet by @ppioariaisddetegiiasequinmagnt Bs| | i sti ¢
and envjr.QF t.al : I W J e (but
s mot MYty ST Efbtam o BORR AR iy 2 RhR Ry o
ai mbeanthatlDgr3[etti[Elveody &illom if@Bedfrom a sihlackdsveappi (jegtdcting, iflBorhbadsesyay be
configured to.display one

) or_npre targets on a projection screen 115 (the
di spl ayloRBglige %ldr%wa@nfrﬁslgeéfe@ts%. In' sQmipicgaRs. @ SRS 1 eenad 1B Eipd! Fovi ng
tar get sﬁcﬁ‘ﬂgfégﬁaé%r)sééﬁd &edfaﬁ%magbeenqemﬁ 03P BmAfanQBbQm, MOre targets).

When a sinmu weapon 105 1s alnmed at the projection screen 115 and is

o oo Be8 STBRSRTn LIF kFlIRES Lt LRng R g ige BRSSO
hypot hegr figre titkeks 86 bipr&eétionelrdeh QNS (A€ displayuhAl Rk WEARIMAES8RUlad/ideo

intersect the projection screen 115 (again, in some cases neglecting for
bal | i stinpgaréidesr oranoiermariiag tasgetefprd/ois) statihignagienpos-nt phatpgraph ebenetny

det ect ed e [ f ' - I i reen 115,
as des crplo%ztérglgtﬁy n&hgﬁégﬁg?lﬁted%%@v{. [%lggﬁé({l%gﬂesélﬁsa eé:ﬁn&?%c?%?eﬂ iﬁnlgll%des a
vi deo camittifgeantimbean, 1RO intevedction wyHeeimbastingl @ith thepidiedtiomsdreered 5di gi t al

i mgi ng device (such as_a d_i&lital_ vi deo_canera or _any ot her device

conpr i SRTABUGSHAR aEanaiat, Witk 1pthepgpd abwhich @ hypothrich! arisctids ived drom fhegy

sim | arsitBRAROLAGYN 105 WU LAl Bt B?&?&féhk@#&xﬁl?ﬂ;&&ﬁﬁ, @ @Bescapt ur e
video images (or "still 1mges at a "sufficiently rapid rate) so as to
recor d megletag farbatifstionrd/or envimoemantapefifartsy. dhe tingpammtpthen,tdanie dsiectedns 110.

In sone cases, t vi deo capture device nma a progressive-scan video
canor a2 kr i 6B Mo LoE PR P oHnl £ P BERRBET PG GEY. desor i bed
in furthggwdetail below). [00321 The video capture device 120 is di sposed
so as to capture a video image (and/or a series of still imges) of the

proj ect fOB? 1]s Chfi€ Q}'Istelrr? fitthe? ?r{?:?u%%s g fVidtero1 %aﬁtﬂr\ée euc%rbo,t whﬁicﬁ/ im%%%e a video
camera, a fixed digital imaging device (such as a digital video camera or any other device
comprising photocells, one or more charge-coupled devices (“CCD”) or similar technology),
and/or any other suitable device that can capture video images (or still images at a
sufficiently rapid rate) so as to record a location of one or more aimpoints on the projection
screen 110. In some cases, the video capture device may be a progressive-scan video camera,

which avoids problems with frame interleaving (which are described in further detail below).

[0032] The video capture device 120 is disposed so as to capture a video image (and/or a
series of still images) of the projection screen. In an aspect of the invention, the video
capture device 120 is configured to sense the frequency of the aimbeam/aimpoint (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



capture device 120 is configured to sense the frequency of the

ai nbeanm ai npoi nt (which may be visible or invisible, depending on the
enbodi nenwo.200an18oAe enbodi nents, the video capture dewycrasi@bonwgs al so be
configured to sense visible frequencies, such that the displayed target

i mge (which normally would be visible) is captured by the video capture
devi ce fi@Qemy, wplurality bf videh eaptercisdicae i2may be usedasyshdhationn (erimeorg) obeam i s

oy ur al 105 i gl hF Bt eec ety @) 6bE R TR Y: Tore)

of th%iﬂgéﬁhﬁ‘s?s 120 capture the target inmage and one (or nore) of the
devi ces 120 capture the ainpoints). [0033] The video capture device 120 is

in co pfation .wit r,acki ; [ o]

per or Moo wited Fefisk 9REL 20 SMEMbRunaon Wil aXRekRE BRRURF IR, |
par ti cubkich eaiwhisee s erfdrar metkhadgdfahe inventisreaskdesgibedrip Aireter d&ail Yetoar M nes
where the weapon 105 is pointing on the projected imge by identifying the
| ocat i dR PaFticulss crpadigIcats, Tor grarBPLS, thy tiagking ForaRutRp | % detdrmingsariersidiec onmput er
125 m ] ] ; : : i I am t he

i deo cospER Bl poln TR bR PP By R e o P TR B AL o o
cal cul avereisby wsy désampbe dhé tnackirgecodgtusadr| 126 edight, capture amshapedsichtas odet er m ne

the position, of ainpojnts. on the projecti screen 115 in articul ar
Vi deo” TORARRE Voo SERIEP) hivagls vicea fattyB et o6 ol o AR BEsh ot t on
rel ati Vg did cthiiPEALRGHIRTaSdseEPedlil AR L@ bbb, fSARIMR) {d @i&nfdhe thBe

vi deo capture device 120 and/or nay be relative to a projected target

i mage. fod0®AJof himpinte bn the Eajsoddmesneen, 116ae h pefticulae visieonfilanteddr stdbivengs). 105 i s
in co nication. wth a . data interface devjce 13 whi ch ovi, d dat a
communi oo avigtts wSALE At 1R e R the Brolsttion ST LS Hos™ 1
this waaptuk®fra¥ 3 eSided ABRPOTVIED] 20aind &P MByHeGalativé & 4 hojdeted tkigBo
conmputer 130 details about the weapon 105, such as when a trigger is

pul | ed,!mgE&n t he weapon is emtting an ai nbeam details about the ai nmbeam
(ai nbeam frequency, nodul ation frequency, etc.) and the like. Likew se, in
some go0b34]i nkrd st bhembodimkntageach oPthe 8imdl3@d meypasddns tadeenmiadibatonweapon
105 to instruct the weapgon to start ,4or stop) enmtting an ai nbheam what

ai nbeanth &dtfamrigriassdieyice foBuvRich BrPVides dgueREYHCAoR bEteen if)%eAPOThe t er m

weapon. A R T ool BN LT Cuency with
whi ch tdeenmunicate to the tracking computer 130 details about the weapon 105, such as when a

trigger is pulled, when the weapon is emitting an aimbeam, details about the aimbeam

(aimbeam frequency, modulation frequency, etc.) and the like. Likewise, in some

embodiments the tracking computer 130 may communicate with a weapon 105 to instruct the

weapon to start (or stop) emitting an aimbeam, what aimbeam frequency and/or modulation

frequency to use etc.

[0035] The term “aimbeam frequency” connotes the frequency of the light emitted from
weapon, while the term “modulation frequency” connotes the frequency with which the
aimbeam is 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.



ai nbeam i s nodul ated or pulsed. In sone cases, the ainbeam m ght not be
nodul ated; in other cases, the ai nbeam m ght be nodul ated at a frequency
mat chi ng wbeodwmpe4r ate of the video capture device, WRCTluSe@s/02®89 st i n
the identification of ainpoints. In still other cases, different weapons
105a, 105b m ght be configured to nodul ate at different frequencies, to
assi st [0036]heln shertanibodanends) tiof systesn H)hfunthert comprssea displayeempiter Adny
enbodi nent s, . however,. . because .of the abili of the t 100 t.o identify
o1 ol 1108 <3 Y S e EspIa RN PATROI s (ot 15 oemi P T 4rondeseighagt
unnecesfakys), Sg VVBr 24116 DA RETSA] b1 Thé b1 kbhplter 189 3Rl alsd teome
enbodi nent s, t%e system 100 further conprises a display conputer 135 that
can be a@ségured talsary chmtrgéwg,rksénnﬁpé@rggg systang (althgpugh 4 sppaataeqiiteo]l a stil |

and/ or video..i her eof,) ., for | vsi i or mance,
etc. Th‘gorgFtSB?lgcn%g%hr?%ﬁrﬁél?a?’l%él Srgr%gn da{?rstge B%ag%%gélﬁﬁﬁéregﬁb%ggg §§fa&s a control
wor kst ajon@uitdran st then, sightea ih @binningdatian sehahatrackignéongputeiBSKsliggtviaon ( not
shown) may be used and/or the tracki ng. conputer 125). The display conputer

135, t Hshvork IgRt sush ap an Efiemish netioroiheuniemethan infrgpsdi yyirelsshigtwprgmnye g, |
via a : : , | ntranet,
a w reId(}fs?ésr\,gﬁ{at%Efbv%?1 O?ch%t)l/&?%t (Oar )s I '? gltbef gﬁﬁ%mf%gffdéﬁé lﬁée?%r n)ﬁ"ﬂzél n ot her
cases, trdvkingi copipater ¢ 2frpatyde tHSEnenabniputer. )t Tlacdisplgy camputerel3 518 slsomyedye t he
sanme conputer.) The di.splay co ter 135 is also_ , ..ln sone cases, to
ot ovi denBRe RO PE T LS R ageds Biasrieaivt! e gt R R 135
may be LA GO AL WitHYhE QStadRkAadd eI as 30 @ theedifkt1y 3P viadhd her
directly or via the tracking conputer 125, such that it nmay communicate
wi t h t heackingonputed 25 et thasitinryscompeumente withitheayweapons h@l, pedwps ined above
with respect to,the.trackin onputer 125. [0037].1n accor ce with
certai ™ BWPost,hats‘%g?f&baea&%% W&ﬁé?sge(gﬁ%lﬁl}??tra&%\ﬂgccg?p e}r/ﬁZ?. configured
for use in the system 100 (e.g., as a tracking conputer 125, control

wor kst a0P3H, Ingacsprdagcecwitbeartain arsbodimgntsy stensaed ¢ommyters aed/gedgviees mmy)beand/ or

to inpl f i ti i: i

11 ust rannBerel oAl B shiten 100YER, bERualh B Engyll £35) ERR R0RRAEN,

exenpl adiyplef canyutaf 1 35hadoo dputieegicaisvived 30patyirie implenieat métheds clhput er

L

coupl edV : :

central i i : i LC 215 (e.g.,
209 Q/Elgrgl;ﬁg‘gé;?bde, éﬁé}b{p%r& an /ois-)ti]iQ corﬁf}lgreﬂfdemééadésgﬁb@d AHVE Cefie

a nouse, a or one nore out put devices 220 (e.g., a
di spl aycotepnitareystem 200 mg shownatomprisinghardwarp alearensyibitemytOcleatmgallyl so i ncl ude

one or IobRaShl BASA e Tardiare cRheh@ing nSSaBhCer Mo BifapRocessis) 22°

units (CPUs) 210; one or more input devices 215 (e.g., a mouse, a keyboard, etc.); and/or one

or more output devices 220 (e.g., a display device, a printer, etc.). The computer system 200
may also include one or more storage devices 225. By way of example, storage device(s) 225
may be disk drives, optical storage devices, solid-state storage devic.e such as a random
access memory (“RAM”) and/or a read-only memory (“ROM”), which can be programmable,

flash-updateable and/or the like.

[0038] The computer system 200 may additionally include a computer-readable storage
media reader 230; one or more communications system(s) 235 (which can include, without
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

9



may be disk drives, optical storage devices, solid-state storage device
such as a random access nenory ("RAM') and/or a read-only nenory ("ROM),
whi ch carwbeogvoage7amrabl e, fl ash-updat eabl e and/ or t hePCiTkS20050838} The
conput er system 200 may additionally include a conputer-readabl e storage
medi a reader 230; one or nore conmmuni cations systen(s) 235 (which can

i ncl udembwidithents, thd ¢campuier systema200 ragpalepinchide aipneasssieRadcekerationonti2dat i on

facilitiges, such gs jal_and/or arall el rt JSB ports, | EEE 1934
por ts, “HHELAET AR A HER, saialmimet BiCeuEt & Pn FelkEs “or wired),
infra-red communi cati on devices, and wireless comuni cati on systens,

i ncl udil@B391B| Tks esapitermgadable storee mediageadsr B3R can fugherdeopnestdd tond wor ki ng

doscr | sE PR ERormd bR 250, gt sh GRbh AL, AR GUAS oo *°
enbodi nsesrhge dévilee() QaPLIEsmprelchkionlydepresamying ranote Notalgifxel, pidicergsiongble

acceleration unit 245 , whigch_can include a DSP, a speci al - pur pose
pr oces SHRTaggmARVEses PH starags medip fgjtemperaplyAnd{qs mare REEAANENKY ey BINgedi a

reader c%ﬁﬁ;u?&l}?iddﬁfehﬁfonﬁ%ié;f”ﬂﬁ%ﬁﬂn&rﬁ Rion§ YR )E%isexgtgﬁpér‘ﬁqiﬁ%ﬁé g medi um

250, together (and, optionally, i n conbination or age devi ce(s) 225)
conpr elmabinged yitheprepg ekt (invtpdirgwitkout liod teltipn theaethyorknids alesereed wbdntee

st or age vi ces plus stora di.,a for tenporaril.y.and/ gr re permanent|
ot af TP aBS RITR EemPu s AT e G U L o e BRI B i o) 2
ey  perddniputid destAb&Pabof¥ GHANESEcMb the &sieat Yeuyk (including without

limtation the network 145 described above and/or any other conputers

and/ or ice includi ng wiihout limtatiaon the devices and ¢ uters
doscr | HOB ot (S eth 2oDgor bR o b o 1A aF BB Syt em
200 maycuddeOy Lehfed v this @ oViahe mehRe DA indilding aR6pdretinOsyseu! 28 (shoh dsocat ed
within a working nmenory 240, i1.ncluding an operating system 255 (such as

g. : :
any of aefMeavailahle vaagtiesef MictosothWandayss eperptigavsewpd/NEXrgr ns,
UNI X- ory; i s | el G: rati [ .nframe
oper at ihn%l’\%{/égtag |Irﬁsll(rﬁlxétg(l‘g) W?ﬁe—b géc%?%(n \/%ggggséﬁrrl%m sﬂgeaoﬁ)te#aﬁ g? Eisr%:ﬁ%gefcu e ot her
code 2GOftwarcdlerasntonan furthemineludppihecedde@60, puchgs and o mbiecipplivgtione an

application, etc,, configured to perform procedures in accordance  wth
embodi rPEEMSvhish maK -aaﬁﬁcaé@nmfém Coptered t PREOHP BIICEIFDI 2cElgrne

appl i calPBmb¥EmenRIcPWREhventiBR, S&TMELs a died: Eﬂp_@iﬁat?d?ﬂkér@@xtrég NeatidBiVE, etc.).

The application prograns may be designed to inplenent hods of the
i nvent itwawsqgro@dd jerver, mibtibrchppbcaiopr BOBM®,c:t¢. hatheadppératanepregromd inmgrites of a

conput Hesi g(} te()r?m%?ceomeql?%ethods of the invention.

[0041] It should be appreciated that alternate embodiments of a computer system 200 may
have numerous variations from that described above. For example, customized hardware
might also be used and/or particular elements might be implemented in hardware, software
(including portable software, such as applets), or both. Further, connection to other
computing devices such as a data interface device 130, a projector 110, a video capture
device 120, network input/output devices, etc. may be employed using any appropriate

standard and/or proprietary connections.

[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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have nunerous variations fromthat described above. For exanple, custom zed
hardware m ght al so be used and/or particular el enments m ght be

i mpl ementwa 2006/theg7dwar e, software (including portabl e ®offtusases/o2®eech as
appl ets), or both. Further, connection to other conputing devices such as
a data interface device 130 a projector 110, a video ca&)@ure devi ce 120,

net wor Kn¢lngest insuelpanpligationt®sin ascerdanaeyviiesaamgerahedimants n (VA 2 appiceler i at e
st andarigm&lno%/af)% l rgQIB ﬁt% ﬁfu)étrgtgg Bgﬂ%ﬁ%gnﬁ sh# c? ﬁgleipﬂrgmgt]e& %at 8{heF mbodi ments a

t racki ng conpu 's conh catron (and/or a set

of sof teﬁﬂfoalraaﬂb hegtféamns) diffa*entamhg@nérheaﬂdrmlskn@d mﬂiemhamlltascérfa%gk
and/or identify ainpoints, and to perform other nethods of the invention.

(I'n sorkasehaptdic dese@su@dxef%rthatafmﬂtioe&ﬁ the traskipg yeryer @ndedisyipwed ahong a
pluralifye ds@%r CARELR] t% B G oRQate&hnl Wﬁleﬁ(ts ?1‘1&9{?;{% %uthmf HRGeLOns

attri bute reinto etracklng co strates a

functio of a.trackin apllc I on 300 ari ous
compondp43l nhil St srfestimee B &Pﬁ&ﬁl@é%@%f%@ 13153 caPiyte

i ncl udegtel AcS 1) Wikl defids k@ Bdphire vid%o%ﬁ&/@? SN GRagth FoNSPVReS Bt MRS
(Wiile a parti cular functional arrangenent is illustrated by Fig. 3, it

shoul d Be aggsr @ptla@ mﬂertf&@aﬁ%tsmcs terrmvmthmmagv@ ahd/er tarmakithgiimhge(eras
arr angemant .ai.n

o Cal oS 101 B vy ootk B fepui o DL B Qs 2R B ThebF: but o

as necAs&aé ¥1 G NMHich fads theiiage(S) fob Piticnm BatCHIAE POSIBIS aindophts.CBEd @0sf and/ or
devi ces) . [0043] In the illustrated enbodi nents, the tracker application

300 i ncﬁ%h!@@n@lltvtmé@fgé%ﬂswiﬂemoﬁhﬁ? svarches fgdemingnee andderrcheamanse yalbesr e vi deo
and/ or Iﬁﬁthﬂghg'ase O] %r%roaﬁleg kéjgo ﬁtgﬁltausre?ofig \ﬂn(éﬁ @wgpgonﬁﬁgfa% Ctﬁpetsm;lﬁ

interface 0 recerv Se)(s) as
necessary . for_processing. the system Th li.cati 300 aI so |ncI udes a
ai npoi rlpx‘iﬂcawcorﬁiﬁww tiggqgne %P%f\mgetaﬁsraﬁﬁg%ﬁ 331? o> perltss Pns

mat chi rﬂte?ﬁg%'lé&&xﬁ'tml WeShe f»a{lte%ssrﬁétcﬁ’ihé ggggmg LYt ! ﬁﬁaﬂ %ﬁ%mEﬂC at or

nodul e searches for |ummnance and/or chr nce val'ues ng a set of
pat t er rthe flterdisg lgomthyn eingpares the slgoritinschghinsicnh expedtod sltaq)n,fsughl tlabpatems

threshol ds). ,.[ 0044] In accordance.w t.h sonme .enbodi

11 ¢ or ViR HAsHeCnS ehpesfil FAEF AT Sl on Gra oy P i G hARy BB pa ¢ er ns

mat chi nde PRISS i tBredirHaRs. n(t&lthohg'h Athe ABRAbBE Bhboditetsfihd difipblis A gori t hm

conpares the al gorlthﬁs %qgal nst an expected shape, such that patterns not
gl

mat c]tn rexpe¢ied mtﬁmmé@ & 1nslpper othﬁrz@nlmdlramtamafgimempl%amnmen@ wihr ded as
arti act ?r%L?%es aend\r/rslblgglﬁ ??t%}gé glgg %ﬁ'{%ﬁ'tgayt steH ?ougﬂerl qarséc{] on 9 ﬁ%ﬁapegghape

enbodi rre nts ar be generalTy e

ot her enbodi nents m ght enploy ainpoints with
[00 Those patterns that are not discarded (or, in embodiments not employing a filtering
module, all identified patterns) might thus considered to be valid aimpoints. For one or more
of the aimpoints, a centroid locator 320 locates the centroid of the aimpoint, in order to
determine precisely the location of the center of the aimpoint. One exemplary embodiment
for determining the centroid is described below with respect to Fig. 6. Other procedures may

be used as well. The location of the centroid then might be assigned as the position of the

position of the aimpoint.

[0046] In some embodiments, a spatial translator 325 may be used to correct for any
deficiencies in the image capture process. Merely by way of example, there may be lens
distortion in the video capture device, such that the captured image does not accurately reflect
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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ot her shapes, and suitable filtering algorithns may be used to filter based
on such shapes.) [0045] Those patterns that are not discarded (or, in
enbodi nenwve 2nato1esrpl oying a filtering nodule, all i dentciivsdoosmabioss ns)

m ght thus considered to be valid ainpoints. For one or nore of the
aimpoints, a centroid |ocator 320 | ocates the centroid of the ainpoint, in
or der tagtuabiaitmporit pesipoe wiithakgordddeaimpoiat pesmtiarf for hgadisntas syssémt Bechai npoi nt .

One ex | ary, enpbodi ment - for, det er m ni the.centrojd }S- descri bed bel ow
wther SoBnfle BB feTEe gD, fRhh il ph e SR hEGHE ST RERE The”) ocaton
of the depaidigd éh tHeeptivilGhhraberigtisiog ird/idsm daptiroasiitd, e PhtidinRnsipesdLs on of
the ainpoint. [0046] In sone enbodi nents, a spatial translator 325 may be
used tdn%‘)blPQ*'émeC@Sé?r)’hny deficiencies in the inage capture process. Mrely
by way of exanple, there may be lens distortion in the video capture

devi ce,[084h Afert uridesgotdppdnyriedessaggeatthd @angiatiom deueadrded/aimpbinecire t he
actual positiqn of .the ainpoint _on the projected i nage. The spati al

tr ans| drRessediyrAn mombegg_ er&@ﬁﬁfﬂ@ﬁf@mﬁ%@ {1BIPOUN 347 FREFIEH SFBPHRG as)
that cqhifghs dipdngStoliratie) 61Ca{iﬁg8in%§-ush& _bfi_cteﬁ?r%@iﬁonRx;}ﬁdd(\@ﬁw#d%g_c?b\?%ay be

determned and/or calibrated as_ed’ on enpirical conparisons o
21) 1) 610 fathes degitbeled) 1 Fig 4/ deseribeadlid detaildetavg lillestratesiont epasplaryonethdd h

record i int position. for a.particular.system .Such rrmul as (and/ or
herr dBEREE iy RS Qbe arfyifiRbiny S i bEBRianaS agdel B ce
dependiAgip&int ﬁi@t@r@]@?ﬁ@'foﬁth@ﬂaﬂﬁb@ihl.s’m&ﬁn@&r& hgtdfs;mw(w}ﬁmmgyfué ce, the
spatial translator 325 may be unnecessary). [0047] After undergoi ng any

necessatgred plaa daiabase,arfidt 406 envl/ortany othes spithble datapioicturs), dnaeks pstodesdsed by an
ai mpoi ng__i Ffier 3 ' ' i.fies [ . N S a specific

ai npoi mos{t%;g)g%éaaﬁg l%d’r?r%g%al\g{ﬂ%ﬁét}P%&?r{%’/(aglp%apﬁg(o?r? rrgé%lmaéessﬁl‘ng a predicted
position w ndow 350 (described in further detail below). Fig. 4, described
i n det dPP48)e| Based op thesaimpeid histary.cdopplaggneraion 340 gensrateretariply ng an

ai (o ' : : > ey . L o o

R e e S S e L e
(whi ch desgritineg ths oot dfan ainjadistttales thafoftnatf: fi | e and/ or any ot her suitable
data structure), tracks historical positions of each individual ainpoint
(for exanple, by X Y coordinates) aTi9048]+Based on the ai npoi nt t@jg?_tlgry, a
formul a generator 340 generates a formula describing the notion o

par t i covkere Riisptimetvaluer{whighamay kadadeulaied baskd enthedfirareaitate ofithe oapturted

J . ) ) .
descri Qzllg'e% a;[n or E‘Hﬁ Iir?lgge%;, 38t A0 101{ <3i.<ge.'\,sintpri])g'\elsf gerrrHa(r)r];e),%Tis%hé'_ Vetic-)rcit-glc (Bq. 1)

(e.g., in pixels per frame) and c is the original position of the tracked aimpoint. In some

embodiments, the motion formula is derived by fitting a curve to a selected number of
historical aimpoint positions for the tracked aimpoint (that is, positions stored in the aimpoint
history log 335). As described further below, in certain embodiments, the number of
historical aimpoints used in generating the formula may vary (for instance, with respect to the
current velocity of the aimpoint, and/or based on other factors). In many embodiments, the
formula describing the position of any particular aimpoint is updated constantly (i.e., at every

captured frame) 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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where T is a tine value (which may be cal cul ated based on the franme rate of
the captured video and/or still images), a is the acceleration (e.g., in
pi xel s pewofn@mad974b is the velocity (e.g., in pixels per/udse@sw)soand c is
the original position of the tracked ainmpoint. In sone enbodinments, the
notion formula is derived by fitting a curve to a sel ected nunber of

hi st or i[0850]ai lmzoiehof grolsadinents, the genenated fommietachngdiarled #1mpeinibhistarg maydsi t i ons

stored in.the ainpoint .history |lo 3 escribed further below, in
cort ar OSSO HIPEbR wigh Hebiang a3 3hs, o EaF A BRRp L RO, BV BRLENL, LT ng
t he f oravutage GRY predicYed foRitiontFlad Aifpoild ihA fueSPREhe bAd b B& of Bisterat vel ocity
of the ainpoint, and/or based on other factors). In maneg enbodi nents, the

1

f or mul Pogiioas fasithay ampROMeSq A5 tl9ANQSE aggiyatplyrnredict afutuse apwfion of the aivnainty
t i . . . , ) 4 . t
o oo stel by oy Ao HBleYir BARKHEE felbei B Chinigo R UERI N el 1G0T RladvBr? €

t r ans| ahedhistericaénilugsanay bocomsidetdaddn shengretage, anddyorhikeose hestorical ddtiesrmayne a

predi cted position w ndow 350, which is a radius fromthe curre posi tion
ai npoi e OISR EtyehspTa ﬁwgsf (aPﬁ‘gdedainﬁffo‘iVﬁﬁ'q'lﬂ the %%bmeaﬁﬂﬁ% (whi ch

m ght  REreRUINSSd AR aiRBoint NG BHOAG NN thch ARVl Piver Rt GIREFIEhr O be

found. This predicted position w nddow Ttan be used to identify the ainpoint
in a subsebpemnsiderednamdirdhohistopicalrppskionhmagibapotanded miatistelydesstyveighitin f ur t her
det ai | gel ow. 12 WD 21)1)61019974 PCT/US211115 /112 5118 9 [0050] In a set
of enmbdtf AERIE: the generated formula and/or the ainpoint history may be
provided to a variabl e-wi dth averagi ng nodul e 345, which can determ ne how
to wei JAOSHn Thigérbeged of the peineiplecthaif gsiurientveddcityns elapyshhlows Hia future
frame - el (cal- . positions.far thaf. ai mpoi nt 0 as.t.o nore
cour at ey Pl? Bierg el Bl eGPlneetP ishBR i 81 ghk iR TE Yistbions §r B0y o

exanpl er acdeldrbgorcare heiné likell @ bé yrtiddctd bthaiidpe captuieSysteaid e inyolhitary
relatively nore historical values nay be considered in the average, and/or
t hose HNQtesantsAf haayverponneich that sye riatiens &g slativaly/lepplikelytodidvey (accor ded

nor e i .1 e ) . i . YIPRYA it. e
A A e e e S R S L
may be likeshsthetghe thainaa o/ teavetshg the sinoof thaweppsi, sudnthatnthy natioa dorarude i3

relatively l.ess jght jn the average. [00511 This is based on the
princi ﬁF@XYﬂéfnqr‘\FAﬁf‘ﬁ¥t%h?"leé’ﬁ‘f‘ﬁ?/té‘feov@?‘?ey i [s relatively low, it is relatively

nore |ikely that the trainee is focusing aimon one point, and variations
in vel d89323] Ioe. adesetibesaan axemplasy pracedure k@i perfooming thistweighting of t he vi deo

Capt o SR AR kb ety PP SRR e MR BB "

weighted average can be used to determine a predicted position window, as described above.

[0053] It should be appreciated that, while exemplary functional components are illustrated
by Fig. 3, one skilled in the art will appreciate that a variety of similar functional components
may be substituted for those specifically described above, and/or the organization of
components, as noted above, may be modified as appropriate. In particular embodiments, for
example, certain functions may not need to be performed and thus may be omitted from the

tracking application.

[0054] Another set of embodiments provides methods, including without limitation
methods of identifying and/or tracking one or more aimpoints. Fig. 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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predictive value. Conversely, if the current velocity is relatively high

it isrelatively nore likely that the trainee is traversing the aimof the
weapon, swohodadnapouhe notion fornmula is relatively norecriusedogoemshave
predictive value. [0052] Fig. 5 describes an exenpl ary procedure for
performng this weighting determnation in accordance with certain

enmbodi reeptems ofaytheaisedvEhg inothods of the inventers sherefhres aramoit fihtited tagmr age can be
used taq g[et r M _ne arpretdi cted position wi ndow, as described above. [0053]
It shodl®! mé%ﬁ?%%?é?%ﬁn?hat, whi | e exenpl ary functional conponents are
illustrated b Fi%. 3, one skilled inthe art wil|l appreciate that a

vari et yI0835lsi ng method 489 pbhig 4 compasrsserturipgp viseodiama (lagkdf5} ofs t hose
speci fi i . i j ents, as

ot od ABaeddES LARMAPE Yoo Bl R BR AR, 8L Il SRR St o for
exanpl emdirhaits) chnncmposesreomdingahe meed fitamelyatipevides tgdu@ddvichasd/omy be

omtted fromthe tracking appli.cation. [ 0054 not her set .of e di nents
pr ovi decépwgflg&ers{ecqr%ff ﬁaﬁngw%@ %wﬁ_ﬁ& CAPIYF _{ﬂa?ﬁ?%f}?_o AspiEs BPlctio; (Mg
and/ or és%@c@hh@gme@ea rerﬂé{'iﬁ%e,ﬁhgpﬁl'egkﬁ%tm%! ifterfcd dddisita RufbinARdnSF SO AhY
nmet hod 400 i n accordance wi th sone enbodi nents. Met hods of the invention,

i ncl udibegonsidered atvidepreaptatd systenhp S¢hériprerstinzs edght\beRisgdas welhnGeleratlyy be
per f or ned arious, components of the system 100 descri be i th respect
o o 15 vidto fams il SFERER B Bost 3 sty (R SURRJIeCTS 14 SCKBLITP e

appr eciiaéledes ¥iBh or FTRELdMNoOthB @imPIHROJANBIBER 416lidnk OF Bidke sl ural 13 WO
21)1) 61019974 PCT/US211115 /112 5118 9 systens may be used. The nethods of

t he i nvampPPIDEs are idenifiest: dn agetoigmbadimentadsdescaibyd aboier ¢ pafteam-mpdchings or
t ems, T 4 . Fig. ' t i ] f
P e R o S R 01 il BB RE2AAR AR AR 2

still ithegsptired &lairerto édentify pasibldiimpoings) can conprise recording the video
frame with a video capture device and/or capturing the recorded frame with

id t i L, eati: Ln:an t, th
a vi qug?‘ﬁr gfﬁeehﬂ&?ﬁ&tﬁﬁ% BEn BnatPJeli Gt ARAL h%@&nh&‘i‘ of| e%rﬁﬂomﬁ(%?cﬁ:ﬁ €

video cC Vi ce, e video ctapture interface and/or a conbination of
bot h catl5).bln xsensf elebaiimants) ddarmimpg thepositeoh@ifithe dinpeint priglt sidwagsusri ght be
used as 1. nerally, the video.frane will ¢ rises.at_| east one

i ot TEOSRITHET RBPHES o OriRe Satedrien TriyEe iReh B ior (UG8 on or

r ef | ectjoefibRfaithpinRitdBREAH -a}tifﬁ@ts,Qb@ﬁilﬁfgﬁjeQntr&H%f He ARPESINPAKHSLs§ignREMPOI Nt S
are identified. In a set of enbodiments, as described above, a

pat t er rthertocatiomef theibepdroid smtherpgitionskitic anpuntpader perfomaing enynekessary

chr Onaré%gtiaﬁ %rlall“llseizsttioorf (e}{g,?{ol ttect fF Iar%rf] aet?giencies in the video capture system).

[0057] In aset of embodiments, the method 400 further comprises saving the position of
the aimpoint (block 420). In some embodiments, the position of the aimpoint is saved in an
aimpoint history log, perhaps along with a chronological identifier (which might be a time
stamp, frame number, etc.), which can allow for analysis of aimpoint position over a period
of time. The procedures at blocks 405-420 then might be repeated, thereby capturing a
plurality of video frames and/or developing a historical record of aimpoint positions in each

of the plurality of video frames..

[0058] At block 425, a formula is determined for the motion of the aimpoint. As described
above, in some embodiments, 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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the captured frame to identify possible ainpoints. [0056] The video frame
is then analyzed to determne a position of the ainpoint (block 415). In a
set of ermvodnewnbws determ ning the position of the ai nmpairnus2e0s@kdoss i n

vari ous enbodi nents, conprise one or nore procedures, including wthout
limtation filtering possible ainpoints to discard artifacts, |ocating a
cent r oil80%H] t Aeblar ,atfuarapesiticasaithmiingoint iepredictedi dhe predidtiensembe oi d as

t he positipn of .t he. aj int.. farm > . i.al
tranel 3erefoh B SR RPRLBbo LR B o R PR R SN pRIGRESONY s RN,

syst eMonelod@f¢ pleRioas $raned hndoihd cu@erit Sranic) endret divgh Atagewfbbr Ineomei ses
saving the positiion of the ainpoint (block 420). In sone enbodinents, the
posi t | ¢Asest axdrecrhedisbryR: theaverage ds 3 Weighted AVRR8RrAndior Sheol iehting might haps

al 0n9 WobbhPorFthe AU AR gitnBER} (d 4 Ethe (URLADoFIE BimBfin el diEeleraligfBy 1 ame
nunber, tcd.a‘f, ich can allow for~analysi's’ of ai npoli nf position over a

per i od thohinipoir, ctdheFigr b dbdtrates amtxdmmlatyento8ird@0 of herethmdgificalvelatiepeat ed,

t hereby capturin plurality of video frames and/or devel oping a

hi storipé‘é‘ﬁgtFél?BSr‘gmg‘PaS ?ﬁ‘b&i"?ﬁg}ﬁé?‘feﬁﬁs in each of the plurality of video
frames.. [0058] At block 425, a fornmula is determ ned for the notion of the
ai npoi 10060}s kiewore dpdrpdiméndsy ¢he dimpoimtrmay b duiickeshibiockt4ié). f Merely by wey af second
order formu a, such .aF .Eg. h1. | n.cer a(iin enbodi rrﬁnts tt e 1%‘orn:ul a.is

det er mi FEGPISy MEHIRPIIY P o 2981 & od e TR 88Y B L85 HaFk Th3TPPI%ns of
the ai rfeishh peMbd 6htimByallowinElor Bedludtidvalofderdidee. current position of the
ainpoint). In an aspect, then, the fornula generally m ght be satisfied by

t he poshhiQn @f i i i ¢ i e d video

{1 anas 108810 Fethel o BUERGHS e B e BR oo RER IS Vb BREAF 1 ke azo,
a fut urmrediosd podtiombdf irhempbinp hagticen sstpbléstied,ttkal praddiceppeddiiat may be asedae

based aon the fornmula for the notjon of the ainpoint on a known position of
the ai gty thepimppiat gra ﬂ‘{?ﬁ%luﬁ? fisEITERABRICa PP $RRYCCSPBRCAsS cre,

and/ or - - ; CIAl 3 - d he
v er agd B b ot S e P e ire % e
not i on vaithin bieat iimdeov it th¢ subequenhframe thwoimay of ideitefiedi asplxd macked himpoint.

accel ergtion a the ainpoint, etc.). Fig.. 5. dllustrates an .exenplary
rbod: MRESBT hnsrer B Tor APt O xeplecifnaitbEe pRbRarB b AEER BF .

wei ght gfledivied f/gﬁtiorli QRERRly)] 4h HRPBIne FBRWTRIHNSore kiseqhidiP Gamikes Y bee tracked
(bl ock 435). rely by way of exanple, the ainpoints in each of a series
of vi devalyrethioslepinza motien pytery. alfikthai madionpettem satigfies dhe mopen fosaulsl ti ne,

al'l ow "G {h%rtragl\(/&f aHr%th()f:r)lla tl?é aiglptO{n i ﬁ‘l%'subsequent frames may be identified as the

tracked aimpoint.

[0062] In some cases, the predicted position of the aimpoint is used to distinguish the
aimpoint from among a plurality of aimpoints (block 445). For example, if there are a
plurality of aimpoints located in a given frame, the aimpoint that falls within the predicted
position window can be distinguished (as the tracked aimpoint) from those that fall outside

the predicted position window.

[0063] As noted above, in many cases, a weighted average of the motion formula for an
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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[0061] In other enbodi nents, the ainpoint may be identified (block 440).
Once a predicted position of an ai npoint has been established, that
predi ct edwpasedidior4may be used to identify the ai npoi nPCcrusacisvb®eguent
frame. For exanple, as noted above, in sone cases, a predicted position
w ndow can be cal cul ated for a subsequent frane. An ainpoint falling
wi t hi n [06Gk] wAhbloek § HO, athastenytryexggimgtdepthapdetetmeinedmVhdlaisioreaerdgingidepth t he

t racked, ai npoi nt . reover if. necessar nd/ or op[r | f or, exanpl e,
7 cieSrPRE bR sran P i il SRR 8P Bla BBLRRI R fr ey <2

ai mpoi rediéte@pbatior THOKiStof & epite deptl MEHS bEBYsed®dn avinlayleatofeapegier ni ne a
notion pattern. |If that nption pattern satisfies the notion fornula for
the tr ZERdeWanyJusihthe velosity apdier snceleration of hemimpeiahtbasgda oo megAseson a
identifj WacaTe) : j cted
posi ti o%&g%naﬁgéggicﬁ%g?%ﬁea?g @%chlgga ?%)OV(?; g?[?%%la% gﬂéﬁﬁ% hcogi%’r?r%%?smb %ft?%trgnfyarmng a
pl ur al ishyuldfbeaisedpavintedy §pivay kf édmple, someexdopdinggnts protvidetiataneases wheter al i ty

of ainmpoints |ocated in a.given frane, the ajnpaoint that falls w thin the
pr edi ctBEVEIRHET 34MT ARPAGTBUPTLAR THlat VRS FPAlg rgkeaelyﬁwmémmbm stafitRoi nt )

from t BasRichd@hatli@lposiBUhSHOR pabihtcRi &N iGE S HaReSiald KR4\ ﬁ@%Wera%&%%tof%’s
not ed above, In many cases, a wei ghted average of the notion Tornmula“for an
ai npoi rkeptind t he positional history of the ainpoint may be used to predict

a future position of the ainpoint. Fig. 5 illustrates an exenplary nethod

500 t hgbosmn Ted MEMbASOY Ry WRoGhdI8dE JAMBTIRAE ah RREraflIdndifighdd$BIdck The
met hod 500 conprises nmaintai ning a hi stor% of ainpoint positions for a

parti culd) kisepsiembodbnets vaEs fthe vehecityi ycesferationyefithe aigwsintibns may be

21) 1) ofbou 8 B At D Prihel b8 ooy e SRR MR Bretle i o1
aver agiusgfullepixrapslatatedral frgnes itfoethd iginerty pradést agosigol @pihR airigsifir. | bes how

many known ai npoi nt positions shoul d be used produci ng the averaged
pr edi ct¥¥hethBsivelosy and{ar afcslertion atedielagively lenest Fuck eyHaPYatiggaynefpea

variab ln%éésg t .ﬁ gm?gliﬁe%é(?ra{)%mpﬂstah& i%ist%ﬂnfn@& q‘(ﬁf‘ég%ﬁ#&léﬁeépgéiﬁ&r ﬁccel eration

of the alnpo ase n sone cases on a no orrmulfa cal cul ated as
descri hpeellictbd (ddckdEr09y usinpetht owtion dérmofla fdre¢hgpmmipbinon hi story shoul d be
used. Merely by way of exanple, sone enbodi nents provide that, in cases

where (0865 CAPBIOEY 525) WP a kN Abta@B iPdRerhBh ITHal¥t SBRhodiRedi€liRd | Vel y

greater nunber of historical TPpositions (that is, positions from past

r ecor devkightedaveragermeg]) takg imtaiansount hothhtbe histarp givergging septhyand thept h.
extrapolation distance. The weighted average thus will depend on the velocity and/or
acceleration of the aimpoint. At low velocities, for example, more historical positions will be
used in the average, and the extrapolation distance will be shorter. Hence, the motion
formula is accorded relatively less weight, and the historical positions are accorded relatively
more weight. This can serve to “smooth out” overestimations of positional change that
would result from using the motion formula alone, since, as noted above, when the velocity is
low, movements are more likely the result of system artifacts and/or small, involuntary
movements of the trainee. Conversely, at high velocities, the extrapolation distance
increases, and fewer (or no) historical positions are used in the weighted average. This serves
to allow the system to more accurately 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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[ 0065] The net hod 500 may al so include determ ning an extrapol ation

di stance (block 515). In sone enbodi nents, when the velocity and/or

accel er atwono@foib¢re ai npoint is relatively high (as determseed/obsss he
notion forrmula for the ainpoint, for exanple), it is wuseful to extrapol ate
several frames into the future to predict a position of the ainpoint. Wen
t he veltodiatk, idendify andierdisenguishom aampoinkkadésgabsd wWiheespestie Hige#t dmpettat i on

may not be ecessary. .Once the gex pol.ati.on di stance is term ned, an
ext r apl SrAGERE Mg AR B INARE B kEBu s MG PR OB T or nut
for thewvaidgRpl dépth 41dRHGhe SltralpbREkn 8Rfancé, Baged ch thevahdhessiayeipratrd S
determned. In a set of enbodi ments, the weighted average wll take into
accountWisdew) maE baicemppipd gtamdyne glnriheriemhediments, thsdormplas 12y b8 P&-st ance.
The wei : ' ] .on: | ocity and/or acceleration
of the cg)lm %gﬁd?\at\ﬁajoitgglll or\?vééé’e 3%:4 ?r?g)g?é?‘?gé)&gﬂ%ph}{gl pscr'mr e historical positions
will be used ip the average, and_ the extrapol.ation distance wll| be

short _er[poflgncg,Sﬂ?‘}ln_@%ﬁﬁf’ﬁegﬁ%t’f%}i“ﬂﬁﬁoée‘i‘s§ OEQE%PBEBH’ thy methpds §8q @'\gsg%l ght, and
the hi s{Q&iiealapPRSichrdd thealintARGQSHSH f5¢Rtihy 8k Y singmw@ihgmeacﬁ Ramecan
serve to "smooth out” overestimations ‘of posftional” change that would
resul t dmmdinmentngf thiaenventiow parf identifly apratess end/sr inaak, a plyrahity efchimpomts; Imhen t he
velocity is |pw, novements are.nore.likely the.result of systemartifacts
andsor Sitnpre SRAYBETRE ST FUSHBRTS ihe apol andrERYnagipay SEPREL |1 oh
vel oci tdi@gitarleBsIPX Merdl9 b?W@%f_@kﬁhﬁl@P&rt_airﬂ&ﬁ&ﬁﬁﬁéms andirider fiftkenn0)

hi storical positions are used in the weighted average. This serves to

al | ow tHhepewis (@nd.tin sere easgscvalbaver fiftyagnpaintshoma givien yidephaage. hBhai npoint i s
at high wvel ggity, .Sj t he ' I j ve.. LV greater
vt ght e 8F ol s dplfe SRkUP B RIT ARy BY e 0B RE pBL R e 7.0
used i ngeeend@rdrltiye bi[iGQ6 fdsoMe dceatk ainifdintt be theeliddd idthgaver age is used to
determ ne a predicted position (which my be a predicted position w ndow,

as descihhkad ; IS ' N : :

21) 1) 00897 AHPoab? Y BHHEEHTRCY bt BRHa% B R Rk (e

di st i ngwitlsdut dimitiop tersystems ddssibed blad ehandcangmpeqgirogramEitlgat ny blen a set  of
enbodi nent.s, the. wei ghting for as (that.is,.the fornul.as that determ ne
The.hi SEBFglred (S P BRI RS EHTe inchigite Sich i Ty Bt g meiEed "on
the variafligedsli@PRspRed Fipe4 aWi §dow) may be conputed at run-tinme. In other
enbodi nents, the fornulas nmay be pre- conputed and/or calibrated, based on

system i fi,.c behaviors. [0068] |.t should. be. noted tha il .Qr . ease

of *descDPEf oS nfl Wk, S nDE hadimeit ¥ udfy Ak mboRt pey B ideslifie

i dent i fFigad [IRBtraBsaP &Sl AgnEdinBre 8 bddn® 081 aRR hdiys hdw @@RenfréidMBay be
identified. As shown by the plots 605, 610, the reflected energy (in this example IR energy)

may be measured. At a central point (X}, Y;) the reflected energy (E) is highest, while the
reflected energy decreases with distance from that central point. To find the centroid of the
aimpoint, the region surrounding the aimpoint can be broken into regions (as illustrated by
the exemplary reflection 600), and the reflected energy E; can be determined for each region
on both the X-axis and the Y-axis. To find the centroid of the aimpoint on each respective

axis, the following equations may be used:

X

E
YE
> YE

g

X, = d (Eq. 2)

Y, Z‘iE " (Eq. 3)



enbodi ments of the invention can identify, process and/or track a plurality
of ainpoints. In fact, one advantage of certain enbodinents is the ability
t o i dent iwg/200czabo7aay ai npoi nts sinul taneously. MerelyPproy/usagosotsoexanpl e,
certain enbodi nents can track over fifteen ainpoints (and, in sone cases,
wel | over fifty ainpoints) on a given video inmage. The nunber of ainpoints
t hat cdA0Bd tTla{lSRé]dlllﬁ@ in ihmartefdllmppgccm;e bisedpndbedistlagirp berein, dfat irhwmesy st em
and/ or t abi || res v di SCH | e vide mage. [ 0069]
Addi t i oﬁ‘gh‘ﬁd e‘%}%& g e A P‘ioﬁ‘é"en% il e V‘?gvStoFag‘ 39

(incl Udanmdlrm:ﬂtb qaubvewrnmcatas st hﬁwﬁﬁéﬁftmd&ﬁwmbﬁév@@@@ro@ﬁﬁhﬁ@ﬁﬁiﬂt er
programs that nmy be conflgured to inplenent nethods of the invention,

i ncl udisaaed Qrwomem digital #npgipg dedcetil agsprodecscan ipealacd Hdeassitsam:) Those gs 4
and 5. an

o poi ARARER GBSO ERAR rockde HRPY; TSRALER Hhdacly SRRLERLM QY

refl ectpr@duo@@ﬁer&%@hdmﬁhmm inhehlcleﬂterammﬂomays stightly d&mtal[yl dishlackd, deaon by
t he pl the refl ect (in this ex IeIRener é may

be moadlt BUTRAnE R ogin s %hovﬁbwﬁg% Wﬁk@sh ih%vsra@fewsw @ﬁéqsarg}amo

hi ghGStmm)AGih ffithfon 7®fdnﬁ%ﬁﬁoc%”&6%ergﬁﬁés‘%ﬁf$&§eo%ﬁﬁq Qpﬁfa@é’%ﬁﬁsocmtﬁ@ at
central point. To find the centroid of the ainpoint, the region

s ur r ourrdﬂq:uglon laad henveaiisplaced neririds: dkebodiments pégxeon'semlas, thérefose, taltegtiisby  t he

reflectjon 60 e refl ted en can be determ ned
for eaca:‘ﬁgi’#aecﬁ’i“&ﬂt AR )Vth?B ‘?8";‘2 Y188 BT %@“\P"Hﬁ? g‘Yd gSatf‘}gn“&n??fg roid of
the ai rﬁﬁﬁt])-&htsofbr%ﬁlﬁﬁ}lﬂ% %ﬁbdf@ectl%ﬁﬁersttm afOdppAvl BOthe FURb iRASe. may be used:
Xc = ZX E Eq. ;17 WD 21) 1) 61019974 PCT/ US211115

1112 S48, GO S P A bR ARRED 0 L

pr oducddenmificati@r é bagomtscttough tieause of Gznlaeaha gﬁm%mﬁrﬁﬂashﬁmvaﬁct theich as
those in which the video capture device is @rogre55|ve scan canera or a
fixed dogiticgef apaignntde gifeure ipme. Hegse gewsagiee formulastmprovedhe 35cwsy 8f r eam )

Those [ ff ect ed

i nterl agééng\P? éggtsengglg%&\gmb%&hb éltjtggfeg tﬁéﬁgitﬂ?lh ;lihgéeo alé{enl%g I n which the
ai npoi rformdaséf tgtget motien. tAp;ﬁjnhg thtss formaiad, ainhlpemitmay beadontaelly addantifjedf f ect ,
as Sho% arll3 in(l)e]:c, i1'1:c|119d1ng dUI}{\I@gI E%rr}lp?)pn?\l%sotl%n e):(rtGarirlP {)Xdl gtrsecgg B}o%géeognrea(ljt{y the

enhanced accuracy over prior systems.

[0073] Further, the generated motion formulas can compensate for pipe-line delays inherent
in the capture and computational models. Since the formulas provide an accurate model of a
linear system (cantilever motion of the human arm) they may be extrapolated (e.g., in some
embodiments, out to up to 20 frames) before inaccuracy of track is observed. Additionally the
equations may be rolled to fractional frame positions where user shots were fired providing

and exact aimpoint.

[0074] Hence, various embodiments of the invention provide inventive methods, systems,
and software products that allow for enhanced tracking and/or prediction 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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ai mpoint reflection 700 and how odd and even lines of video return separate
portions of the reflection and hence displaced centroids. Enbodi nents of

t he i nverwoDangs/tibeemef ore, take this displacenent into acTaispeoswzdsg

i dentifying possible ainpoints and |ocating centroids of the ainpoints,

for exanple through corrective filters that are applied to the video inmage.
[0072] meepgndrechaignany, medifodtions and vafationeaterppenble ovithin teisderd offhoved
tracqug &RH{Of identification of ainpoints through the use of, inter

alia, genera Ued fornul as that predict the position of an ainpoint in a
future frane These generated fornulas i nprove the accuracy of _the

ai npoi 0% eftisherdd bs ROt ﬂ&foﬁlpépwmgn%th@d%a@émtéméfﬂrermtepfiiﬂ beroges i nto
f s
accuratge {r%%y?}{cjﬁaﬁu&fl eg&&@tentgg%ﬂ&s é%ﬂﬂ)ld?/ﬂl%}gn g%ﬁuﬂ‘ QUBEHLAS andPb @I Nt s MRy

be accura enti ytinme, inc uri g al npol nt noti on.
Cer t ai nvaewhopioreditrss asfvrgompboentgaseaplopriaen Iamta&d/ actha faegoiay descpiption,

syst ens 007 Fu t he generated notion fornulas cap coppepsate for
pi pe- | i Q& }l‘]’eﬂ ?#PBP%WIOH Yi’g'tOH%m(‘? SiMEregrserisdgn ARAtSH ngg‘ Si nce
the f orgmgliRbeRippMcHitedaRatas GHERAGYIRFEIdIRENS thé MRBRHS 4T HE PekEARLd lheaﬁer
notion of the ﬁuman arm) they may be extrapolated (e.g., in sone

enbodi resderdiffengnt then thpt d@cmed‘ rlaﬁwjd ded be epprecidied that gheofnethcp@alcscrrd)ed

pos (1 o GGy SRRl Mo PR G ey S G aefior o o7

Hence, madmmléxeeﬁf@ﬂ@hmbﬁoﬁsf whith rhaviediise@fo PAuRY h deichimeedilch uea BBiIADS,
systens, and software products that allow for enhanced t r acki ng and/ or

pr edi ctRUSPOSSIOT SREEHARURSAPIOCATSST PIogIc iRt RIASTEAVATIoMITR Hiesnstactiens, to
enbodi 1§o tﬁ'@fﬁ%ﬁﬁ%ﬁs C’?ﬂss% ?Hlu'oﬁﬁﬁ@ I eafta[ﬂlé ﬂl trucgﬁﬁlg %g’be%[oqgf 81111J é&s?ﬁﬂg{eor

syste the I'nvention trac
i ndi catmachied ieadabMemediy, dugh wy?DeROMmmitlear tﬁi&nfdxpnmit(ﬁskej flépps dlsrk‘e:&m i on

Goscr i pROME St EPALINE QR s RE Apical rdbih mECG e

| mpl emaphing o RBideT¥ &bl Hedih Qﬁ%lesi*& Llofiflg bRectbc ﬁ{sﬁmc‘f‘ﬁdds mrf\;[}gb
21) 1)61 9974 PCT/US211115 /112 5118 9 %cognl ze that many fyl czi,tl ons

and vardfaxampls, somee pobedimkrtswil thvi invintion poopde smfftv\takmprogmnmtxﬂ)mh mier5] |t

houl d b d the d b thods and s nded _to be onl
axenp! dRSeTRS RAPUS B OB HOBERL ! APy DU RS AGFCCO RGO 11  subst Ut e

and/ or @mculmmﬁn&ftmmaﬁ@leam&@may989911&511@ o@§oﬁpﬁ%eﬁl gh&s Simlarly,
in the foregoing descrlptlon for the purposes”of illustration, various

met hodsconigured éa exdchiedn variguphardversl devices. ddternatively, the methods may be

performed by a combination of hardware and software.

[0076] Hence, while the description above identifies certain exemplary embodiments for
implementing the invention, those skilled in the art will recognize that many modifications
and variations are possible within the scope of the invention. The invention, therefore, is

defined only by the claims set forth below.
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shoul d be appreciated that in alternative enbodi nents, the nethods may be
performed in an order different than that described. It should al so be
appreci ated that the nethods described above may be perfornmed by hardware
conponents and/or may be enbodi ed in sequences of nachi ne-executabl e

i nstructions, which nmay be used to cause a machi ne, such as a general -

pur pose of, Lad- processor or logic circuits progranmed wth the
instructi\Nﬁg%QB%hJﬂ:]ﬂ9§§the met hods. These machi ne- executabl e i nstructions
may be stored on one or nore nmachine readabl e nedia, such as CD-ROVs or
other type of optical djsks, floppy, diskettes, .ROvs, RAMs, EPROMs, EEPROMs,
magnetic or optical AdBFthed ofnrediefingehe psitiqsyol gn pimpointipa@simdlaiRc hi ne- r eadabl e
medi a sui tLahl@infedt 1R AEhOIcGhGiRideni ¢ instructions. Merely by way of
exanpl e, some enbddi nents of theinvention provide software prograns, which
may be execut edomputenecgyingdiom € vidputaptige systam pehifrdityohgided&amet, hods

descri bed above. In articular e i ment.s, .for exanple, there may be a
plurality of softma?@gggﬁﬁgEgﬁwgpH@%ﬂ¥gEUPgﬁﬂWBﬂH§@HgB85%A“WQWFOUS har dwar e
devi ces. Al ternati vgipoir b&'éﬂﬁéd&%siﬂi&bétéd&veaﬁ@f{,faﬁd egreRtytha paeaiy oat i on of

har dwar e and sof tware. FOO? ] Hence, while the description above identifies
certain exenpl ary eMided{TABat compsises 3 ppTeakBide fame ped pticashoncopast Yifese skil | ed
inthe art will recggnize that many nodifications and variations are
possible within the scope of the invention. The invention, therefore, is
defined only byhetdogmpoteabmmyzsgg edchot the phlroy of GidWHAImESoCefrMaia d S |. A

nmet hod of predicting the position of an_ ainpoint in a simnmulation

envi ronnment, the nePWBQﬁ%%ﬁﬁWW@ﬂﬁ@gmas@Hﬁ%ﬂF@P“FéE%PUW%@V?é%ﬁW@ vi deo
capture system a pl ysaldrs¥%r e athg§iRt dohiBig a c%@ﬁt%@_w‘ﬁ?;%gﬁti@f\ offhg plurality
of video franes conprises at | east one ainpoint projected by a simulated

weapon, and wher ei nainpeinplinthalciitrgnt ofdeo Viade@nfl naleass ooohjstoris@knawour rent vi deo
frame and at | east oneﬁgg%a vi.deo. onput.er al 5ing each of the
t

f .
plurality of video PPIHELOLHeE %fgltp&nﬁfr{fgengﬂe%%?egms ydgg fr%ﬁ Vi “posi tions of

S

the ainpoint, tfeeoRlputedbiddictial apoauen ofBE hiipas i04 fitsheutdbdiRAl villeCOMpri sing a
current known position of the ainpoint in the current video frame and at
| east one hi stori caffamgbydverpyiag & pedicsed RasBiogohHsiampeint Neseeand| east one

past video frane; a@tﬁ)sequent video frame with at least one of the plurality of known

positions of the aimpoint.

2. The method recited in claim 1, 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

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.
3. The method recited in claim 1, 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.
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the conputer predicting a position of the ainpoint in a first subsequent
video frame by averaging a predicted position of the ainpoint in a second
subsequent video frame with at | east one of the plurality of known
positions of the ainpoint. 2. The nethod recited in claiml, wherein the at
| east one historical known position of the ainpoint conprises a plurality

of historical known_positiqgns. of. the i npoi.nt, an erein: if the ainpoint
is noving at a‘rel airF‘?/@F@mﬁirweQ/& g%‘m@,“’q}%ﬁé‘l elWeé&It%avﬁfagﬁidﬁ?%‘fj? %4l  known
posi ti ons sphedeRGatRh WA UimpOAPr | Ses a relatively greater number of

hi stori cal known positions of the ainpoint; and if the ainpoint is noving at

arelatively low velocity, the plurality of historical known positions of

t he ai npoint conprises _a,relatively .snaller.nunber of. histarical known
posi tiohs of tRe ai NBoMRHod S Bt sl bt TS efed ayChaet debstidh oA ¢ he
aver age ofvelobigy o élhigipdeht. posi tion of the ainpoint in the second subsequent
video frame and the at | east one known position of the ainpoint is a

wei ghted average. 20 4. The nethod recited in claim3, wherein the weighted

average dependg on T?ﬂm@ﬁl%ﬁlr ited §Phaifd 5,twm§re?ﬁ l}‘gﬁ’é Wlociél'o\;glfhgaélﬁﬁ?giggg recited

in claim3, wherein e\/\/elgtedliaverage epends on a t he

ai npoi nt . r@ativEhelowet, lodweighted evkrage act@idsiihb at lshe oee knawn pdsetionedfoled t y of t he
ainmpoint is rel alt i.vi‘l/g | ower, .t he wei ghted average accords the at |east one
known positMRANSFIaEYRLY BiSpThBFeht r el ati vel y greater weight. 7. The nethod
recited in claim5, wherein if the velocity of the ainpoint is relatively

| ower, the second subsequent video frame is relatively closer intinme to the
first subsequént vilbemethodmecited fuclgie?.evherdin ifttheeveledimiftye aimpeieisai mpoi nt
isrelativ [ : h t. Vi fr -i l.at kvely
further 1 Koyl B0EE e el PGP RURRE IR KAREL BT il R LEL Y,

predi cti ngubbqueposides framefandwirtdipithg valsti of thedidpoianis relmwehohigrd , t he
system CortTIPer slegcl)nrcligs'ubgaqgén?(\:/? eg (%rra’meal'? gelatively further in time from the first subsequent

video frame.

8. A system for predicting the position of an aimpoint in a simulation
environment, the system comprising:
a processor; and
a computer readable medium in communication with the processor, the computer
readable medium comprising a set of instructions executable by the
computer, the set of instructions comprising,
instructions for 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 simulated weapon, and wherein
the plurality of video frames comprises a current video frame and
at least one past video frame;
instructions for analyzing each of the plurality of video frames to
determine a plurality of known positions of the aimpoint, the
plurality of known positions of the aimpoint comprising a current
known position of the aimpoint in the current video frame and at
least one historical known position of the aimpoint in the at least

one past video frame; and
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a conputer readable nmediumin comrunication with the processor, the conputer
readabl e nedi um conprising a set of instructions executable by the

conputer, the set of instructions conprising, instructions for receiving
froma video capture systema plurality of video franmes, wherein each of
the plurality of video franes conprises at |east one ainpoint projected by

a sinmul ated weapon, . and wherein ..the plur.ali of vi.deo franmes conprises a
current video franeméﬁ'dc“ogf qF PLehictng & Rositipn 9%88"‘?90& ?aidr’ﬁgtsp%(?ﬂ'ileg‘ﬁs f or
anal yzi ng each of the plidad frhite 6 avdral@ns & pRAREJPDsitidRbeH¥aNBp@Enghur al i ty of
known positions of the ainpoint, the plurality of known positions of the

ai npoi nt conprising a cufacend subreaYeRT Vidsesi framenvigh attlpast anggfdheipluralitt ofe curr ent

video frame and at Ieash&qp@i&hggf&g%@w position of the ainpoint in
eo

the at | east one past vi rame; and instructions for predicting a
position of the ainpoint in a first subsequent video frame by averaging a
predi ct ed position t he ai npojnt i.n a second subsequent video frame with
at | east one oib'theﬂw Wéﬂ”?fnﬁ)%d‘m Wi VST B ASCHT ORHRISQFIRHENAWDY 9. The

system r eghlifsh bMthé hidd poird coMPBERTaplirhiRty JF hisRRRAI KABRNPositiORd Sahe known
position of the ainpoint conprises a p?,ur ality of historical known positions
of the aieiprsiinit andawleeredherein: if the ainpoint is nmoving at a relatively

hi gh vel ocity, .t he_pl i . hi i,C 0 sj tions.of t.he ainpoint
conprises a rellf;tp? %’&pé{nggseéa%elgé ér’\tuarrlts%}eaﬁ('%)l %;gr%]ivlsérogﬁn’ctg?p “ﬁaé‘\(ﬁ%g%*%}ét? lfagns of the

ai npoi nt; and if then@impsitivns o thethRant@omprik@laatiavedly gtaawr viembeidfy, the
plurality of historical, known positions of the ainpoint conprises a
rel atively smaller RisiopEr! kspwnpositions fdhe Ampamt384i ti ons of the ai npoint.

10. The Syswmiﬁtﬁ&&i@r%ﬁidt%n%\%%‘a@a rel@'ﬁgél Gy LG CiRY Bl grgf?{ &fm?st&rcﬁfﬁ ct ed

position of the ainpoint in thée secon ubsequent vi rame and the at
| east one known pokndwopositfons héthaianpiintcoimprisesveaic ghvelg smakeragebeddf. The

systemrecited in cL%{Orrr?cgﬂ{nomeprosellﬁgnstOl}iethé/\g}n%gltngd aver age depends on

10.  The system recited in claim 8, 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.

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

an acceleration of the aimpoint.

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

a velocity of the aimpoint.

13, The system recited in claim 12, 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.

14.  The system recited in claim 12, 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
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an acceleration of the ainpoint. 12. The systemrecited in claim 10, wherein
the wei ghted average depends on a velocity of the ainpoint. 13. The system
recited in claim12, wherein if the velocity of the ainpoint is relatively
| ower, the weighted average accords the at | east one known position of the
ai npoint relatively greater weight. 14. The systemrecited in claim12,

wher ei n ifk%h velocity of the ainpoint is relatively |lower, the second
subsequent"! Pgﬁgwfrane is relatively closer in time to the first subsequent
video franme, and wherein if the velocity of the ainpoint is relatively

hi gher, the second subsequent video frame is relatively further in tine
fromthe firstlsubsAgaeparatugzompeisesf rame. 15. An apparatus, conprising: a

conput er readaQ'cS’mgﬁtQJ I%Q@abgéesg&gg% Sgﬁﬁﬁﬁeqféﬁeh Qifh acé%rf‘iP%e‘?[p e @) the

conput er program conprisin Structions executapt e by a conputer,
the set okompumsi progiamosasnpeidingra set efgnsthuogdnsetduddtse byi corep@e thegefdfom a vi deo
capture systema plurality of video frames, wherein each of the plurality
of video fISHHEONESHPPIIYRBE at | east one ai npoint projected by a sinulated

weapon, and wher ei njy-h&ioRk Wr%éeFvYn%)FroMiaqfrad%ofcﬁé’tﬁ‘f‘aess_ygt@ﬁﬁpar ]Slﬁl%ﬁt fSifdoent vi deo

franme and at |east one past video trane; i1nstructrons for analyzing each of
the plurality of video fframes whereirdeck ofiihaglualpy of eide frames kamopusepaisi ti ons

of the ainmpoint, the plyrality. of .known siti.ons of the ai i nt
conprising a current kn ﬁ\%oﬂﬁéﬁqﬂoﬁﬁpf)‘*’e‘? el S_r’rE‘Bﬁ‘rtﬁd "l‘”??p??fé“gpd”_g‘nﬁ@r'ﬁ vi deo
frame and at |east one {NepliRAhlitGak vidBOWAMBOSInfrRBs HburtdhevledpamBlnd N t he at
| east one past video frane; and instructions for predicting a position of

the ainpoint in a first suerseeprast videodesndr ane by averaging a predicted
posiL on, o e ) TRy B ASARR SRR G  SERy AR 1 26 oot
recited in claiml15, whedaemihdeplatalityeaStnoongokitishosfith@himpoint, the

plurality of known positions of the aimpoint comprising a current

known position of the aimpoint in the current video frame and at

least one historical known position of the aimpoint in the at least

one past video frame; and

instructions for 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.

16.  The apparatus recited in claim 15, 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

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.

17.  The apparatus recited in claim 15, wherein the average of the predicted
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known position of the ainpoint conprises a plurality of historical known
positions of the ainpoint, and wherein: if the ainpoint is noving at a
relatively high velocity, the plurality of historical known positions of
the ai npoint conprises a relatively greater nunber of historical known
positions of the ainmpoint; and if the ainpoint is noving at a relatively | ow

velocity, the plyral.ity.of historical kno sitio of , t he aj npoi nt

conpri ses Pl efnRmpdinkn e ekt aean ided e ard Br duse 08 KBS of t ne
ai npoi nt . pdsftionlérahagippoai ikSa weighteedvdragec! ai m 15, wherein the average of the
predicted 23 position of the ainpoint in the second subsequent video frane
and the at | east one known position of the ainpoint is a weighted average.
18. The apparaggs regl i Aln : i i depends
on an acoel or atton ot TR R S MRl Mo BT ERAE T T
wher ei n t he anedgletaonat éreagepdepends on a velocity of the ainpoint. 20. The
apparatus recited in claim19, wherein if the velocity of the ainpoint s
relatively | ower, the weighted average accords the at | east one known

position of theg ai MROAgParab@lraditedGh Ylabi EAMAerdi @ Weightdd avkieIRPaHdat US
recited in claim19, wherein if the velocity of the ainpoint™ is relatively

| ower, thenseeloady eiithe adapomt. vi deo franme is relatively closer in time to the
first subsequent video frane, and wherein if the velocity of the ainpoint is
relatively higher, the second subsequent video frame is relatively further
intinme fromtbe fiTkdappatinsactiedtin viathe 09 fwiefgn if2ke velocity of the aimpoint

is relatively lower, the weighted average accords the at least one known position of the

aimpoint relatively greater weight.

21.  The apparatus recited in claim 19, 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.

24



	Biblio.	(p. 1)
	Desc.	(p. 3)
	Claims	(p. 22)
	Drawings	(p. 29)



