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WD 2005/ 052494 PCT/ US2004/ 023664 1 ELECTRONI C FI REARM
SIGHT, AND METHOD OF OPERATI NG SAME TECHN CAL FI ELD

WOR00FMIER24DNVENTI ON This invention rel ates i n gePEr/ab2000023664

a device which facilitates accurate aimng of a
firearmand, nore particularly, to a firearm sight
mounted on the firearm 5 through which a user
observes a potential target. WO 2005/ 052494

PCT/ US2004/ 023664 2 BACKGROUND COF THE | NVENTI ON Over
the years, various techni ques and devi ces have been
devel oped to help a person accurately aima firearm
such as a rifle or target pistol. One common approach
is 5to nmount on the firearm s barrel. a sight or
scope, through which the person views the intended
target in association with a neticle, often with a
degree of magnification. Although existing firearm

Uhei 1 i nt ended BEERARONGS T IORED haGE ot Biln

sati sfactory in al lypmespest OPERITEXQNPAGE €Xi sting
sights typically are passive optical devices with
mechani cal adjustnments. For exanple, they have fixed

r ':%ﬁ% i I-fﬂ?:?: [ ' 45 adj ustnents,

aﬁgz" or né\gw?r}ﬁ ca Qgﬂjlﬁjﬁ n%ﬁ%ﬁggvary t he

magni f itedtd omwsnzdem frathees Grergdnemwsl these device which
mechani cal adjustnents are,subject to ch e, for
eSEATHIG Lo | FAAMAS STERTRS vPEr afi ot LRSI ARA,  TOTe
Wedlrticularly, to a firearm sight mounted on the firearm,

through which a user observes a potential target.
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A further consideration is that, in existing firearm
20, sights, a user basically observes the relative

womsnsams of the reticle and target whil e ai PETITS1004023664

firearm Wien the target is relatively small, it can

be difficult for the user to assess how precisely he

or she is holding the reticle®n the target. For

exanpl e, one user nmay not be 25, able to hold the

f IBAZRGRQIINT eOmSTIEE eHdYEMTI@Not her user, resulting in

di fferences in accuracy. However, in each case, _the
ainingQﬁ?%r%h%aﬁeﬁéssoYﬁﬁﬂquﬁhg?cﬂFlﬁgesmqqq(ﬁ#ches have
f el tdiBFe USSEd t 0o PREEST Y I Ah% Y v SiIR!
observing the relative positions of the reticle 3
ariialarageta weflanorheargetsipdertatli.on dree tdmtméheapproach is

ahility t accuratel y.place a bullet in a target is a
et TBRDr 0B 2608 0535SATRLF) UB266#1023668 1985 00PE Scope,
meghanidial whaehor shanea-duiar ikast Ofhe Thet JREWENGRget in

factors include bullet ballistics, bullet dispersion
cleasmaiatinn cywitdnd a heraleipke, ofokli¢mnrietith bat wdearee of

t I.ght t he fi bare. .These_5 . :
cﬂ§€§§%§%§§$%%'aréiF§?3§ y%%%ﬁﬁﬁ%ﬂﬂ%ﬁr%%ﬁmiFlﬁ?HﬁNE§ this
pasgiedhl have cbepansgtfelal lyheadebiagent fFast , thBer intended
human factor js not repeatable or predictable, and

t RYERASSSy  dbpeYcue'iso aRSkss basis fertdsfagtory in  all
C te for it. The human factor includes the

abili'ty of a shooter to 10 accurately hold the reticle

of the Fomhéeéxanpaet arsgeitst ir@nseghest [yypidalky are passive

desi.r.abl.e to be able tq.record an, ipage show ng the
SRS poSFYIGRE ofViiile rBEFBREIGAY CEECTSRtS . For
Viegwatblley, i sNeoterfirbdarpeibl ebNwikhe Mdi@inical reticle

adjustments, and/or mechanical adjustments to vary the

% firearm,

magnification or zoom factor. Over time, these
mechanical adjustments are subject to change, for example
due to factors such as vibration, shock and wear.

A further consideration is that, in existing firearm
sights, a user basically observes the relative positions
of the reticle and target while aiming the firearm. When -
the target is rélatively small, it can be difficult for
the user to assess how precisely he or she is holding the
reticle on the target. For example, one user may not be
able to hold the firearm quite as steady as another user,
resulting in‘differences in accuracy. However, in each
case, the aiming errors can be gso small that it is
difficult for either user to perceive these errors by
simply observing the relative positions of the reticle
and target.

Yet another comnsideration is that the ability to

accurately place a bullet in a target is a function of
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the shooter pulled the trigger, and before the firearm
15 experiences the recoil caused by conbustion of the

w@oooposdes or ot her propellant within the cartPCTUS2004/023664

This can help the user to assess the extent to which

it was the human factor rather than nechanica

factors which contributed to shooting error. 20

Some pre-existing sights have included the capability

tBof RCORd AR MiRIe ShW s tﬂﬁdrebldhmmani faciget, The
but do so in response to detection of th igﬁ% bullet
reechiniorlacéastiossshddle prdriucedl %?tthga fdCFon Pulle

Sﬂbﬁégfégﬁag :;}iarll‘éj 88 £641 i on of t% e S e8sQd Of alignment

arily occurs after e point in tinme at

Whkellethe dHmgesofhint eredt wiel d Hiseektw béore. These
recorded, Consequently, these re e ﬁ&lng deyi ces ‘s thus
waﬁrbGﬁﬁﬁﬁsﬁlCﬁun%Eﬁ £L9%dges! eP@?EG ro e -

d 0 byr-eshiht i Nth aBoR@rhEE! the human
§Eggﬁb9 %Qmwﬁﬁ%ﬁgétherSO trigger ma% probably .

pﬂlabedr aml tdenregeatebjeant spvedighabde, t ped thus it is

buf fered_i mages whi ch COrrLesp nds to tha ed

pEAAEFHIET 1 B oEUaF of gt ot e pPuBpeaeeor it
fl?/ 052494 RGTAUS20044 023664 tHe suphlasyvast ats O@hocﬂter to

et caliber, this attenpt _to redict the tine
V\Aacchrahellyrllgrgbcﬂ wae puetedles of nkBeentight wﬂnec?sé:arget

and _often ults_in the Ofi o ARl MAGE WRILhr-bSord an
nbPRFEAE @ﬁﬁgkly bséful B %gghggelt(% ngreséﬁts Ahaas
meabel%Hdﬁ&hgoehéamémﬂhnvecmoSbblbas odf tere t meticle and
actual trigger pull. Mreover, the nee ffer

| sRgEShUNBEr VoreWarhfys %%e%h??tﬂ’éce%a?yp?&n%de‘a’i Fapng when
acpel aliySlyy | L8 AU QfriRyEY )Y AAd MeFore the firearm

experiences the . recoil caused by combustion of the
gunpowder or other propellant within the caftridge. This
can help the user to assess the extent to which it was
the human factor rather than mechanical factors which
contributed to a shooting error.

Somé pre-existing sights have -~ included the
capability to record an image showing the reticle and
target, but do so in response to detection of the large
recoil - or acoustic shock produced by the combustion
within tﬁe cartridge. Detection of this recoil or shock
necessarily occurs after the point in time at which the
image of interest would need to be recorded.
Consequently, these pre-existing devices must buffer a
number of images, respond to the detection of combustion
by estimating an earlier point in time at which- the
trigger was probably pulled, and then identify and save
one of the buffered images which corresponds to that

estimated point in time. Due to a variety of factors
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function, which is undesirable. 10 Still another
consideration is the need to align the reticle to the

W oo0s/05f494 he firearmon which the sight is noOREIL/ES2004023664

traditional approach is take the firearmto a target

range, fire a nunber of bulletsgat 'a target, observe

the error in the resulting bullet pattern, 15

mechani cal | y adj ust the w ndage (azinuth) and

el @VS& ofS (FREEH)ier tie Pé‘tlgﬁte, cpilibex nukbés orttempt to
addi-Li I |1 at,, a arget , e th -
er?g%aggethgﬂgreg% ?iﬁgzbmﬁﬁg%IpE?%%rﬁggﬁg%%e %3% pulled is
t aigberenediyaningatldai seadj aisd  ofieewi ndagd tandi el enat saving of
of _the , reticle again, 20. and so,on, This process is _
vely t1HRI%0 ithg 18an#°Fs PaFEicpipalyvepgetul because it

expepskuentdues t 9 dihg Cogt Ofnd argel Sfarbgiéféxse or, too far

transportation to the target range, fees for use of

t ftargdthe apgepadndtspgder t PuldD 200052494, the need to
P 2004/ 023664 5 .SUMMARY OF THE | NVENTI ON Fr om
q)rl/lgg?légoﬁ ngarSF YR aSdr et PAPEE TRt lheddFFRESATY to

ardeenchoe aafidaarumadight 1whiceh aweigs sgee rﬁ’émoﬁ%l to this
of _the disadvantages associ ated with pre-existing
si giRstione Whiahot st Hedpadeabilén i nvol ves an

apparatgs;qih ' u £ rm si whi ch-has: a.
Vi ewi ng éé%%t?%ﬁtgﬁgtgggf% %?%?%iﬁﬂl%ﬂg%ﬁé%?% ?ﬁaaglgn'the
ofretiatgeto itheadson abf orhai Ehraatet icel ehialsefise Ngight is
section for deteg}i physi cal novenent of the

fiPTER TS gh WP i 1omAd GRRTRSCRY 6 | e Bhei firgarm to a

pithsy&t KiRthde Cardinidlog, nafdedn bFRGLMG SEStIAN o target
responsive to detection by the sensing section of the !
pﬁ&ﬁ@%yennbbﬁenprrgr saw nghen resulting bqllet pattern,

mechanically adjust the windage (azimuth) and elevation
(pitch) of the reticle, fire a nﬁmber of additional .
bullets at' a new target, observe the error in the
resulting bullet pattern in the new target, mechanically
adjust the windage and elevation of the reticle again,
and so on. This process is very time consuming, aﬁd is
also relatively expensive, due to the cost 6f targets,
bullets, transportation to the target range, fees for use

of the target range, and so forth.
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i mage of the target and the reticle froma point in
time just prior to detection of the physical

woesiosaps 15 A different form of the i nventi oPCT/US2004/023664

i nvol ves an apparatus which includes a view ng

section that permits a user tg view an image of a

scene in association with a digital reticle, the

viewi ng section including a reticle adjustnent

pOBTVIMAR WhOEhTHEC LNVENT'EONdi gi t al adj ust ment 20 of

t he posi':,ti ontg_ff t%e reticle re#ative %}o t he image. - Yet

anot her “F3FmOte t hETEREMF ont F nVEHX e ©Can?PRPPEFAERE that a

Whh&dd | Agbudes sershEg hHavh PeagmVis@Whitg iRt Oé‘voﬁg‘g some or
having a port through which a digital reticle can be

i kbduwded tdieecGignidyarigadat o askeoiiadwichgwiddt | pme-existing
fr ext er nal of _the, sight Vi.ew section
peér)ﬂ[%%% hg g)n% ués%ﬁmt%]%vfe“lél\?v gﬁwie%ggmoflrév% £Hfe 7hy apparatus
asseet atifl widéd aa df ghéalmresighe resecrednhbrough viewing
the port. Still another formof the invention involves
arfegibiRl st B3t hRETFAG L8 fa redim &P ghiewi R dmagsvef a target
S [ i Lnchudes: . Lage de tor__capabl. e
o%r%&ggﬁﬁgﬁﬂqb@%@e %f léllé&gllét:a “i n%gtesgé%o nagct %F&lé:tl;on for .
a dbisptayngna phiyeh celle movesiany: seft the [@iasenis shght which
sequence_of V\D.ZtQ'OSI 052494 PCT/ US2004/ 023664 6 _

di ( ShSFREEEEISERE Mispfaf iBaPHg RARL| BEE R4S B epartridge;

thdhaﬁimhégiﬁ%mégééﬁbﬂmE%@ bf1sli®es tBalétection by the
resolution of . the image detector; and a digital zoom
paangmahpertéan «f githsl IBhhberye awvefesst i fersiseering an

Ofi it O LAL LORGRS DAL eSeDief og Lhe JISHLAY- 31 ¢ine

or m of i"nVent i on i hvor ves an-appary

whivcdt ipicilafless detveem diy SEcthonphpai cper fibvk-emenyser
to A different form -of the invention .involves an
apparatus which includes a viewing section that permits a
user to view an image of a scene in association with a
digital reticle, the Viewing section including a reticle
adjustment portion which facilitates digital adjustment
of the position of the reticle relative to the image.

Yet another form of the invention involves an
apparatus which includes a sight having a viewing section
and having a port through which a digital reticle can be
introduced electronically into the viewing section from
externally of the sight, the viewing section permitting a°
user to view an image of a scene in association with a
digital reticle received through the port.

Still another form of the invention involves an
apparatus having a firearm sight with a viewing section
which includes: an image detector capable of producing a
sequence of digitél images of a target; a display on

which the viewing section presents the sequence of
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.view an image of a scene in association with a
reticle; a sensing portion for detecting novenent of

W b@sesRan ng 10 section with. a conmponent apprP&I/Ds1004/§23664

transverse to a |ine extending fromthe scene-to the
view ng section; and a furtheré section for providing
the user with information based" on the novenent of

DR TOARE} PRACLIELES. D el SR PO s ana

ano er "formo nven

appariaigisahadsig it for eahics gl Dobeh dinl udestedblution of
VI ew ng section confi gured to permt a user to view an
rﬁig% wa%esé@ﬁecriﬁrasﬁtda@@hw?% gogMginartion which can

d it
faC| |tat§/s %ﬁgl al a%ojéé%'fél}g{k%eﬁgﬁ?g?ﬁ\ghgg% (Figitg! images

t s etesdrecedl @t ivlee tdispeayli mage, the reticle
responsive to, radiation

adj ust ment. _portion bein
recei vé Py iex hto?‘i“r edr %l'éﬁ ghRVGRF LR dnvolves an apparatus
reRIRILM A1 V& Of 8 RATLIR e dd regam g&ﬁuft%f a user to

automatically adjusting the position of the reticle
25igfvf gt daregd i ghnenecefiet ha eetsiccli@tiion etidth om r@tlcle; a

W LA JELSOBLEAED SRR Lo

URRItSican divighofa t Bempoeseitt apyeskigacvill tRenhsverse to a
realized fromthe detail ed description which foll ows,

t AR TR I E B WFRe SRENECEOMBASY MHEYma et ion; and
appaf?.laft'f%lse@vﬁ]é:é%& fok-S Pglo?gﬁﬂé??:t%%;%stht{}g Alrormation
erhiaméicbsarasmetmovémenth&ﬂortﬂwnhe\myﬁgt Beation detected by

the sensing portion.

Sfill another - form of the invention involves an
apparatus having a firearm sight which includes: a
viewing section configured to permit a user to view an
image of a scene in association with a digital reticle; a
reticle adjustment portion which facilitates digital
adjustment of the position of the reticle relative to the
image, the reticle adjustment portion being responsive to
radiation received by. the firearm sight which is
representative of a position of a firearm ‘bore for
automatically adjusting the position of the reticle to
effect an 'alignment of the reticle in relation to the

firearm bore.
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FIGURE 2 is a diagrammatic view of a display which 10
is a conponent of the rifle sight of FIGURE 1, as seen

whosok9eye of a person using the sight; Fl GUREL/BS1084/623664

di agrammatic view of a swtch panel which is a
conmponent of the sight of FIGURE 1, and which has a
plurality of manual |y operable swtches; -15 FI GURE 4

is a_diagrammtic fr nentary side view show ng the
r BRIES| R TR F%ﬁ%ﬁéﬂn&sthe barrel of a

rifle, and show nghd-HoLesi 9§t oal Lapmprksden Ghvention will
tenporarily installed in an duter end of the barrel;

atee Ffe@IREE] | Sramdiagr aiﬁtmﬂEdu éesofiphiomagdiich follows,
captured, 20 by an |mag elﬂe% or of thearifle s&ir%ht. :
GRS 2in bEPESPORE AT GRHERt COer T UM 178 2 v duings, in
@}nghe super | rrposed on the imge. WO 2005/ 052494

PCT/ US2004/ 023664 8 DETAILED DESCRIPTION FIGURE 1 is

a bl ocFIEUEGT ain stowengbhackppliragam whicwHnis an apparatus

di gi. fle sigh J
P AR RGP T g B oo of

nti on H'the st gh

semet ipressoref emveshdioherein as a "rifle" sight, it
can actually be used not only with rifles,_ but also
with &ﬂ%ﬁ% yhesSof A RBFFHEMAGLE h Vigy (S g@t display which

Piigt o & encﬁs'cgf]t dﬂé) i’ffié!d&s.gﬁtreﬁfl FBUR ;&h:hz as seen by

whi ch can il y an securely mount the sight 10 on
thnélebayreelofofa pefrisogaruainkd am@ &@m 10 i ncl udes an
obj ective _lens_section.16 of

di scl o$e§ oti rént? iiﬁ'élglrgﬁlglatégctYJo ‘ngfha‘g gwflltéjlhd panel
ofyriicev {F Q@) ¢ dpémell%lt ot teuld grad tef natGuRky 1havghd which

some other field of view. The Iens
has a plurality of manually operable switches;

FIGURE 4 1is a diagrammatic fragmentary side view
showing.the rifle sight of FIGURE 1 mounted on the barrel
of a rifle, and showing a boresight alignment device
temporarily installed in an outer end of the barrel; and

FIGURE 5 is a diégrammatic view of an image captured
by an image detector of the rifle sight during a

boresight alignment operation, with a reticle

superimposed on the image.
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section 16 optically inmges a renpte scene or target
17 15 onto an i nage detector 18. In the'disclosed

werodsaent, the image detector 18 is a char geCUSRb€ 23664

device array (CCD array) of a known type, which has

1, 920, 000 detector elenents fhat each correspond to a
respective pixel in each image produced by the inmge
gﬁ&ﬁ%%ﬂb p@scardpMnch 20 are arranged as an array of

1600 detector elenents by 1200 detector elenents:
HowevEIGUREe 1nmdge detleteook Idlagbrnd SAGvEitiht el gPpRratus

i mpl emented with, any other sui | e device, j udj ;
$TRER i havi S e hr get . Sl S0 RS e Cbiodies
%%B%%tt%r & et sregend tiypermfistevi cr12hooghertihamight 10

array, such as a Conplenentary Metal Oxide , _
Seri sowluotes  reVEsredhage SOFRIT The d nagelfdsl etight, 1t
18 pr.oduc a .sequenge_of di g L0 Laag f ;
5@&1@‘:%7‘,"’& d X %sgeq&g)ﬁ:cgdrgjf}; iza‘]”mlaté@smf%%leggpgﬁtgda%%@ with
dtPle@Cesgpdy TICt EORedimsAl tdavhh dhet8fgetmgeistols. The
detector 18 of the disclaosed enbodi nent .produces

A5t ikfagercludes| Aaged Lol tor niPivh) sk fixedly and

[ i”g%g i H2CKo 394 ¥hEtBatk-pBYCSE EheiVWearm.
%%%%ﬁ%%%ggf ?%Ei%%%¥%23664 9 proc%ssing sectign gfm
i ncl ude® aspylocedsorirRA wien kmowb]agipeve ahgng rAemiryon 16
23. The nmenory 23. ip FIGURE. 1 is a .diagr I,.C
o S ERPUE] GNEGH t heP oot LT OUTaRd FOPOOUARnt, the lens
RIRGESH0M @hasiNd FRY 1N UdE] er erdpNo@NG °tyutof i could
menory. For exanple, the nenpory 23 may include a re%%? lens

elbenmatorie 0ROV @hissine ofEBeRs & gPaAme&tut ed
the.processor, 22, .35 wWel |, ass dat a-difale dosnlobChangetr 17
éhrlng,prograﬁ1execu¥ion.S%%e menory 23 can al so

igiddiden image detector 18. In the disclosed embodiment,
the image detector 18 is a charge coupled device array
(CCD array) of a known type, which has 1,920,000 detector
elements that each ¢Orrespond to a respective pixel in
each image produced by the image detector 18, and which
are arranged as an array of 1600 detector elements by
1200 detector elements. However, the image detector 18
could alternatively Dbe implemented with any other
suitable device, including a device having a larger or.
smaller number of detector elements, or a type of device
other than a CCD array, such as a Complementary Metal
Oxide Semiconductor (CMOS) image sensor.

The imagé detector 18 produces a sequence of digital
color images of the scene 17, and this sequence of images
is supplied to a processing section 21. Although the
image detector 18 of the disclosed embodiment produces
color images, the images could alternatively |Dbe

monochrome images, or black and white images. The
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sonme random access nenory (RAM), in which the
processor 10 22 can store data that changes

walywansaad |y during program execution. The neP@I/YSD84/023664

can al so include sonme sem conductor nenory of the

type commonly known as "flash's RAM which is random

access nenory that will nmaintain information stored

in it through a power loss. 15 Menory of this type is

c DESIESE Nk dSe Rt HeWi 8ds 1Fddes FeRbPyeedPrys 4orof a known

digital ¢ ra pL, Qcess) L.gNn A1 r ~ ;
e ST haientl, BE85CSCHY RERCEON S I iBlRE 1 ie a
C @ialrantiat 1@k represdnemge qgeneifat ede byndnery mpgeovided for
detector 18, and 20 reformatting._the inage to a. |ower :
r 636 IRFRPCHRPEN2Ps A tEBY e 1 ”Eiree ?’F?%t]:g‘ﬁnor?rée. type of

di thatz has o hover uigsahuhbep bhangde il a
dgfeﬂ(;co%' 18%0:1?meges roéess%g by ?ﬁe. r ef O}Frréthggfgﬁz%a rea
aroa ISt ppenedyt ol ROM) sphayhdreéortains r eui prédramhiesteduted by
turn drives a colqor display.32. | 5 the disclosed
eﬁﬁ’@di%‘ﬂ??sﬁﬂ‘é @%I'oraﬁi §’§I¥L&y ?%Zgﬁgaa tqﬁ%u g€ Jiq%) change
digilialy ([{Lddroh exkoamiohyperhanchehrsy 260 S0 Ri¥el include
el enent’s "arranged as an array of 320 elenents by 240

elsement sandbw. dicssisgy BImeryll d RANOwe et , Whighe tde processor

I er_or_smaller. nu [ Nt.S,.0r .

o <P L LIRS, LY G fladins prosran
sslecutsich | | qui dher yshexhotly spkay (d4D) , adnoor gamdlude  some
light emtting diode (CLED) display, a liquid crystal

orF ee CRIBBI B2 9 MPETFVIS206 4/ §58664YPED é?crqﬁ'“&fbmli(Ldéﬁ?Wﬂ as

dinsfl by Ola, M GROE! CELT CedIREARNILAle oY HERBAMMELL Wil
refl'ective display. The sight 10 includes eyepi éce :
optaigg 86 oinfiokmahon stored in it through a power loss.
Memory of this type is commonly used in devices such as
memory cards for digital cameras. ‘

The processing section 21 further includes a
reformatter 26 of 'a known type, which is capable of
taking an image generated by the image detector 18, and
reformatting the image to a. lower resolution which is
suitable for presentation on a.display that has a lower
resolution than the image detector 18. Images pfocessed
by the reformatter 26 are silpplied to a display driver
circuit 31, which in turn drives a color display 32. In
the disclosed embodiment, the color display 32 is a
liquid crystal display (LCD) of a known type, and has
76,800 pixel elements arranged as an array of 320
eleménts by 240 elements. The.display 32 could, however,
have a larger or smaller number of pixel elements, or
could be any other suitable type of display device, such
as a 1liquid crystal display (LCD), an organic light
emitting diode_ (OLED) display, a 1liquid 'crystal on
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type, which permt the display 32 to be confortably 5
viewed by an eye 37 of a person using the sight 10 in

was®soszabi on with a firearm |In the di scl osed PCT/US2004/023664

enbodi ment, the eyepi ece optics 36 have an FOV of 15,
but could alternatively have i$one other suitable FOV
In addition, the eyepiece optics 36 of the disclosed

|nent o aII be o ed f.or

IR S 10aptnal g be ol Latcyen poonani cal
t@?s@b&pleM§3\MéﬂlétﬂavﬁMdMBpxhﬁtance greater than
about 8 inches, thereby_enabling confortable view ng
with | The sight ak@okRBdEEREn SYeRdase TR Fghe61@f 2 known
[ des cC t 41 h ou
captea PELeRC Brehats; Eheloai MBLED 197, i e O biortanly
divd elvesie bemaadiaEnt 37t el azceleasanetesidd ithea deyhte 10 in

whi ch can .be obtai ned_comercially as. part nunper ‘
ABREDES A smWiHdl Gy BERFREE: | AE. thE ﬂaﬁé@@ed embodiment,

Maggac {LSe éltloé‘gh6t r’ﬁa@ésgrps?gver@f’d'l@em gbut could

i npl enment’s the 20 accel eroneter 41 wth the An
De&meesaADXEEMShnMﬂ(ﬁpmet¢EhemcehetehéeeFOH1 c@nchddltlon,

eg%atelﬁl}gel%ec tl-eg:% ?gnt%?_q}éet 1scf¥sgéhee¥nbsé 1tm%?'1t could
”bﬁ)ﬁ:@b?ﬂaqqtyl’ opRECBANteall systemnbpEMRtdeMbcewhabH allow a
serves as a highly sensitive sensor that can detect

t RETESTY et at (Al tEinl VisKodiavadd spdave P ahei tthea viewing
s[ll_g P;' n ?f‘%%{:gg thatff Lf)bgge éN' tl%'c@le% f'w\%ﬁ ﬁn enabling
S O e

i'S nounfe coursé
fbbmﬁ@rpablﬁnmﬂew1ngIwauhnﬂuuukgaeyé decggerdation needed.
combust i on of .the r or_othe ropel | ant
oL i T O e GRS (67 oA HOF L8 P00CEER &t ophich has

ObReTou, @C&%T?J.éaor&'bt heheLaptbtdg8iagd seldtiRA M1 WO In the
2005/ 052494 P US2004/ 023664
disclosed embodiment, - the accelerometer 41 is a device
which can be obtained commercially as part number ADXL105
from Analog Devices, Inc. of Norwood, Massachusetts.
Although the disclosed embodiment implements the
accelerometer 41 with the Analog Devices ADXL105 device,
the accelerometer 41 could alternatively be inplemented
with any other suitable device. The accelerometer 41 is
a micro-electro-mechanical system (MEMS) device, and
serves as a highly sensitive sensor that can detect the
relatively small shock wave caused when the firing.pin
strikes a cartridge within a firearm on which the sight
10 is umuntea. Of course, when the firing pin strikes
the cartridge, it triggers combustion of the gunpowder or
other propellant within the cartridge, so as to expel a
bullet or other projectile from the cartridge and

firearm.
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11 Whaen the firing pin strikes a cartridge, the output
signal fromthe accel eroneter 41 has a frequency

wap®sosum which is different fromthe frequenegr/us2004/023664

spectrum produced in response to conbustion of the

material within the 5 cartridgg,; Consequently, the
processi ng section 21 can distinguish a shock wave
representative of the firing pin striking a cartridge
from a Yheek thevef ¥eresphni s§ribes didrrtrjygeeof the output

ever u s .gomhusti-on w t.hi artridge. For.
exg%fl%,i ? %8 ﬁ"p rtglce g%t scf‘%]egl i':‘sre(%:r?(?toenJl 2?1 c%ﬁ? dalgggmcé{ spectrum
f aghi€hurierdi E@BgEAE MK ) the thent ObetBPum produced
accel eroneter 41, filter out freguency conponent s

B

whiBh TeFROREEs| kR & ndtbe apprexiaht efitlsin the

K : KHz, ok .f .in the .
HEateriloltt candephenci 90k S BeBULE IS icien 21 can
wi dhstinpeishr tr isthigekpnedic esemr shatiat My €oOr theC@iking pin
which,js several orders of magnitude |arger than the

sh

BkIGAVE Br cRIEd dfent PR fi ARG DITRVSt FERESSEREING some
o | h . . l. .
Ca&ﬁﬁéggetggge xcel srOomet er o4 has tQQNM§%9§%%5¥h%¥Fh1n, a

and bandwi dith needed to detect the relatively
shozkt nadge whi dlod sexprmplueedtbeprokessiinongettnion 21 could

SLUBED 18R brudde, b, Aloo an e bl Libue o one

r eg@dd 1 abbadtets 4ar,0dacede By dute ﬁﬁé@ih@ﬁcyo%éﬁms which

wthin the cartridge. 25 The sight 10 also includes a

gy cOpESade vihi ERCAHSNCAN RARPuPLcARPReKiTataky 5 KHz to

P25 ER 10558C R, Bhofn ol bul e ELELAES L0 Speteen

gyF KHB ardi hpl BAented with a MEMS

The combustion within the cartridge produces é shock
wave of recoil which is several( orders of magnitude
larger than the shock wave produced when the firing pin
strikes the cartridge. The accelerometer 41 has the
sensitivity and bandwidth needed to detect the relatively
small shock wave which is produced when the firing pin
strikes the cartridge, and also has the durability needed
to withstand the much larger shock wave or recoil which
is produced by the ensuing combustion within the
cartridge. . |
The sight 10 also includes a gyroscope 43, which has

an output coupled to the processing section 21, and which
is referred to here as a rate gyro. In the disclosed
embodiment, the rate gyro 43 is implemented with a MEMS
device which i1is available commercially as part number

ADXRS150 from Analog Devices, Inc. Although the
disclosed embodiment uses the Analog Devices ADXRS150
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device which is available comercially as part nunber
- 30 ADXRS150 from Anal og Devi ces, Inc. Although the

waelr@shsmed enbodi ment uses the Anal og Devi ces POXBSD50023664

WD 2005/ 052494 PCT/ US2004/ 023664 12 device, it would
alternatively be possible to iiwplenent the rate gyro
43 with any other suitable device. The rate gyro 43 is

capabl e of, detecti.ng angul ar, vepent of the sight, 1Q -
aQSUtlcglnoitt-iY"PHgfir aﬂ]etoe‘{/ré"i“ijr‘éegy ggaﬁ?%ﬁ’ % itg lmpolement
spagedateomthe 43ats Wy T At W Su i Tt S gYES. 43

is a highly sensitive device which is effectively
capabl hef detectyyrp méventat wbatie sphtdabecting angular

directions t sverse to not-jilLu at, center line. .
ot Feg; e W s ebf BR0uE. 2180 R LB s d it icar
I agligdemicH emBY YL MBrymcand Hrowhgpho WEN Thus, the
present in the sight 10, is operatively coupled to _
t ke ter o8EES| nf3set®i on Mighly t menfidclwedevice which is
e [ ; y. 46, | card,of t
SBECsTENEy, WauRHTY Yo Meh A Loty AnPERENE TR 2 KlBne 10
waul dike calitbereanatraredwe e possa bhett bllisetanyedt hemter line

suitable _device faqr the renovable nenory card 46. The
sPéhtheooPiechdds 4ottt Mhich, in the

di scl oggd :ﬂ@ﬁg& MeRt a1y & AePhacsah! & M5 Ye Olefory card

known typ wever, the battery 51 could

. akbemiditdhiel yhbe ¥semthangddlsd esbahterp, The sipgnatively

10 al so.includes an _external wer_ cgnnect.or - .
wﬁPBﬁiSQntﬁb %%%ppggcggs&ﬁg é%%%?ﬁgf ggUrcéﬂﬁféégmé33301°sed
SHEBoASMAne QNS EmeBirgh caaanvest 3 sald emaabiyd card of the
current (AC) to direct current. (DC). A switch panel 56
h&ypg prirenilyy Wweduaiigital cameras. However, it would

alternatively be possible to wuse any other suitable
device for the removable memory card 46. ' '

The sight 10 includes a battery 51 which, in the
disclosed embodiment, is a replaceable battery of a known
type. However, the battery 51 could alternatively be a
rechargeable battery. The sight 10 also includes an
external power connector 52, which can be coupled to an
external source of power, such as a converter which
converts alternating current (AC) to direct current (DC).

‘A switch panel 56 has a plurality of manually
operable switches, including a power switch 57, and
including several ‘other switches 58-65 which are each
coupled_ to the processing section 21 and which are
discussed in more detail later. The battery 51 and the
external power connector 52 are each coupled to inputs of
the power switch 57. When the power switch 57 is
respectively actuated and deactuated, it respectively

permits and interrupts a flow of current from the battery
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25 operable swtches, including a power switch .57,
and including several 'other switches 58-65 which are

we2wh/05meupl ed to the processing section 21 anPCTHIE2004/023664

are discussed in nore detail later. The battery 51
and the external power connedt3or 52 are each coupl ed
to inputs of 30 the power switch 57. When the power

Syl AT oS chesheshiyely. agiated aadodegetuaned. oy o

permts and Tnterrupts a f clrren

f asddedat feeyinO 20@5/ 052494 PCO/, US2((i 0¥B664H Idequires
51 and/or the connector 52 to circuitry 71 which is
diedgeded dalt PR helsi glAeRD, LANAPREPER  r eqlitfesircuitry 71

el.ectr] i r pefat e nEhe £ Lt 7 ;
A e B oP ol T S eRerRe SRl grocion
5231, the ditgdly ddnierer3131t hetlool aoldirspbagpl2y t B2, the

accel eroneter 41, the rate ro 43, and_the mepor
c&CFeAeTomRE g gt 110 RS0 T uded 3nne€ﬂ5{mg¥‘e memory
WRi-Gly i4% . coupled to the processing section 21. The
connector 81 10 can can be used to upload i mage data

or vi détredasiglit obPt hd =5 ginclwdes a wennddtest réleghich is
computer, .as dji scussed l.ater. |n. addition,...fthe

CORBIES G R RERRer B st mi Al ek o ALY srpector 81
I glairClard riegn tihedcemuigtod® ifiggesidghtt’ o, vadedl $ata from
di scussed later. In the disclosed 15 enbodi nent, the

plpsi celighiont? gbiPadi GPtofl I INStTARRE L SPTPBEST as Afe|iscussed
t'i%ft%&qt °C°ﬂanEigEEi‘Bﬁf,ef{ﬁé‘g Fgﬁﬂ%ra&u 0g1 tég@ug% iLsed to

conformto an 1 ndustry standa ich is conmmbn
k downlasid hen UaleetsahiBemetliBies fUSB) thet armspdter to the

H%@%%%r’le %ﬁylgl%%teéggéhgggé pﬁng§§§iblfntothe disclosed
embodiment, the physical configuration of the connector
81, as well the protocol for transferring information
through it, conform to an industry standard which is
commonly known as the Universal Serial Bus (USB)
standard. However, it would alternatively be possible to
use any other suitable type of connector and
communication protocol, such as a standard serial
connector and communication protocol, or a ‘standard
parallel connector and communication protocol.

The sight 10 also includes a further connector 82,
through which wvideo information can be transferred from
the sight 10 to an external device, in a manner
conforming tb an industry video standard which is
commonly known as the National Television Standards
Committee / Phase Alternating Line (NTSC/PAL) standard.
In the disclosed embodiment, the connector 82 is a
standard component of the type commonly known as an RCA

jack. However, it could alternatively be any other
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20 use any other suitable type of connector and
comruni cation protocol, such as a standard seria

W@ owses4es and conmmuni cation protocol, or a ' sPeErus20d4/023664

paral I el connector and communi cation protocol. The

sight 10 also includes a furthé# connector 82, 25

t hrough whi ch video informati on can be transferred

fr si 10 40 al i G&pp . n
S
C ormaninds fe knewn tAsrduyh Nati enadod@dimyi siconasy anddf«ds suitable
Commttee. / Phase Alternating Line (NTSC PAL)

stRIFEPTECL 80 In the disclosed enbodi ment, the

connectPfe8REi 8 & s Siandand-caERA! ‘ o '
comonl 'y ﬁnoﬁn as an RCA bjgc%gQHgﬁgbgﬁ? ?? é%%fgilsplay 32,

- alaser seenveby bbeargyet Bér ofiD 20@E 13631 9400king through the

PCT/ US2004/ 023664 4 ' ble t t or, d
TR o B EE be ® ¢ r et BhP e et HRbUGROT - aokbr dRngPoTmal

t @Eea el es] SHbtabl e hedr@i 9604y BbOMRE et 82 view of the
diagrammatic view of the display 32, 5 as seen by the
eVCHR oft 7a gt sEAPEBBRANGY hibaghinage d¢eprees 18 through

optyl €S .t he sl ght ln a, por operational .

modts PRAGraray o7 preckarl 287 cw re ARt R 47 shown
aslicaptanmedk byalhe imugeokiehetinesldnt Arguglk 2t he

obj ective lens section 16. The scene 17 is shown 10

di agr amit | BRPFGSERNEr 686 1o hes! | AUpPBURROses TR the image

Prxcesniengs S8t i O 21 superd1poses gyt he i'ﬂwg%geofdisclosed
the scene 17 a reticle 101-105. In the disclose
erghadidnarent t héheettet tcl eiclivddsidesnal |swexlt eceaites ecircle

1q.101 ,angn]:im'godli nfin%QZ-l]OQZS_l\IHE Curh?_%%h eeé(cgl'?n%xrt%%idal %Xdially
with respect to the circle 101, and which are offset by
intervals of 90°. The reticle 101-105 is a digital
image, which is downloaded into the sight 10 through the
USB connector 81, and which is stored by the processing
section 21 in a non-volatile portion of the memory 23.
The reticle can have almost any configuration desired by
a user. In particular, a reticle with wvirtually any
desired configuration can.be created by the user in a
separate computer, or obtained by the user from the sight
manufacturer or a third party through a network such as
the .Internet, and then downloaded electronically in
digital form through the connector 81 into thé memory 23
of the processing section él.

‘The processing section 21 takes the reticle which is
currentiy stored in the wmemory 23, and digitally
superimposes the reticle on images that will be seﬁt to
the display 32. In FIGURE 2, the reticle 101-105 has

been superimposed on the image in a manner so that it is
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15 with respect to the circle 101, and which are
offset by intervals of 90. The reticle 101-105 is a

waelr@snsd494 | mage, which is downl oaded i nto the BCTO$2000023664

t hrough the USB connector 81, and which is stored by

the processing section 21 inlbnon-volatile portion

of the nenory 23. 20 The reticle can have al nost any

confl i on desired user n artl ular
%gt?PvFg?ugﬁﬁygéﬁy%ZdeS|?%deg ﬁfl |Qﬁ¥§§ﬁ? where

beh@r e%@qczmé t BgpHSE 1 on achéeﬁﬁfﬂil%yaomuteéndorthus the
obt ai ned by the user fromthe sag manuf acturer or a
t@pﬁdtpm yofthr vlagh tetiethfor Fed@dh vas 98 tiHee | Amsdfet ©f the

ans eﬁqhe“][ﬂowegsagsd 85 %ttream 14 Vb fAp e di g@&%glf fi ¥ Bescribed

oug 'e connect or into the nenory
pre¢essi ng section 21. The processing section 21'takes
the reticle which is currently stored in the neno

23 and 1 dp]g%cpqasf,su@) §SEEFPﬁp3§‘esCEHHea a8Pi §|U@egr‘|.mp%se some
2 ﬁe reti cV\iAfORﬁaéf“éﬁ iR the @n‘%fél@yo§2thénsEE§HRE7 in

I e 101-105 has been superi nposed on the
|nhgs i negamdnnethso lidwar | Leifs V€D2365/05249@e display 32

PCT/ US2004/ 02366 15 centered _on th
Fﬁﬁ@tﬂé’%est h& H&E‘éﬁ%n %e%lm‘ﬁ’ﬁ*g j%(:gl @eglﬁggaar%l%nlll As
t bRy 1 2, tims ﬂ)@@ltﬂ@ﬁl biroRhef ridte Jlef i1 105 on

relative to the inage of the scene 17, can be )
a@p@st@@lsphaa mmneRmhpeh 4 uftedi bdgd & mMgnger THeich is

g%%%sé . %t h%gezjdemlal fgtéilper' 9SG 3808e a7djustment
a In e .

i t1ona ormation on the rnmage of the sce
IWaHUQs;IEgarﬁs the lposdriheft corneegetivhe divsleay which

i%}_‘xdll%g':tltuedsest gf:asgeeto% aZI px% USt r}.tclveal %[.181—105 has
been adjusted either leftwardly or rightwardly from the
centered position shown in FIGURE 2. The lower right
corner of the display has an elevation or pitch
adjustment wvalue 112, which is a positive or negative
value indicating the offset by which the reticle 101-105
has been adjusted either upwardly ot downwardly from the
centered position shown in FIGURE 2.

The upper right corner of the display 32 has a
battery charge indicator 113 which is divided into three
segments, and which is used to indicate the state of the
battery 51. In particular, when the battery is fully
charged, all three segments of the battery charge
indicator 113 are highlighted. Then, as the battery 51
becomes progressively discharged, the number of segments
of the battery charge indicator 113 which are highlighted
will progressively decrease.

The upper left corner of the display 14 presents an

image count value 114, which relates to the fact that the
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10 nentioned earlier, the position of the reticle
101-105 on the display 32 can be adjusted, in a

woreovses24nhi ch is  discussed in nore detail | ateeT/UTI064/023664

wi-ndage adjustnment value 111 is a positive or
negati ve nunmber which indicat®¥s the offset by which
the reticle 101-105 has 15 been adjusted either

I zOr L LLgE rgl y 0 e : ed. pasiti
ST i) RREGIEINAY YeohOBYERE SRINEH CHPRd | Plnovable
dinsgtcyy hasradn €6evads onligcysstech ladpust nerthevalimage count
112, which is a posjtjve or negatjve value |jndicati

, oo
{ HEIT A% by S WA HAHE AT & 1071 55730 A Heedal - images

adidist8d eidthelg upnandly Qhudosnwadley ROt Remains . within
centered position shown in FIGJRE 2. The upper right _

coremeagfortyhecalidpd@y 3'2 has a battery charge

indicator 113 which,is divided into three ..segnents,

and whiTE | OB CHeRS oEngPEEE Sophe Bt S oA RESE 2 has a
baidtii-ed lmolla Riadical e , 1wBen 4 Batt£find s il | Fetection
charged, all three segnents of, the battery charge

i Adiddaagion 13 14r-e hi B¢ i grRRdgIreTh8wdens 1fHad c&orer §151 shows
b 0 sivel i S ed,.t 0

sggﬁbn SBEo%ﬁ%ﬁecé§F¥é%§ @ﬁgégeqfndpgggggpigé %%igngCt’ as
ard duugddght®der 30 Wihld fuirmigreessinvetgtdecieasendifmtor 116

upper, |l eft corner of the disp]lay 14 presents an .inage
cd%{l‘?\%%‘e YRAThGR OF rRftat Eiéet & fh8t SUFFEHY rabled

2Q05/ QRa4A4 PFEFﬁéJSZQQﬁiQﬁSESQﬁ!n 16¢RARERSSI NY S8GH PfHge, as
21 can store images in the renovable' nmenory card 4
asligicvssssbd dtarer. The i mage count value 114 is an

L1 oo ol RN R ROSSe B auapiy
includes an autoboresight alignment indicator 117, for a
purpose which is discussed later. The left and right
sides of the display 32 each ‘have an arrow 118 or 119,
which serves as a respective view indicator for a purpose
which is discussed 'la{:er. In the central portion of the
display 32 1is an angular error indicator 120. The
indicator 120 is a circle which is 1larger than and
concentric to the circle 101 at the center of the' reticle
101-105. The diameter of the indicator 120 is increased
and decreased in‘response to variation of a particﬁlar
operational criteria, as discussed later. Depending on
the current mode of operation of the sight 12, the
reticle 101-105 and the wvarious indicators 111-120 may
all be visible, or only some may. be visible.

FIGURE 3 is a diagrammatic view of the switch panel
56, and shows each of the manually operable switches
57-65 which are present in the switch panel 56. The

types of switches and their arrangement on the panel 56
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5 the nenory card 46. The top center portion of the
di splay 32 has a capture node indicator 115, and a

WO oosisp4pd N detection indicator 116. The captRPCEUS®O€023664

i ndi cator 115 shows which of two capture nodes is

currently in effect, as 10 di ddussed later. The firing

pin detection indicator 116 indicates whether or not,

the Bl g U480 h)é %&H&dalﬁerﬁskg%lgh%é | bBgible to

prn striking-a cartridge, as discussed |lafer. e

batéonveckatr atypest i ofi ofwthehdbspl apdipr 150 nelndege the
117

. t b H h H . .. .
S BRLB0 55 UL SLLBNIED! RSB Bl svicen

%ﬂeﬁaef albeadiSpleay, 32 Racdsdmvendre aragw 128taerkidre not
Ich serves aS a respective view indicator for a

pdiposesedhbghinshgirecussed later. In the centra

portion of the 20 _displa 2. 1. s an ul a

Pndi cafBr 1967 3RES ndi%aa]i%olre 20 iS5 ¢ FEPELRECIREEE 42
| argeUrRENED ansl ce@REAR I bE tdetdier Didgclee dAdcRt waee which
center of the reticle 101-1Q05. The diameter of the .

i pdFvasorvhiem jthe ndigdawy Pimd Bbcreited IrP3ERpoifdsikes a

tSa%QEEQQEQ” Ogu@cegggvgﬂﬁﬁn&élO@%ﬁﬁ&ﬂygﬁsCBEteﬁﬁ@’detect
as dr'scussed | ater. pending on the current node of
opeiathomsofalitersitghily 12nsthect It @eodeds19% angtion 21

the variqus indicatars 111-120 may, .all be visible,  or .
by GBI SmayBe BT, CRHEURECRE TR i Mty | Fnn this
Viegwialet he W L-ebppaReke130 Sbhamrwl shaws eaghsgbléle  the
manual 'y operable switches 57-65 which are present in

t tetenttioh ph@@ii%@x S tippekesPeshivehys whaibhei ron and
arra t | VO 2 ;
P&ﬂ“%%g%ggfﬁg‘gégied&%%%aééz \D 2005/ 052494

In one operational mode, the processing section 21
of the sight 10 can take a single image generated by the
image detector 18, and store this image in the removable
memory card 46. In a different operational mode, the
processing section 21 can take several successive images
generated by the image detector 18, which collectively
form a video clip, and store these images in the memory
card 46. Successive actuations of the mode switch 59
cause the processing section 21 to toggle betWeen these
two operational modes. When the mode for storing video
clips is respectively enabled and disabled, the detection
indiator 115 is respectively visible on and omitted from
the display 32. There are two types of events which will
cause the processing section 21 to save an image or a
video clip.

First, if the detect switch 58 has been used to
enable detection of the firing pin striking a cartridge,

the processing section 21 will respond to each detection
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17 is exenplary, and it would alternatively be
possible to use other types of switches, and/or to

w@eeoas9t he switches in a different confi gurBCT/082004/023664

The power switch 57 has already been discussed above,
and is therefore not 5 discussed again here. As
nmentioned earlier, the acceleroneter 41 (FIGURE 1) is

capabl e of detecting a,shock wave which _occurs when ‘

t R RIS EPRRE oYt REBVAFPe &YRISY |k e$1BIlRafippgger @ Video
Sugcesstk ye u akLOps t 1 L hEPH
S%q%ijtse?}réat% ?{ﬁstr{}ctEth%g p?%betgﬁ%{f%%%i g)rﬁlséwi’h@t o F the
eca@pteirand mdideabivbithi shdet ebeeon fedeated Whennghisshe mode

AP EEPors S i BEBF 1060S SRR | 1Y OFs(BFe D Fapture

Ofddeed Tromyine BeSpbagddzelb dHhiONes OpGE Ak @Bleo clip is
mode, the processing section 21 of the sight. 10 can

t @kesers¢ngbé iFRMRralenthaged . byaviad i angeddst eetdp in the

18, and store this_image i,n the renovabl e, .nenor ar
469 ¥a ???eréegntw%ggraaf}%er]appm%eéYef?iie tplrm oe(r:ggsép%g &Orage

sepldicen Bhacanwdwlk® $everabusuegessovedwagas 2dngle image.
generated by the i mage detector 18, which collectively |
f &iffhex vE@¥ed | PR ahB2gEor 8Tt HEEEeP megksP i n.thfe processing

”%%Wtﬁogcargl 46,4 ﬁ%‘E%SSiﬁlk?e .aCt.i.H@gieo.nsccﬂinE heiﬂa.dL% tor 114
swtc 9 cause the processing section 21 to toggle
beprwsemntiddeser the dpspaaiodal. nodespaibeculhe, midea single

for storin ideo 25 cli is respectj vel nabl ed and
(ratiad S TR o tren Eheua i e Rt siyoly be
Vigeidletedit eaNd ONdri t @the f bOMert hBadlSPl B8y 32. vIBEBE clip is

are two types of events which.will cause the
peayeski idisecalem 28 tbhesdvdigmbomgelorwiall be reduced by

an amount which corresponds to the number of images in
the video clip. |

The other event which will cause the processing
section 21 to save one image or a video clip is manual
operation of the capture switch 64. Whether the
processing section 21 saves .a single image or a video
clip is dependent on the capture mode which has been
selected using the mode switch 59. When the capture
switch.64 is manually operated, the processing section 21
selects either a single image or a video clip from the
current output of the image detector 18, and then saves
this image orl video clip in the memory card 46. As
mentioned earlier, a separate and not-illustrated
computer can be coupled to the connector 81, and the
processing section 21 can upload to that computer the
images or video clips stored in the memory card 46.

The 2zoom control switch 63 1is a rocker switch.

Pressing the upper end of the switch 63 increases the
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video clip. 30 First, if the detect swtch 58 has been
used to enable detection of the firing pin striking a

w@ansnsdge, the processing section 21 will reR@EDOR20D0023664

each detection WD 2005/ 052494 PCT/ US2004/ 023664 18 of
this event by saving either al®ingle image or a video
clip in the nenory card 46, dependi ng on whether the

C%B@We Qgrwma% hg§eBS§ Seéﬁ&t ad, sl ngnhhgdgaﬁgases the

t he T mage ca node or t hé Vi
capbtr Gfaﬁ:ﬁ’mﬂ.e I1n wthé blisfcﬂ@:@;ﬁd ZenﬂbbﬁainenSl naghea zoom is

video clip is series of several ima savk a,
vFB@BlE‘PPHSl narl“ﬁe CafenbrPIearrd® WX | ?ak4exfup élgve:i"%ll would
tb'ﬂ%érhgﬁl%ﬁryag@e i)%“s%.btl@at Yoyl bg rr?&'i‘lé&qt.{ﬂuous zoom
save a single”imge. After saving an imge or video

cwiiph thevpratesdismgrdfesebevehs?21 am@imxs sdree | mageer zoom

gggg%ELPgL %%?rﬁééﬁﬂbgéfse e%y%§e§P§5g3§ %%1?%eag a zoom

ceyptovalye hkd Wil leehit@d yp Qﬁtlgﬁcrﬁifeakeﬁac@@zdt hfrom each
ot her hand, if a video C|Ip is saved, the value of

t bmapadpradecet] Pynithe @énar%m%@e@poqsl&n wheust the center
Sgégglgﬁrﬁﬁi onds to tgg Qﬁﬂpeﬁ (fagf§eig th'fhls center

p hé otHer @vent whie cause the
pFe@es&hngj;S@Eémoﬂlaﬁlhgeﬁawﬁloﬂhe|m&genmdfspiﬁpo32, with
is manual operation of the capture ' switch 6

Vﬁé?ﬁepﬁﬂﬁi:ﬁ?oﬁw%%%s§?ﬁ§e§eéﬂqﬁ%QH.%%ﬁ%% Qapgﬁég@éreCtly
g€z dsRe CbiPids gepepndents ouhd g C%ﬁ‘)&gf of the

e mhlc has een selected using the node swtch
5@1smhey BBe capture swtch-64 is manually operated,

the pr%ﬁgiyéﬁksgggko%é%kor is at 1X, the reformatter 26
essenﬁially takes an entire image from the image detector
18, divides the pixels of that image into mutually
exclusive groups which each have 16 pixels arranged in a
4 by 4 format, averages or interpolates the 16 pixels of
each group -into a single calculated pixel, and then maps
each of the calculated pixels to a respective
corresponding pixel of the display 32. Similarly, when
the zoom factor is at 3X, the reformatter 26 essentially
takes an image from the image detectof 18, extracts a
center portion having a size of about 960 pixels by 720
pixels, divides the pixels of this center portion into
mutually exclusive groups which each have 9 pixels
arranged in a 3 by 3 format, averages or interpolates the
9 pixels of each group into a single calculated pixel,
and then maps each of the calculated pixels to a
respective corresponding pixel of the display 32. As
still another example, when the zoom factor is at 2X, the

reformatter 26 essentially takes from an image from the
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selects either a single image or a video clip fromthe
25 current output of the imge detector 18, and then

w@awems24phi s i mage or video clip in the nmenor yPCHUS2046023664

As nentioned earlier, a separate and not-illustrated
conputer can be coupled to theoconnector 81, and the
processing section 21 can upload to that conputer the
30 images or video clips stored in the nmenory card 46

TREAFBORREREFDF S\ ¢ cRX6FCESa 7 oG i POREion having a
PLessi ngst dnper d Qfcdihe syitgh063iRs18asesi{8es th
V\%§%%05§65%4 CTSIL%EZ 031{/ 02366 19 zog%mfactor,land ' ©
ppéssileg ¢fe Hlover cemteatecpeaséont henteoomtfaetby. dxclusive
the di scl gsed enbodi nent, the_zoom.is__continuaus an

cdh°FRAge” Jr‘%’r‘n Fﬁ%jhonfi%’ém% P%X\%%I aar%??%?%aﬁ‘l%ve%dz by 2
beopRasi, bl 8rdpayss aaﬂoan%@@}gbmu@@% zepd 5 Witikels of each
several discrete |evels, and/or sonme other zoom

rgngep e tthestngteosadcaystem iiXsder atithgthenamaps each

zogm_.f actg 4x, r .porti [ ct :
38 tlimga SRS BYERE (Tags A eRToriiE. g erending
t Bexe@nber thpodti 2a size of 320 by 240 pi xel s.

T i;{ center 10 p(??{lialgﬁ is then displayed on the col or

di spl agn3zheandheckered pPRBPAFBRE £ hé et @™ ng‘P‘i“oﬁX ko 4X
beLng. JIPRRH I eCliinen OQIaé QReut Or QME-PaZIS Bddeen 1X and

respective pi xel of the I splay 32. When the zoom

- f agt, or beswaenl X2xt hendef 8¥nat ter 2etwesressgnt iagld y 4X, the

| PR R B o6 g, [ ol he. LURa Sebegl ¢hy 1 an inage,
exehushed grerps Whirtdeasththay ead® papel shar pdrgdd idf this
a 4 by 4 format, averages or_ interpolates the 16
pbr&ltd onf into the pixels of the display 32 in a manner
analogous to that discussed above. Although the zoom in
the disclosed embodiment 1is continuou's,A it would
alternatively be possible for the zoom factor to be moved
between discrete zoom levels, such as the four discrete
zoom levels of 1X, 2X, 3X and 4X.

With reference to FIGURE 3, the reticle switch 65 is
a four-way switch, and any one of the upper, lower, left
or right sides can be manually operated so as to
respectively indicate a selection of up, down, left or
right. Each time the upper side of the switch 65 is
actuated, the position of the reticle 101-105 is adjusted
upwardly with respect to the display 32, and thus with
respect to the image of the scene 17 which is presented
on the display 32. Each such actuation of the switch 65
causes lthe reticle 101-105 to be moved upwardly by a
predetermined number of pixels, and the elevation value
112 in the lower right cornef of the display 32 is

incremented in response to each such = adjustment.
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each group into a single calculated pixel, and then
maps 20 each of the calculated pixels to a respective

waeensespendi ng pi xel of the display 32. Sinm | apCHUSwWh€0R3664

the zoom factor is at 3X, the reformatter 26
essentially takes an inmage fraamthe i mage detector
18, extracts a center portion having a size of about

960 pixels by 720 25 pixels, diyides the pixels of .
t figidamer pddti &M ntPVehit udtiy _e?%l LR Fopd 6> 1S
waiLelleagh Raye 2cphixgles 1%‘11%‘98%' M@ 3= b¥d3 dRRindly by
averages.ér I nterpolates the 9 pixels of each group

i ghe psédepternahed] atedbepi xef, pigrls hwntimpsespent ofto. the

e e S .
wagn 1§061200m EBGLRIhS S 2he tHEELT 10 gBEhEr @fde of the

essentially takes froman i mage fromthe WO
2865052498 PCILBB2004h6236641c2e | HRgellbt eBPorbgg, adjusted

extracts center .partion.havin ' 4
pi1§§|t§’aﬁ§ﬁb,’gooﬁi Lol ’tvg]ar:(ﬁﬂ}és%yﬂeg 'glls‘tlerCfee Stoé;:%r??ﬁ%‘cg Mber of
CeALRN sPQsH | eRel MOspnkpabby extd usbveesgrohes witidaye value
each have 4 pixels arranged in a 2 by 2

: y 5 format,

avéiagbs &he nleypsl diekt t kormes xefs e egéﬁgﬁé’ﬁ’ouﬁz to be
i nt,o.a_si.ngle c ' t hen maps each of
tﬁé%gglrc&:?% %&’_%t%ﬁ gglfgd%é%(%g%%%%@Ve correspondi ng :
pi xel @fs t hendiispledly 3Povien t héredi s¢hbsedlénbodi neapable of
the zoomfrom1X to 4X 10 is continuous. \Wen t

7 GORLEANG P8 DetEEI K &P 9PX, Baedn K an%h'e‘%a}ﬂ(i,: video
ol1hefeent 3X Qb A X ot RA e eERERB! te@io20 t BieG§ed or clips,

corresponding portion of an inmge, and then groups, |
i rher podeat esramdesmpyet hréep\{ fkt@t ¢Rj sthereby causing the
processing section 21 to stop presenting images of the
scene 17 on the display 32, and to instead present either
the first still image from the memory card 46, or the
first video clip from the memory card 46. If the memory
card 46 contains more than one image or video clip, the
arrow 119 will be visible to indicate that the user can
move forward through the images or video clips. The user
presses the right side of the reticle switch 65 in order
to move to the next successive image or video clip, and
presses the 1eft‘side of the reticle switch in order to
move backward through the images or video clips. The
view indicator 119 will be visible except when the user
is viewing the last image or video clip, and the view
indicator 118 will be visible except when the user is
viewing the first image or video clip. The view mode is
terminated by pressing the switch 62 a second time, which

causes the sight 10 to revert to its normal mode of

operation.
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portion into the pixels of the display 32 in a manner
15 anal ogous to that discussed above. Although the

W@ 01052394 t he di scl osed enbodi ment i s conti NUORGT/UB1004/023664

woul d alternatively be possible for the zoom factor

to be noved between discrete zpomlevels, such as the

four discrete zoomlevels of 1X 2X, 3X and 4X. 20

Wth reference to FIGURE 3, the reticle switch 65 is

a four They a@tehrahfd Ak Bhebbf Cole RppEPETREREr Lo enable

bl efsibob! Sldeniean e ganual! v aneraled 50,859,409, o

respectively in iCate i onof

risghisedEdeh thee ddte upgpeo sizle ofin hpaswitala§h i Sudbessive
actuated, the p05|t|on of the reticle 101-105 is

a d aAGhWEEdRSW OF r édifectSWidGthe &f syl 322lhpynately

t Bus et lind e8Ppest1 d ot hg %aﬁmggcﬂégg Eegﬁgﬁeemy MUS on i

is presented -on the displ act uat’i on
ofrespecsiiviedly 68nabdeses sttt rdEtsaddle=dl,01 -5 tam@@lar error

mpved U b a 30 redet rmned umber of_ pi xe
aﬁ&%llﬁg gFeagO Y RS Jl‘i%f Y nViRaPLEner rapg%tpomlttecil from

cenaeraotpl ge d3§10| aYW:}?eri SthiRCr eBRLeEn NiEeSPRARBEed, the
to each such adj ustnent. WO 2005/ 052494 ‘

PQIPQS?@@MOZ%@@WLOQl S mmlomltyora f thae dwvpnt siafe the rate
t VVI S t ua the ret Ie 101-105 i
g?ﬁéte %l%ﬁlff%y £5ﬁe if alm tg'fe firearm

Ysredelerni ned

paxsl amdxﬂpﬂle@oetﬁi keept ke dtestpiEle 38enaé.d tlhbq accurately
el evation value 112 is decrenmented. 5 Simlarly

aCEOSEFEH OF Gh@Ardio ok ghe sraBeof 7t w@lcéwnt%rpcassmered
causes ghgarr?@tcl e 101-105 to be adjusted leftwardly

or rightwardly by a predeterm ned nunber of pixels on

the di §pl dhe3usendheppses tte bendedelive ughe firearm very

steady, the rate gyro 43 will detect little or no angular
motion of the sight 10 and the firearm, or in other words
little or no transverse movement thereof. Consequently,
the processing section 21 will present the indicator 120
as a circle of relatively small diameter, in order to
indicate to the user that the firearm is being relatively
accurately held on the selected target. On the other
hand, if the user is having .difficulty" holding the
firearm steady, the rate gyro 43 will detect the greater
degree of angular movement of the firearm and sight.
Consequently, the processing section 21 will display the
indicator 120 with a larger diameter, thereby indicating
that the reticle center 101 is not being held on the
target as accurately as would be desirable.

In the disclosed embodiment, the change in the
diameter of the indicator 120 is continuous. In other
words, & progressive increase in the amount of angular

movement of the firearm and sight results in a
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111 in the lower left corner of the display 32 to be
10 either incremented or decremented. As nentioned

w@bwses24vhe sight 10 is capable of capturing BETUS2004/023664

storing single images, or short video clips. In order

to view these stored i mages orzglips, the user

presses the view switch 62, thereby causing the 15
processi ng sectjon 21 to stop presenting inmages of the
SOSHROETS DRV hel LRSS 32 gh& t3ipHeEerd pkeddit indicator

. : Ci L .
L ORLERSS ] bRIR R LS IRE ncptd, foune oo
t heengmebaor y moverneéd6 cHntaienst imsart handoneighgee®ults in a

video cli the 20 arrow 119 will _be visible to

| QIS THE (HERRATE 0df  Fhve FHRUBFEE M bugina héndicator
| MRRES O@hé'@%%fﬂﬁﬂ¥i,ﬂﬁ@%uéﬁﬁea9632?§§ éi&ééé@hEh?hgrigger

side of the reticle switch 65 in or to nove to
next S ckiséaemi ahge privtdem dime winsh phessesithe center

left. side of, th ti itch i der to 25
et TRPEEERA B EREqEET6P N qudl ofis thRe RyLeaFoT 120
| L ator r&19 vkl ybeswh 31 bl @ gxcept When ithe 488 St the

viewng the |ast inmage or video clip, and the view
i fdiceROr 13 cwrrenply weingehekdeperyheheaty  .user s

Vi ewi n e fi 2] .or-video clip. The,_ view node
L O e e B bR BER IO Orf | LR TRELhORARIC 56 15 a
t iboereaityloth swhuskes thechi gt Jd€ed otbewablio drid disable an

e, o oRE L o0, Y 0 O o othian wode s
ORRIHL v BnablespBod dhaabl @ithe 1disp! ahdf AMtoboresight
angul’'ar error rate, as sensed by the rate gyro 43. PRESHe
pax jgnment dpddestive 117 is respectively wvisible on and
omittéd from the display 32. The autoboresight alignment
mode involves the use of an additional piece of
equipment. In particular, FIGURE 4 is a diagrammatic
fragmentary side view showing fhe digital rifle sight 10
mounted on the barrel 201 of a rifle by the rail mount
12. The barrel 201 has a bore 202 extending through it.
A boresight alignment device 206 is temporarily installed
at the outer end of the barrel. |
The device 206 includes a platelike body 211, and'a
cylindrical rod 212 which extends perpendicular to the
platelike body 211 and has one end fixedly secured to the
lower end of the body 211. In the disclosed embodiment,
the body 211 and rod 212 are each made of metal, but they
could alternatively be made of some other suitable
material. The rod 212 extends . concentrically into the
bore 202 of the rifle barrel 201, and has an outer end
213 which is magnetized. A frustoconical grommet 216 has

a central opening, through which the rod 212 extends. In
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manual actuations of the switch 61 will alternately 5
enabl e and disable this function. When this function

WO 2005083pect i vel y enabl ed and di sabl ed, the anPtil/a§2004/023664

error indicator 120 is respectively visible on and

omitted from the display 32. Wjen this function is

enabl ed, the processing section 21 nonitors the

output of the rate 10 gyro 43. Typically, the user

wi the bediag ol oged heerfiadeianamt and et t gmotrimag: t GlISeemst heade of

reticle cepter 101 acc ra el ent re on a i on
of TitiRRE §ceﬁ8t1?RMﬁ?Hﬂ s& %FagFgﬁ $QNF%9 aP effome. othexr

| fstheayser nRarpsngy to @ﬁeh%%x%n'ﬂ%ﬁ hglfsl TR MV ey isthonical
steady, the rate gyro 43 will detect little or no-

angiub Bace ndlvonwbfichhengaghts I@eam@nﬂuéqzr&&uxﬂscmuter end.
ot her

t
Consequitl 57 E RECRRGEde 1R “Gberdioh BITW TP hrBserrice 206

- theo i pdi gakar whidt ASvarcets! efofdirfdatdmel ¥y 588! bf Firearms

di ameter, in order to 20 indicate to the user that the
fllil%‘émﬁil S gof elddtfifpalopt agé@rat el yFHEthegn thee surface

haV|ng %’ |cuIthﬁ | ?ngigﬁE gaﬁ%:s% d%? 1§ will be

r ad o grydos 431 Wyl Icsiﬁie&@d thftgra&t@ectdegbeetleé bore of any
angul ar _povenent of the firearmand sig
ubhE 9T he THROFBEEESG Cs AL ST zeiewwt%ﬁisbhfayhe right

theyq i Bgi cahor g0 whsh a4 aggg&osillm%te% ﬁﬁ%@?}ﬁlg in all

indicating that the reticle center 101 I's not
helidcert 1dmrs, t shgeebrscavsingt €hg amdmﬂmﬁ<hé the rod 212 to

o APk RaEeRC EERRS TogL IS CBROE | s

|F}:e§§aﬁ§d, vRedSleva cl CYESH Ve s1§H€ESeol RHAE BY®UBEnter of

of angul ar, nmpvenent of the firearmand sight results

i PEpVity is in the region of the end of The barrel 201 of
the firearm, which reduces the centering forcé Eequired
of the magnetic field. As a res;lt of the magnetic
field, the device 206 automatically orients itself so
that the rod 212 is accurately centered within and thus
coaxial with the bore 202, and so that the platelike body
211 is oriented to be accurately perpendicular to the
axis of the bore 202.

The upper end of the ‘body 211 has a reflective
surface 221 machined thereon, the surface 221 béing
perpendicular to the rod 212 and thus the axis of the
bore 202, for example through the use of precision
machining techniques such as diamond point turning. With
the boresight alignment device 206 properly installed and
self-oriented at the end of the rifle barrel 201, the
reflective surface 221 will "see" the image detector 18

located within the sight 10, and will reflect back to the

image detector 18 an image of itself.



WD 2005/ 052494 PCT/ US2004/ 023664 23 progressive
increase in the dianmeter of the indicator 120.
w@vsesaed y, a progressive decrease in the anoR@i/usfo04/023664
angul ar nmovenment of the firearmand sight results in a
progressive decrease in the diggreter of the indicator
5 120. The user will thus endeavor to squeeze the
trigger of the firearmat a point in tinme when the
reticl @ncaties regards A ERJSods e dapgerammgigic view of

when the indicataqr ,120 as rel.ativel mal | .
GBEn TS 2t RarEReE ek, 5T Bner Mg AePdirog, g during a
beicrasheht Vel Ygsheady opkdkalieod emiTHagrevitadle 6000A105 has
the switch panel 56 is a boresight switch, whichis - ,
ubeen oSEREELEPRFEAi 9abl Bhan imrA®batesi fit &hiegnRERFessing

‘ .. :\Wen -t hi des | S s ectiyel ed,an :
5 GRS Mo EhoSiuSt JREERL FhkC R A CE0 S0E05 is shown
I $r espeeitetad vpsshkeongn abhth 1monbtfeetf r oxt heindage or

di spl ay 32. The autoboresi ght al iggrrent node i nvol ves ,
t Reey@sion -an Ho8i LMe88 Y lectrotUdegulpngftapgular portion

p@%@',cwfﬁrc Fl GURRe? ihd g Qiﬁ?cgé@i@?tﬂ.g als AHBIU A Y4 back to

side 'view showng the difgital ‘rifle sight 10 nounted
oritised fhabyelt12d] reff leatiiftee byrfheer a21lnoomt. t2@¢ 1Roresight
Tgﬁ,barrel %01 has ore 202 extending through it. A

10 b ESYIR CaldGHeht? Yevi ce 206 is tenporarily

i nst al hgd nat ihQ?eOlﬁI@ceﬁﬁﬁr@ té@hﬁ@gﬁéls- Jhedawi®mn type,
206 includes a platelike body 211, and a cylindrical
r (421 PrARESS 108 eREStiOperdi cOpBr itecphe ghe rectangular

PRESEAT S LA 5, cURagad ghroolysbouiatistee o
erdeairnent ,24 4 hef body Pédétanduied pb2tdrom epch. natieesé known
i5 me:i.tm%tlg’e b;l)'lzt:éct:ggging techniques can include operations such
. as spatial filtering, thresholding, segmentation, £feature
extraction, and image correlation, and/or other suitable
known - operations. The processing section 21 can then
compare thé position of the reticle center 101 to the

20 position of the centroid 246, and automatically adjust
the position of the reticle 101-105 in terms of windage
and elevation, in order to align the reticle to the
reflection of the image detector, and thereby properly
align the reticle with the bore of the firearm.

25 o The present invention provides a number of
advantages. One such advantage results from the
provision of Acapability to detect the impact of a firing
pin striking a cartridge. This provides the ability to
accurately record an image which shows the relative

30 positions., of the reticle and target, as viewed by a user
just before combustion starts within the cartridge. This

provides an accurate record of the extent to which an
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could alternatively be made of sonme other suitable
material. The rod 212 extends concentrically into the

wWa0b0539L02 of the rifle barrel 201, and has PBEIT/US2004/023664

end 213 which is magnetized. A frustoconical gronmet
216 has a central opening, theeugh which the rod 212
ext ends. In WD 2005/ 052494 PCT/ us2004/ 023664 24 the

e [ . the de of
1:87? gut nk;%I(ﬂc?ljlpdl _cfefr%‘? ;b‘ebgz o‘fa§oﬂb‘e £o human
Ot éﬁfor$UWhabhe iratest aﬁlrgﬁﬁlgr Q@ﬁat%&ﬁé"as &n particular,
frust oconi cal surface 217, which engages the bore 202
tthes Ué@?erc%rthlSWTrféﬁ r 8505e0niideAgs Ui RacrdEy to isolate

dielﬁyéet Br t I?x%rd%’ 158 Qghlfg\s;srggwrto@ al E}:}ﬁt%gr é:Htacement

rent types I Tearns Yores d
siatesthEutahget the surface .217 ensures that the left
end of the rod 212 will be subst antially centered

Wi th reRpeBFthETt REVBR @It Begulan SueR fiheafart ThBat some
”B&Petéflf%ﬁe%k%en%d%ttﬁqzn@hrﬁ$e dt gtﬁtheen%l‘?:feag?r? s%%ht are

213 act approxi mately ~unifor directions,
t hef byt edusilrgtirbaiead 1213 Jﬁithtdme than]I%dhﬁn:hmlly This

accurately centered withi n tge bor 202. |n this
r YA t RETE&T cBY2064 9 s™MGE ia&ﬁé’& ‘P‘iﬁ%“td?t’@t&@ﬁ?ers‘mh as

Of {154 2t | Ysh&ckn akle e on o, ttﬁfe kO odE emb
barrel 201 of the firearm whi ch reduces th % smbodiment,

cdrter phgCEsPBACT @qinw%dﬂerﬁfs t heCﬁragﬁetaltﬁdttmmJ,c Asdgustment
esgl h eti t he devi.ce

autorr%t ?Zco?lfy%gglg%%t’s %‘sel eCtroﬂ%zft ?%%u?g‘&e’é"iz ?% reticle

aomncﬂ@ yacdnteledtd dhi n ape-thes, 2@ Heoaxesliclet hitself ig

the bore 202, and so that the pl atel i ke body 211 is

orF K SPRIF b B e ARENE3ASR gaHd c s £4TeRa™ asiight, and
ofs el P t20hanges in the retlcle configuration can thus

‘be easily effected without the need for any mechanical
change or adjustment.

Still another advantage relates to the provision of
capability to accurately measure the line of sight
angular rate, and to display for a user an indication the
currently sensed angular rate. This provides a person
using the firearm with an indication of how precisely he
or she is currently controlling the optical line of
sight, or in other words how steadily the firearm is
currently being trained on the intended target.

Still another advantage results from the provision
of capability to automatically and electronically align
the retlcle of the firearm sight to the bore of the
flrearm Further, this automatic allgnment can be
effected quickly and accurately.' This avoids the
traditional approach of taking the firearm to a target

range and firing successive sequences of . bulléts while



The upper end of the body 211 has a reflective

surface 221 machi ned thereon, the surface 221 being
wQ@opespendi cul ar to the rod 212 and thus the BXI/BESMWDI023664

the bore 202, for exanple through the use of precision

machi ni ng techni ques such as dhanond poi nt turning..

Wth the boresight alignnment device 206 properly

installed and self-oriented at the end of the rifle

bapresresgivehs seahemicetlilve adipaetng2thg | retigée windage

the i to l.Qcat. |t i | gh ;

e Trovery 8 “Bathn g BT A by, bl pdiinsive.  1n

I npgec Diuldasel . tWe 20054 D624 9dn PCTHUSRAGHD23664r 25 precise

In this regard, FIGURE 5 is a diagranmatic view of _an,

i eRrsyraneRpt Gfedhyy Theal tRyeedet 8ét eI S ERPEngesative to

POi0s! 0Bk ableOIRNte PELAL] Olna THocLBkal® d02:d0P1 8% of the

been superi nposed on the 1 hage 2 by the processing 5

secdt bl & lpoFbrisnnplicity, the reticle 101-105 is

shown in a centered positjion, wth no_ offset for

wi ndagerbrowgRy 5%n € e i RS IYed lgustrated and
resd Snathad RAr tdihi 242 tWhjiah e t Raderage St 6401 various
18 as reflected back to itself by the reflective

swiberl Q21ions t henbor exl ggrnatidons | gament plesstleleoewithout
Usi ng i.mge processing technigues_of a _known typ
tfé?é%%&%@%in%r%%ct?%% 2 p%ﬁﬁglo%% et %p?ec?gnggpgr present
POI A& P42, Wad hief ihedi prgehdd4fol asdiaal eldladnss .t he

centroid 246 of the rectangul ar portion 242. These

known 15 i mage processing techni ques can include

operations such as spatial filtering, threshol ding,
segnentation, feature extraction, and inage

correlation, and/or other suitable
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known- oper ati ons. The processing. section 21 can then
conpare the position of the reticle center. 101 to the

WQ@QRo0posi4vd on of the centroid 246, and aut onat i BEI/U§2004/023664

adjust the position of the reticle 101-105 in terms.
of windage and elevation, in2der to align the
reticle to the reflection of the inmage detector, and

t heh r ign the reticle with the bore of
the %P%gﬁ;%?ﬁ%@&héﬁ

[ present invention provides a

nunber of advantages. One such advantage results from

the provision of capability to detect the inpact of a
firing?l-pi nA3raRPAGREVEardaRigesirkhi ¢ piioweales tight which
ahi it el accurately record an image which shows the
refative 30 positions of the reticle and target, as

vi ened abyvhewsay gJeustidief ehetCopbuattoN St asks Wd hivlew an
the cartridge. This  provides an accurate record of

t RE3gR: &t 3 &ARACEh Th ARF o7 bYR4gith a reticle;
PCT/US%OQQQQ%§§f4seg§i8ﬁr%%f'héﬂ#ééﬁg#isﬁégggﬁégaf@g%ement

target was due 1o human error, r
r efesrdld €ireampardight avhichhbsusharaateyiewidef a firing

stored in% e in ord%r.to isolate his or her

cBﬁPrFBEﬁ'gﬁgtg SV t&h9Se i Ul | et pl acement 5 at

t he taéﬁetima@ifl tBéEtagﬁa%@%ﬂ%t}%oI L&ﬂ%é@@iéﬁcby said
0 e

that some or a f the adjustments o I rearm
sFERE1RPe STt edf els@dt apliyeal ¢3] mevkementhafor saving an

i cal Ly, [ avQjds errors_due to nechanical . .
ggﬁgggeggtkﬁﬁ%¥gh Eﬂﬁ§ﬁkg %?ﬁ%aY?%h?f§th%maﬁd9ﬁé%? in time
| hiushepdisel osedeerbadior i, salilie plyesitdaniovement .

adj ustnments include el ectronic adjustnment of a zoom
factor, and electronic adjustnment of reticle

2. An apparatus according to Claim 1, wherein said
%maging section 1is responsive to detection by said
sensing section of said physical movement for saving a
sequence of images of the target and said reticle from a
time interval which begins before detection of said
physical movement, one of said images in said sequence

being said image from said point in time.

3. An apparatus according to Claim 1, wherein said

image saved by said imaging section is a digital image.

4.  An apparatus according to Claim 3, wherein said
viewing sectiQn includes:

a digital image detector capable of producing a
sequence of images of the target; and

a display on which said viewing section presents for
a user salid sequence of images with said reticle

superimposed thereon.



10

wi ndage and el evation. Further, the reticle itself is
el ectronically downl oaded into the firearmsight, and

wdazoosiospavd i cant changes in the reticle confi guPEr/USI004/023664

can thus be easily effected without the need for any
mechani cal change or adjustnment. Still another
advantage relates to the provision of capability to
accurately nmeasure the line of sight 20 angular rate,
and to display for a user an indication the currently

sensed angul ar rate. This provides a person _using t
f|rearﬁ\MtAPaﬁPPﬁéﬁEHﬁléﬁQ9IQ%Rﬂpﬁ%c¢%%+W he Wﬂe§9ﬁ? said

[ rentl ol i opti c line ig
o i 5her Y EF Beb okl Ph c ety Bhar®)d Brectrontc
cubb@m@fbmaﬂer; trained on the intended target. Stll

anot her advantage results fromthe provision of

capability to automatically and el ectronically align

the reticlenof 5 Fﬁﬁrgtﬁgara@c%rgﬁtngt 0.4 he1 boresof vJHlaereln said -
firearm™ Furthe this automatic Tali gnnent can be .30
etsbe:@uexc_lq gqeeckiyn ard factsr ab@m@paé’ahl gidverdaa hef an Output

di ti onal oach of t he firearmto a

rQ geSah f??$$if§3%%%§§l 6%5%%%3 cgerg de%%# fquency
“@&@o%r%%o5h@é%%em&ﬁzo%/ 023664riBd pin striking a
progressively mechanically adjusting the reticle

wicagdagd daend el evation, which is time consuning and
expensive. In particular, the invention provides for
preci se neasurenent of the m salignnent of the scope
relative to 5 the bore of the firearm and automatic
correction of the reticle position. Although one
enbodi nent has been illustrated and
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described in detail, it wll be understood that
various substitutions and alternations are possible

wowakos940 departing fromthe spirit and scopeCDiS1004023664

present invention, as defined by the follow ng
claims. WO 2005/ 052494 PCT/ US2994/ 023664 28 WHAT 1S
CLAIMED | S: 1. An apparatus conprising a firearm sight
which includes: 5 a viewi ng section that permts a
user to view an inmage of a target in association with

areticle, AnsapsR@rsRctd . det ect.i:na.. P '
movenent  of sa?)%afi rear m(gﬁ% Jit?él 'c% Vslgg’l%gowéégﬂ’n' which
c lrmratitter istugenfta viewngn pimagst dtkiang@emarini dgeociation

an 0 an.i agi secti.on responsive, to detection hy _.
S S T LR e R R EarS nobenary ctuding a

SREUIGIRN ddRGERin Nepbatgeh ARMisH d At dd oM digital
,point in time_ just prior to detection of sai
pRfSiucamemty e nichel 5posiphonp et asasdaceoridily trelative to
Cl-gisM; Japherein said imaging section is responsive :

t 6 detectlon by said sensing section of said physical
nmovenment for saving a sequence of inmges of the

target and said reticle froma tine interval which

begi ns 8hef die YeRRERFVR BFCOAEA N0 YshySlahh Aovelemein said

0 ai gy LN .0 qQUENGe ei_ng i.d inmage
f?%rtﬁggz}\iéd %%?gtg&ﬁﬁn{tzl rg@hgl&zn apparta%Ju‘sa a%%%#:di%% t nually
Ceéfart, sahdr ediusaimgnti wefge s \pexk iy csaiaF i@l ngeticle.
sectionis a digital imge. 25 4. An apparatus :
according to Caim3, wherein said

9. An apparatus according to Claim 7, wherein said
reticle adjustment portion permits a user to manually
effect said adjustment of the position of said reticle

independently in two different directions.

10. An apparatus accordinig to Claim 7, wherein said
viewing section includes:

an image detector capable of producing a sequence of
digital images of said scene; and

a display which is visible to a user and on which
said viewing section presents said sequence of digital
images with said digital vreticle superimposed thereon,
said reticle adjustment portion effecting adjustment of
the position of said reticle by changing the position at

which said reticle is superimposed on said display.

11. An apparatus according to Claim 7, including a
rifle sight, said viewing section being a portion of said

rifle sight.
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20

view ng section includes: a digital inage detector
capabl e of producing a sequence of inages of the

wo 2009052496and 30. a display on which said view PQI/US2004/023664

section presents for a user said sequence of inmges
with said reticle superinposed thereon. WO

2005/ 052494 PCT/ US2004/ 023664 29 5. An appar at us
according to Caim1, wherein said sensing section
includes a solid state electronic acceleroneter. 5 6.

An appgg at Us RECOiEhALatAsC abfipbeisWAgr ekn sabBt having a
sensing section effects bandpass filtering of an o
outewing ofechianaandl deorticerl trpBe| derouanevigychi ahdigital

frequency anpQnent haract eri st.i ¢ .of fiqr4.Ng pj ;o
KTTHITG aS H0 at t r1aGeo e Joos Easagsical 1y thio  saia
RETE IR 044 828664 BPork. ARteppanayuso€onpaigi ngight, said
viewi ng section. which permts a user to view an

iWerjeled geSEdRR RPERSdCing | dnusEint Ha Wigvt an image of a
reticle,. sai |8 1G. SeCt. i_ncludi. a hel e .
a%%rg% men S%rst\ch\rg%%h%fl zfg? 1% atdgg]lgig&i tgfeqﬁyl% received
athttshdtensadd pdetposition of said reticle relative to

the i mage. 8. An apparatus according to Caim7,

wherein said 10 reticle adjustnment portion permts a

user tp; manughl Yo fools sl Al us) mest @fafhe 12, wherein
position of saidreticle. 9. ‘An apparatus according to
Glaidn i ewithere¢pt sandincludes:

an image detector capable of producing a sequence of
digital images of said scene; and

a display which is wvisible to a user and on which
said viewing section presents said sequence of digital

images with the digital reticle superimposed thereon.

i14. An apparatus according to Claim 12, wherein

said sight is a rifle 'sight.



reticle adjustnent portion permts a user to manually
15 effect said adjustnent of the position of said

WO 2405052394 | ndependently in two di fferent direcPCDNS2004/023664
10. An apparatus according to Caim?7, wherein said
vi ew ng section includes: 20 ap i mage detector capable
of produci ng asequence of digital inmges of said
scene; and a display which is visible to a user -and on
which said view ng section presents said sequence of
digita)s | MRGeS LA dodhot] dingChi HiGSURLIIMOSEHith a
t hereon, 25 salng reticle adjustnent portion effecting
adi&m:tnmrﬁe@ttlomh*&hpohl tlnoﬂludEssal d reti cI e by
changi n the goa gl on a b(‘lh said re £
super i §5PH 8?3;98%? Sk %?Ja?%sa sequence o
W@émmﬁ&g&%mz thpgkuding a 30 rifle sight,
said view ng section beinhg a portion of said rifle
si ght aV\@lZ@G&!}OSQm%WP@hUm/ 0236649 3ﬁe1:ztlom presents

R i Tor 1o e BtahOah chadfe g pEY CRBFEhYg petng

b@lémx@d@@e@ alet r eAHC Al gt ﬁésdlﬁtybﬁV\AMCh is less
section fromexternally of said sight, said vjew ng

dean on R LEion afuseidt ém998v\ﬂ§'ﬁeFﬁ€§e 6%  scene

i n assoc ;3 thel et e vedhiy ch

t hrou Eg d%i@g%}’"t%BTOp%ﬁ k% gg%adrl'gtcﬁas accor dfgngy o onge an
(E:‘iaﬁdntﬂjz\;e \A/h;am nofsasatidi dmgag:as'lectmegesnoisjdexcemted on
|nageé$ ctor capable of producing a sequence of

Fafd s of said scene; and
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a display which is visible to a user and on which 15
said view ng section presents said sequence of digital

wopmges2ani th the digital reticle superinposed PEEUSIING/023664

14. An apparatus according to Caim12, wherein said
sight is arifle sight. 20 WD;3005/ 052494

PCT/ US2004/ 023664 32 15. An apparatus conprising a
firearmsight with a view ng section which includes:
an i mage detector capable of producing a sequence of
5 digital inpages of target: .a.di splay on which said
viemﬁnbssecﬁpoﬁpBP§§3H€s T ¢ “déFlience - of digital

i mgesy said,dpphaycRenngn s peentiesa d1s@ke@Ntto view an
having a ,resolution which is less than a resolution
oimagedoEnageceaeednorssaed atd o digih & wefokwbarti on

whi ch can digitall hange .an ffective sj ai .
di gi t aft i%%@%%n%szﬁpégﬁﬁ?eéﬁgh SgaF&E&F§p|&§§e&%p§ 8 said
2008{, 98494 cRETOES2RAK/ A2 366ds 33 lBomPBnappar aidtfroximately
conprising: a view_ng section which permts a user to ,
vEeanaverbgage of 4 ienexrandsidcifqwnsaith spene to said
reticle; Si portion for detecting novenent of
sX?ﬁnggegfggiggét?%g whi ch has a conponent

appr oxamafekyhetr ansearism t af @ | i peoekfiéndi nghker omser with

said scene to said _view ng section;, and a furthe% .
seREPBERMAE AP r HFF g Fhe Jiepement of  said viewing

section detected by said sensing portion.

17. An apparatus according to Claim 16, wherein
said information provided by said further section
includes an indicator which is presented in association
with said scene and said reticle, and which has a size
that is varied as a function of changes in said movement
of said viewing section as detected by said sensing

portion.

18. An apparatus according to Claim 17, wherein
said indicator is a circle which has a centerpoint
disposed at a'predetermined location on said reticle, and
which has a diameter that is varied as a function of
changes in said movement of said viewing section as

detected by said sensing portion.

19. An apparatus according to Claim 16, wherein
said movement detected by said sensing portion is a rate
of angular movement of said viewing section with respect

to a vertical reference.



10 informati on based on said novenent of said view ng

section detected by said sensing portion. 17. An
wappanstias according to Caim 16, wherein saiBCT/US2004/023664

i nformati on provided by said further section 15

i ncl udes an indicator which is3presented in

association with said scene and said reticle, and

whi ch f a size that is varied as a function of

S

changes®in sai 8 nBPRRRT Lo REH H B W AgELdER A+ adncluding
deg eEi?ﬂeb)élgﬁ%' d sensi GQewPﬁ%t 's%'&tl%gl 1&efiling portion and.
appar at us accordlng to dam wherein ~said
i noieehey Pecticmy dhelngi msi@&@taveenp@rtpmn‘s of said rifle
dh%anﬁd at a predeterm ned |location on said reticle,

9%hich has a 'dianmeter that is varied as a
function of 25 changes in said novenent of said
vi ew ng section as detected by said sensing portion.
19. An apparatus according to Caim16, wherein said
novenent detected by said sensing portion is a rate
30 of angul ar novenent. of said view ng section with
respect to a vertical reference. WO 2005/ 052494
PCT/ US2004/ 023664 34 20. An apparatus according to
Caim116, including arifle sight, said viewwng -
section, sensing portion and. further section being
respective portions of said rifle sight. 5 WO
2005/ 052494 PCT/ US2004/ 023664 35
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21. An apparatus conprising a firearm sight which
i ncludes: a view ng section configured to permt a

wWQIe®s/051394 5 view an i mage of a scene in associBCT/U82004/023664

with a digital reticle; a reticle adjustnent portion
which facilitates digital adjgstment of the position
of said reticle relative to said imge, said reticle
adj ustment portion 10 being responsive. to radiation
received by said firearm sight which is

representative of _a_ posijti f .a.fjrearm for ;
aut omat7cal | ?‘%d?%?f%éu%hgggggil%%{# o? ?&lr g&%etlglcgf%t which
togffeedsan alignment of said reticle in relation to

the firearmbore. 15 22. An apparatus according to

d ai m A, Wiestigich SaF810ReFIRE 5Fe¥edn ShcPEIRd tand User to
i e tector, d.i LN ag_ﬁé/' leh bgh digital
se‘f)lar"%\t ggf relg&rﬁ i %E fo%%é&g%r fg"hnsi g té,)&%%ﬁhgé%a & cigita
firesdigEii on engageable with the firearmbore 'for
supporting said_device in a position, of ali,

men s
with the fFrE&FkEDorE I UIdSIH chPRASIEM s po%?f’ﬂ)?’nltates

Wi g f fféffl§&%ﬁ¥§m§ﬂ§raﬁferkﬁkide%@éioﬂE“E@IiQQid reticle
representative of a position of the firearm 25 bore _
betelptai vef tectdaid omnagsai dadithgeetécéet @djhstgednt portion

second portion aof an_inmage, .of .said_inage getector.. VO, .
2G5 L ASFOPEFAUS069) 025664 136 35 CANHppaf al(id firearm
aceti Nghi enhClial Mepdesthrffiive S8f dar @bis@lt@on of a firearm
adj ustment portion effects said automatic L ,
bore for automatically adjusting the position of said
reticle to effect an alignment of said reticle in
relation to the firearm bore.
,1
22. An apparatus according to Claim 21,
wherein said viewing section includes an image
detector; and .
including a device which is separate from said
firearm sight, which has a first portion engageable with
the firearm bore for supporting said device in a ﬁosition
of alignment with the firearm bore; and which has a
second portion with a reflective characteristic, said
radiation representative of a position of the firearm

bore being a reflection onto said image detector by said

second portion of an image of said image detector.



adjusting of the position of said reticle in a manner
5 which includes determning a centroid of said
wo edosesipon  of said i mage detector, and then BCI/USI004023664
the position of said reticle relative to said
centroid. 36

23. An apparatus according to Claim 22, wherein
said reticle adjustment portion effects said automatic
adjusting of the position of said reticle in a manner
which includes determining a centroid of said reflection
of said image detector, and then adjusting the position

of said reticle relative to said centroid.



