1 ELECTRONI C FI REARM SI GHT, AND METHOD OF OPERATI NG SAME TECHNI CAL FI ELD OF
THE I NVENTION This invention relates in general to a device which
facilitates accurate aimng of a firearmand, nore particularly, to a
firearmsight nounted on the firearm 5 through which a user observes a

pot ent i aWOt 200yed249MM0 2005/ (h2494 PCT/ US20041023664 2 BAGKERENDY/EB66EHE

| 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 conmon approach is 5 to nount on the firearms barrel a
sight or scope, through which the person views the intended target in
association with a reticle, often wwth a degree of magnification. Although
existing firearmsights of this type have been generally adequate for their
i ntended 10 purposes, they have not been satisfactory in all respects. For
exanpl e, existing sights typically are passive optical devices with
mechani cal adjustnments. For exanple, they have fixed reticles with
mechani cal reticle is adjustnments, and/or nechanical adjustnents to vary the
magni fi cation or zoom factor. Over time, jthese nmechanical adjustnents are
subj ect to change, for exanple due to factors such as vibration, shock and

wear. A further consideration is that, in existing firearm
ELECTRONIC FIREARM SIGHT, AND

METHOD OF OPERATING SAME

TECHNICAL FIELD OF THE INVENTION

This invention relates in general to a device which
facilitates accugéte aiming of a firearm and, wore
particularly, to a firearm sight mounted on the firearm,

5 through which a user observes a potential target.



20 sights, a user basically observes the relative positions of the reticle
and target while aimng the firearm Wen the target is relatively small

it can he difficult for the user to assess how precisely he or she is ,
holding the reticle on the target. For exanple, one user not_ be 25 able
to hol gwq’ié"“ﬂ"%‘éh'm quite as stgady as anot Egr user, rBEMr‘TJ?*?“H‘d’”?%“
differences in accuracy. However, in each <case, the aimng errors can be so
small that it is difficult for either user to perceive these errors by
sinmply observing the relative positions of the reticle 30 and target. Yet
anot her consideration is that the ability to accurately place a bullet in a

target is PEUAERPENDoPFVEHEQGSMEBUAGIN 3° PCT/ US2004/ 023664 bot h nechani cal
factors and a h“&?@rf %%teofyeJPE %gl%@scgt%eéﬁﬁigﬁgsl %Cr'lc&’dﬁe%'cggt have

ballistics, bulle di'sper’si on characteristics, t he"degreé I ghnment .

bet ween t hebséghtiedalopbe tia easlp ber peribesedriohatelny eali gt iC it dmdr gel y
repeatable, and it is thus possible to conpensate for them I|n contrast,
the human $weRorsi s Adfleesattdrechbr PprEfilet abine  e@EmehuspPrdash is

difficult to assess this f or-or_conpensate for iit. .The human factor
i ncl LIr’Ses t he® abrp?‘iuf%/ of"a @ﬁootfe}r?%r%gacgﬁ?ﬁegl yahoF&gthre{:e reti Q€551 the

sight on a t@rgeth WIensequer! | perisbord Sveesisr abhe timbenablie t@rgeeorie an
i mge showing the relative positions of the reticle and target, as viewed
by the shooresochetaopoi Withn @i n¥eaiien et heoktiwat eviphl | ed degnas gedr, and
before the %éégg Mation. Although existing firearm sights of this
type have been generally adequate for their intended
10 purposes, they have not Dbeen satisfactory in all
respects.

For example, existing sights typically are passive
optical devices with mechanical édjustments. For
example, they have fixed reticles with mechanical reticle

15 adjustments, and/or mechanical adjustments to vary the
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 existi%g~firearm

20 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

25 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 so small that it is
difficult for either user to perceive these errors by
simply observing the relative positions of the reticle

30 and target.

Yet another consideration is that the ability to

accurately place a bullet in a target is a function of



15 experiences the recoil caused by conbustion of the gunpowder or other
propellant within the cartridge. This can help the user to assess the
extent to which it was the human factor rather than nmechanical factors
“which ¢ 1Pt to a shooting error. 20 Sone pre-existing sights have
includedgg%ghmgaggﬁility to record an i mage show ng the Fel/UEIWH/ARE6 t ar get ,
but do so in response to detection of the large recoil or acoustic shock
produced by the conbustion wthin the cartridge. Detection of this recoi

or shock 25 necessarily occurs after the point in time at which the inmage

of interest would need to be recorded. Consequently, these pre-existing
devi ces nuskoBaf f Bechamiwider BICtHRFes aespdndhiBafhe kRrdtee¥i on offhe
conmbustion _by estimati n_earlie int .inQ tinme ich_the t,ri.gger
was pr obablrg‘/e }&?Péaggang%t‘:&fg es’l den ‘.EJr‘g%ndb?g\}eEt on%;%ﬁ%ﬁéc Uffgj(r&él&%trrages

whi ch corr espopdsstent htar £stérBEedchOi Mnd Nthicmedefeet R UARIg@IerRf
factors WD 2005/ 052494 4 PCTI US2004/ 023664 such as variation in bullet

cal-i ber, thHpetweennptthe piehitct ané tithe at fwkliegr™m hebbregger wadhesd | ed
is inherently inprecise, and often results in.t saving, of ., an i e which
isn part‘?%%?ﬁggﬁrﬁgflﬁrs b%%%ué@ﬁqefbf eprEsatht e"ae'poiaﬁ)t%1 inttihe 685 ar
before or t@esapleattelcddperasdtdl bk @3Rm pul kn MIROVES: , t ReN@RFhalO
buffer a | arge nunber of inmages makes it necessary to dedicate a relatively

| ar ge anmounfa®@foremsr oo rapsatpbaet i o, Pikddletiadmdesndaiiiais it is
difficult to assess this factor or compensate for it.
The human factor includes the ability of a shooter to

10 accurately hold the reticle of the sight on a target.
Conseguently, it is desirable to be able to record an
image showing the relative positions of ' the ‘ret.:icle and
target, as viewed by the shooter, at a point in time when
the shooter pulled the trigger, and before the firearm

15 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. '

20 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 the cartridge. Detection of this recoil or shock

25 necessarily occurs after the point in time at which the
image of interest would need to be recoxrded.
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

30 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



10 Still another consideration is the need to align the reticle to the bore
of the firearmon which the sight is nounted. A traditional approach is
take the firearmto a target range, fire a nunber of bullets at a target,

observe the error in the resulting bullet pattern, 15 I adj ust
t he wi nWAY¥E¥t h) and el evation (pitch) of the reﬁéﬂ@?hﬁ%%ﬁg nunber

of additional bullets at a new target, observe the error in the resulting
bullet pattern in the new target, nechani4«ally adjust the w ndage and
el evation of the reti~~le again, 20 and so on. This process is very tinme
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| NVENTION Fromthe f(:)re( ted that a going, it nmay be apprecia need has
arisen for anhpremtrhysi Yherenien, agdiddCore sesudlts ofnt heedissatiight afes

- appar at vkt nileFRcl tALETE 17 Sl SURL Gt SR Ras St U our e UEBct Ton
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detecting a E ysical a reticle; novenent of 10 is characteristic of a 15

, after the actual trigger pull. Moreover, the need to
buffer a large number of images makes it necessary to
dedicate a relatively large amount of memory to this
function, which is undesirable.

10 Still another consideration is the need to align the
reticle to the bore of the firearm on which the sight is
mounted. A traditional approach is take the firearm to a
target range, fife a number of bullets at a target,
observe the error 1in the resulting bqllet pattern,

15 mechanically adjust the windage (azimuth) and elevation
(pitch) of the reticle, fire a number 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,

- 20 and so on. This process is &ery time consuming, aﬁd is
also relatively expensive, due to the cost of targets,
bullets, transportation to the target range, fees for use

of the target range, and so forth.



and an i mgi ng section sensing section of the imge of the target and just
prior to detection a sensing section for the firearmsight which firing pin
striking a cartridge; responsive to detection by the physi cal rmvemant for
saving an the reticle froma point in time of the physical novene A

di f f er eWORYKHEI4t he i nvention invol ves an apparat us V\E?EWS?‘W&WI&&% a

viewi ng section that permts a user to view an inmage of a scene in
association with a digital reticle, thesviewing section including a reticle
adj ust ment portion which facilitates digital ;. adjustment 20 of the
position of the retlcle relative to the i mage. Yet another form of the
invention | AVSMPES & BPpatBYEETHANCh i ncludes a sight having a view ng

S ouced o) aaYE3%aR PACY FREOUBRANN Cft 2 nh0l BB LELLELE 44D Mo

i ntroduced el ectroni ca iewng s ctl on ext erna f’y f the
sight, the weed ﬂgisse&:ii@@npébm td i hgr@armseighe wiltlnaveage @ome seene in
association with a digital reticle received through the port. Still another
form of theailhveREi ohhEnvelsasvantaggsar a@ﬁ@cr%&\ﬂe«g Fifth edma-SgRt MG h a

VIemngg Secgég 30 W@ﬁghfbgﬁJQHf thgnlhgggﬁlg1“¥ﬁ§%1&8833 é%pé¥é§%g”ng a
sequence of i rages of a target .
that 1ncludes a firearm sight which has: a viewing -
section that permits a user to view an image of a target
in association with a reticle; a sensing seétion for
detecting a physical movement of the firearm sight which
10 is characteristic of a firing pin striking a cartridge;
and an imaging section responsive to detection by the
sensing section of the physical movement for séving an
image of the target and the reticle from a point in time
just prior to detection of the physical movement.
15 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 ;édjustment
- 20 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 wviewing section from

25 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

30 which includes: an image detector capable of producing a
sequence of digitél images of a target; a display on

which the wviewing section presents the sequence of
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reticle; a reticle agiustnent portion which facilitates digital
iHeld%ticle relative to the image, the

ght whic S representative of a position of a fire
I Wiyi@dj iatilngekshe gpositivangofseda arettbie tperdh tof fectisan to

of the reticle inrelation to the firearmbore. WO 2005/ 052494

view an image of a scene 1n association with a reticle; a
sensing portion for detecting movement of the viewing
section with a component approximately transverse to a
line extending from the scene to the viewing section; and
a further section for providing the user with information
based on the movement o©f the viewing section detected by
the sensing portion.

Still 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 porticn which facilitates éigital
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 zrelation to the

firearm bore.



7 PCT/ US2004/ 023664 BRI EF DESCRI PTI ON OF THE DRAW NGS A better understandi ng

of the present invention will be realized fromthe detailed description
whi ch folloms taken in conjunction with the acconpanying dramﬁngs in 5
whi ch: F| i,s, a bl ock di agram showi ng an apparatus which is a digital

rifle siyl ”WW&V*%hbodles aspects of. the present inveRGTORXEBHRE 27is a

diagrammatic view of a display which 10 is a conponent of the rifle sight
of FIGURE 1, as seen by the eye of a pefr’son using the sight; . FIGURE 3 is
a diagrammatic view of a swtch panel which is a conponent of the sight of

FI GURE 1, aggIg@ %@SC@%@T%O@'%@”?QE’&&A. ally operable swtches; 15
r

FIGURE 4 is i agrammati c agnentary side view show ng the rlfle si ght of
FI GURE 1 nount edaobetherbamddrstodn@ingf bé, taed stevdmg anbenesioghtwill

al i gnment deV|ce temporarily installed in an outer end of the barrel; and
FI GURE 5 isPg dieadrigftat§OWi Eaﬁoid%ﬁMedéaﬁmpéaonzowmcan fiodge's |

det ect or of rifle n b th a
reticle Sugé??ﬁpggéd0§%9nﬁgg?%§g§795Q>281 %@éﬁ@§5§9gggt028%52%55346‘
DETAI4 ED DEGERERTI ON FIGURE 1 is a bl ock diagram show ng an apparatus which
is adgital rifle sight 10, and which enbodi es

FIGURE 1 is a block diagram showing an apparatus
which is a digital rifle sight that embodies aspects of.
the present  invention;

FIGURE 2 is a diagrammatic view of a display which

10 is a component of the rifle sight of FIGURE 1, as seen by
the eye of a person using the sight;

. FIGURE 3 is a diagrammatic view of a switch panel
which is a component of the sight of FIGURE 1, and which
has a plurality of manually operable switches;

15 FIGURE 4 is 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 diagrammatic view of an image c;ptured

20 by an image detector of the rifle sight during a

boresight alignment operation, with a reticle

superimposed on the image.



aspects of the present invention. Although the sight 10 5 is sonetines
referred to herein as a "rifle" sight, it can actually be used not only
with rifles, but also with other types of firearnms, such as target pistols.

The si g@to Afspagbides a rail mount 12, which can fixedly ely
nmount the sight 10 on the barrel of a firearm 10 The si %ﬁ{]%’o?ﬁ%mdes an

obj ective lens section 16 of a known type. In the disclosed enbodi nent, the
| ens section 16 has a field of view (FOV) of 5, but it could alternatively
have sone other _fie view _The lens section 16 optically inages a renote

scene or t%?ﬁ%im@? D§§C§HIP§W| mage detector 18. In the discl osed

enbodi ment, theg det oy, 181bska ghakgancospbad gevige Y-+ £CD
array) of a knom%g?;g%e fWﬁi(:échahas 1, 920, oog dgt ect or n%fen%ntiﬁé ha‘::t1 each

correspondwhoch respectdvgipaielri ﬁleeaiziglntrag@ pr e@dcedhb;zht hemb odges

detector 18, and-which 20 are arranged as.an arr 600 det ect.or eI errents‘
by 1200 dRFBEEEF &ferdif sprﬁlﬁﬁé‘\'?er%‘f% tiMBge d@t ‘(’)Ei‘]h QLP

al tegnatively é{meesfm%%rw E‘BYI&IMn sl tablg- | éﬁe’sﬂg'?lff:' udipng a

device having a larger or, nunber of detector ements, or a type
of device @snotkenaliign Yoo Gﬁ:ﬁ)edrn'mt cuth asta @mnfi)l@asrenbmty Aletcal wiki de
Sem conduct or (CMOS) i nage sensor The m‘gge detector 18 pr oqc)illfjces a sequence

of digital OtReFortYrRge®Tof LLHE2EEENe FRCRame t HeE FquEHEF OFS
he. i scl o8 Briad ent b sckicas eol or { magés. "The'| nafiod courd = o
al t er nat i vekyubelynonochr aie istages, 1 0rohl abk dad el tef | anfesealine WO
2005/ 052494 PCT U2205014gg/19t23984 includes an objective lens section 16
of a known type. In the disclosed embodiment, the lens
section 16 has a field of view (FOV) of 5°, but it could
alternatively have some other field of view. The lens
section 16 optically images a remote scene or target 17
15 onto én 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 correspond to a respective pixel in
each image produced by the image detector 18,;end'which
20 are arranged as an array of 1600 detector eiements by
1200 detector elements. However, the image detector 18
could alternatively be implemented with .any other
suitable device, including a device having a larger or
smaller number of detector elements, or a type of device
25 other than a CCD array, such as a Complementary Metal
Oxide Semiconductor (CMOS) image sensor.

The image 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
30 image detector 18 of the disclose’d embodiment produces
color images, the images could alternatively Dbe

monochrome images, or black and white images. The



9 processing section 21 includes a processor 22 of a known type, and a
menory 23. The nenory 23. in FIGURE 1 is a diagrammatic representation of
the nenory provided for the processor 22, and may include nore than one
type of 5 nenory. For exanple, the nenory 23 may include a read only nenory
(ROM whwdh2omsnizadhs a program executed by the processaici?gs2oasomedsl as
data that does not change during program execution. The nenory 23 can al so
i nclude sone random access nenory (RAM én whi ch the processor 10 22 can
store data that changes dynam cally during program execution. The nenory 23
can al so include sonme sem conductor nmenory of the type commonly known as
"flash" RAMprolies!s sy resdotvacoassimehndys t hatprwiddssami peaidt i af knowhi on
stored in it through a power |oss. 15 Menory of this type is .comon|y used
in devi ces 5UPR astn@erormE¥ s 2Bor dTBEt HEMHer ad: 1TheF pFEREs S ngF scti on

21 further iyncludes a refaor ter 26 _of a know type i ch_is .capabke. of
taking an i%&é %Egﬁgﬁévgd%ﬁgﬁ%%éa?%gﬁﬁé%efégtg%e18aggﬁ 20F 8?3rnatt%§6 t he
i mge to a. thewdréesotsti on Wheh sy siidaide hereprasent ahleon @i aof

di splay that has a lower resolution than the inage detector 18. |nmages
proceSsed memomy.. r eformeeX@fP 26, artdisuppipsy t23 amdyspiaglddever readcuit

31, which in turn drives Q{ | or di§f|a¥ EZH In 25 the disclosed. e di nent,
t he col or dPE%VéV??@%IVS i i <& st aapgpfﬁyaﬁﬁﬁﬁa%fe&%ﬁﬂﬁéat Ye,
and has 7618@0 pi-xetsgbenents acranged as axeH rayael $30s elpneatsny 240

el ements. The.di'splay 32 could, however, have a larger or smaller nunber of
pi xel el emedugingr program execution. The memory 23 can also include

some random access memory (RAM), in which the processor
10 22 can store data that changes dynamically during program
execution. The memory 23 can also include some

semiconductor memory of the type commonly known as
"flash" RAM, which is random access memory that will
maintain information stored in it through a power loss.

15 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

20 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 ﬁrocessed
by the. reformatter 26 are supplied to a display driver
circuit 31, which in turn drives a color display 32. In

25 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

.30 could be any other suitable type of display device, such
as a liquid crystal display (LCD), an organic light
emitting diode (OLED) display, a 1liquid -crystal on



30 could be any other suitable type of display device, such as a liquid
crystal display (LCD), an organic light emtting diode (OLED) display, a
liquid crystal on WD 2005/ 052- 494 PCT/ US2004/ 023664 10 silicon (LCOS)
di splay, or a nicro-electro-mechanical system (MEMS) reflective displa

The si gh‘f”ol@“"?ﬂizl‘ﬁ'des eyepi ece optics 36 of a known tyd’é:T’W“‘&'%"zﬁ(é‘r‘mt t he

display 32 to be confortably 5 viewed bf\}/ an eye 37 of a person using the
sight 10 in association with a firearm % the di scl osed enbodi ment, the
eyepi ece optics 36 have an FOV of 15, but could alternatively have sone

other suitable;EQN. @ aAditioepidhe eyepiecenoplbcsldt ol e rtsdased
enbodi ment could 10 optionally be omtted for applications which allow a

person to dsystehy (VIEdMS)t heei spt aye 3@isptaya viewing distance greater than
about 8 inches, thereby enabli

n ortabl e VIeWII’l wthlittle e :
accomodat i on negﬁédsjfﬁﬂé stght %fé‘ﬁ (AEP B G c CRteShet &r © %, vﬁ%oé"f? has
15 an out pt@ﬁeup'@ﬁ %rﬂ{ﬂce%ﬂengd%%gya@n 2b I the dsgasebly

enbodi nent &’ accel er onBt er is a device” which can be obtained

commes ci al | yiasefardy nambwyéDXDlOdBf Br greveah ogsBeg ceke |sughtof 1Noriwnod,
Massachusetts. Al though the discl osed enbodi nent i npl enments the 20

accel er omet@FSATLIALARTY NE that 0§ 1 PEGF Bes ABXLHEE @esréesed; pabadidcEitonet er

41 could aléﬁénaéy}és’ﬁié’cge 5§@lﬁ§‘§‘3@%ﬁdha%t h 5 ANV QF heye ?%/Eablﬁugevdo%Qd The

accel eronet er m cro-el ectro-nmechani cal system 5) " devi ce, and
serves as aabhtgbhytdierdit ievsessae dhhtrcamidetisiod Foe. 25 Inelaaldivelon,smal |

shock mave_gggsgggg¥ggéFggi;égn%émof the disclosed embodiment could
10 optionally be omitted for applications which allow a
person to directly view the display 32 with a wviewing
distance greater than about 8 inches, thereby enabling
comfortable viewing with little eye accommodation needed.
The sight 10 includes an accelerometer 41, which has
15 an output coupled to the processing section 21. In the
disclosed embodiment, the accelerometer 41 1is a device
which can be obtained commercially as part number ADXL105
from Analog Devices, Inc. of Norwood, Massachusetts.
Although the disclosed embodiment implementé the
20 accelerometer 41 with the Analog Devices ADXL105 device,
the accelerometer 41 could alternatively be implemented
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
25 relatively small shock wave caused when the firing pin
strikes a cartridge within a firearm on which the sight
10 is mounted. 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
30 bullet or other projectile from the cartridge and

firearm.



strikes a cartridge within a firearmon which the sight 10 is nmounted. O
course, when the firing pin strikes the cartridge, it triggers conbustion
of the gunpowder or other propellant within the cartridge, so as to expel a
3D bullet or other projectile fromthe cartridge and firear 5/ 052494
11 PCT/ Y8238%Y52¥864 When the firing pin strikes a cartf?gﬁgz‘)%é%ggt put
signal fromthe accel eroneter 41 has a frequency spectrum which is
different fromthe frequency spectrum prdaduced in response to conbustion of
the material within the 5 cartridge. Consequently, the processing section 21

can distinguish shoc¢ ve representati.ve of the fir.li pin striking a
cartridge from a@h%%kt\ﬁ/&v lrré'ﬁ}ggsléﬁfli g - Dt hEF %@%n??kgﬁ h as

combusti on WitdHan ar r6AT Lhed@c U r SYAFP) 41t BE PlOCESSINGN EGCEHERL 2hmcoul d
10 apply a fast Fourier transform (FFT) to the output of "the ~actcel eroneter
41, filter owutidh egeentyf Lonponerftromhibh farenoensy depedtmguencydband of

approximately 5 KHz to 10 KHz, and then |l ok for a pulse.in the energy
between 5 K §ﬁﬁpﬂflsl€-lz.t°15c‘?ﬁ‘gucsd:r%t'i°§n hi A I‘?gl@&rtl""il&g‘énpr?)gﬁces a

shock : wave bd whi i | qngler f.emgnid ud arges; thap the
shock “wave ;ﬁ)rﬁjce% mhen‘?ﬁ%é??'?lg}r%gigi'n str?lfg)scet he céartreicctiée.El ‘?‘Le

accel eronet efistdindiassihhe sherk twand yrape bandetdive reeddde t Didetgcpin
the" relatively 20 small shock wave which i s produced when the firing pin

strikes the S&HIRGed ST ESThasT PRe 2dFRIFF i V§VRedtRRFesenting some

"other type of event, such as combustion ‘within a
cartridge. For example, the processing section 21 could
10 apply a fast Fourier transform (FFT) to the output of the

accelerometer 41, filter out fregquency components which
are outside a frequency band of approximately 5 KHz to
10 KHz, and then look for a pulse in the energy between
5 KHz and 10 KHz.
15 The combustion within the cartridge produces a shock
wave or rzrecoil which is severaly 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

20 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. .

25 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 1s available commercially as part number

- 30 ADXRS150 from Analog Devices, Inc. Although the
disclosed embodiment uses the Analog Devices ADXRS150



to withstand the nuch | arger shock wave or recoil which is produced by the
ensui ng conbustion within the cartridge. 25 The sight 10 al so includes a
gyroscope 43, which has an output coupled to the processing section 21, and

which i e[4,§¢, to here as a rate gyro. In the disclqggg Lhent, the
rate gyr%‘& mﬁgaiﬁplenented with a MEM5 device which is avg§ﬁg§ﬁ§hqe

commercially as part nunber 30 ADXRS150 from Anal og Devices, Inc. Although
the disclosed enbodi ment uses the Anal Devi ces ADXRS150 WD 2005/ 052494
PCT/ US20041023664 12 device, it would alternatively be possible to inplenent

the rate gyaev4deW tit apyuotihesl sethablecUevime. poeitate gyr o vl dnfercapabl e
of detecting angular novenment of the sight 10 about a not-illustrated
vertical 5thgisahhi Bhrios 4Spatdd: faoyn ehee¥ afdl§plod 4Zlewhes, the rate gyro

43 is a highly sepsitive device ich is _effectively,capable of_ det.ecting
movenent of the g\n‘ﬁhtr?ﬁ)e !W%ﬁ’r\ggi 8ﬁs_cfall%arllbs§%r s%]‘gt cc)jegt_%%&??l L?srfgrlg_taerd
center |inencPbmbhe oY edld veidensi1seabioar E6.ndH- Theusiehic k0 w80 daicl udes
a renovabl e nenory card 46 which, when present in the sight 10, is

oper &t i vel yaxssuplhd@ht ol shenrascbssirag $dvt i BAt21.9¥%0 t K -di sThysed the
n i gi tal EahEr Y Povter it “wol A1E FEOPRACI Vel S BE BosSII e 1 § e
any other syftabtevelovicepdire the nerpy¥abhg MRRINeSAr §£48heThe itghto 10
includes a battery 51 which, in the disclosed enbodinent, is a repl aceable
battery of ankdowactions transverse to a not-illustrated center line
éf the objective lens section 16.
10 The sight 10 also includes a removable memory card
46 which, when present in the sight 10, 1is operatively
couplea to the processing section 21. 'In the disclosed
embodiment, the memory card 46 is a memory card of the
type commonly used in digital cameras. However, it would
15 alternatively be possible to use 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 alternativel& be a
20 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
25 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
30 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



type. However, the battery 51 could alternatively be a 20 rechargeabl e
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 pl\YPAWYYF26H manual |y 25 operable switches, incl RETAPSEWBMS switch
.57, and including several 'other switches 58-65 which are each coupled to
t he processing section 21 and which arel3discussed in nore detail later. The
battery 51 and the external power connector 52 are each coupled to inputs

of 30 the p r pich s, o] | teh B0 r eciyvaly .
act uat ed an%%e%%&é%%eﬁ?t respéeé(;t[e?ge},? %\grm?g%ar% I t:’%?ug%yél%fllosw of

current frofisbesbkatt eryt W 2005L052404ht13 RCT/ US2004/ 023664 Skeand/irass t he
connector 52 to circuitry 71 which is disposed within the sight 10, and
whi ch requi®E8CtEREadr IRAMCHohBr ARGt de? PBEFFECat e. THife €FFEURERY 71

i ncl udes the_j d t essd ng ct] . th J ay
driver 31, ?%%ﬂggggrggggpﬁg$' 2,&EﬁgeEgchf%?oﬁgg%rb%%égégg? t§*g$§§%h3,
and tshe menpry taes d AGplHE SirdRlerl03al scchaclasiesr a Cosmeayor3Bl whech is
coupled to the Erocessing section 21. The connector 81 10 can can be used
to upl oad iFagelaaPReseTVi do daNE f AGHhS h@YEight4310 t3ng néhls | MeS9Tat ed
conputer, as, &s gssed later. In addition, the connector 81 can be used to
downl oad an“electronic reticle fromthe conputer to the

The sight 10 also includes a connector 81 which is

coupled to the processing section 21. The connector 81

10 can can be used to upload image data or video data from
the sight 10 to a not-illustrated computer, as discussed

later. In addition, the connector 81 can be used to
download an electronic reticle from the computer to the

sightl 10, as also discussed later. In the disclosed

15 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

20- 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,
25 through which video information can be transferred from
the sight 10 to an external device, 1in a manner
conforming tb an industry video standard which is
commonly known as the National Television Standards
Committee / Phase Alternating Line (NTSC/PAL) standard.
30 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



sight 10, as also discussed later. In the disclosed 15 enbodi nent, the
physi cal configuration of the connector 81, as well the protocol for
transferring information through it, conformto an industry standard which
is commnly known as the Universal Serial Bus (USE) s . ver, it
woul d al“f(g?%’a’f("r’yél‘y be possible to 20 use any other sui ng}lig&?)%)e '\gf
connector and conmmuni cation protocol, s gh as a standard serial connector
and comruni cation protocol, or a standard™ parallel connector and

comuni cati on protocol. The sight 10 also includes a further connector 82,
25 t hrough wdi ehb¥iedeaypef obfiat conneanohe t pamsf emfed-atoiwn t heowlghtbd0 to
an external device, in a nanne conformng to an industry video standard
which is dﬁﬁﬁﬁﬁﬁ?rﬁﬁﬁvnt%§oPﬁé NHiiéﬁﬁorﬁgﬂébi§ana§Vaﬁﬂ%P%E. oAt tee /
Phase Al ter%fxgiéggogi_ne (NTSC/ PAL) standard. 30 In the disclosed enbodi nent,
t he connect’or IS a standard conponent of the type commonly known as an
RCA jack. HowevBIGURE cbulid & t@ragtavmebyibe ~aigwoblierthWD 206H18F2-404
PCT/ US2004/ 023664 14 suitable type of connector, and information could be
trandferredBEhiSesgh PY ddt®r 8¥Rg 16 Sy dt PETSQR t ABPEINS ok BESHILFITRRE 2

is a diagr k ie f, e~gis y - se by t eye 37

person | oo%%%rcéug\lg{p?ﬁg@efegpi (i:-lﬂcf‘gl o‘%%f cséﬁgﬁ%f ?Eé Si gﬁ?l 1%‘. I?hr?xg‘{an%r mal
oper at i onal opedet ibhaldinsplay BRepriasssiisy a3 ewwedethe ascehew1df ahe
captured by the i mage detector 18 througrt; the objective |l ens section 16.

The scene 1SCgRes as captured by the image detector 18 through
the objective lens section 16. The scene 17 is shown
10 diagrammatically in broken lines in FIGURE 2.

The processing section 21 superimposes on the image
of the scene 17 a reticle 101-105. In the disclosed
embodiment, the reticle includes a small center circle
101, and four 1lines 102-105 which each extend radially

15 with respect to the circle 101, and which are offset by
intervals of 90°. The reticle 101-105 1is 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 ,memc;ry 23.

20 The reticle can have almost any configuration desired by
a user. In particular, a reticle with virtually 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

25 the .Internet, and then downloaded electronically in
digital form through the connector 81 into the‘ memoxry 23
of the processing section 21.

"The processing section 21 takes the reticle which is

currently stored in the wmemory 23, and digitally
30 superimposes the reticle on images that will be sent to
the display 32. In FIGURE 2, the reticle 101-105 has

been superimposed on the image in a manner so that it is



10 diagrammatically in broken lines in FIGURE 2. The processing section 21
superi nposes on the image of the scene 17 a reticle 101-105. In the

di scl osed enbodinment, the reticle includes a snmall center circle 101, and
- four lines 102-105 which each extend radially 15 with respect to the circle
101, andVRAPEASAd of fset by intervals of 90. The reti BFEUSBNDIN61 s 4
digital imge, which is downl oaded into the sight 10 through the USB
connector 81, and which is stored by théSprocessing section 21 in a
non-vol atile portion of the nmenory 23. 20 The reticle can have al nost any

confi gurat icger}é e L8 CHAn0Y hed H8851ay N3par tigllh@era 1eld Glos W 1dn Vishtual Iy

any desire Iguration can be created by the user ip a separate
conput er, dahebtatiedl &y ddpearser dir omhiehe dsisgiitay nareuf aetngr et hos athhird
party through a network such as 25_the Internet, and then downl oaded

el ect roni c&ASF FHPR i t &PSF of AF £ Rl Bugh®t AE1¥6nnket ofP81 HTRY t e nkfiBry 23
of the pr O%Q:%%é'gilﬁ?mc'a%nﬁhat s@é@cgﬁs'ﬁ%éﬁxgékp%'ﬁ%ﬂ akesgtherfgLicl e

which is currently store e nmenory 23, and digitally 30 superinposes
the seticl dadrermages that will be sent to the display 32. In FIGURE 2, the

reticle 101-105 has been superinposed on_the inage in a manner so that it
i's WD 2005/ 152494 PCPFOSSE64FG2 564 1A% ¢ éntéied2 bRt FRASIRRSS 25 Bvever ,

the posi ti aaflef Snat NEREELIELS APREA!HON: Higlio! Ao 32caad hus the
position of the reticle relative to the Image of the scene 17, can be
adj ust ed | nha sranegramhi chhies deseri besft 5 datmeer of the display 32
includes a windage or azimuth adjustment wvalue 111. As
10 mentioned earlier, the position of the reticle 101-105 on
the display 32 can be adjusted, in a manner which 1is
discussed in more detail later. The windage adjustment
value 111 is a positive oxr negative number which
indicates the offset by which the reticle 101-105 has
15 been adjusted either leftwardly or xrightwardly from the
centered position shown in FIGURE 2. The lower xright
corner of the display has an elevation or pitch
adjustment wvalue 112, whi.ch is a positive or negative
value indicating the offset by which the reticle 101-105
20 has been adjusted either upwardly or downwardly from the

centered position shown in FIGURE 2.
The upper right corner of the display 32 has a
Eattery charge indicator 113 which is divided into three
segments, and which is used to indicate the state of the
25 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

30 will progressively decrease.

The upper left corner of the display 14 presents an

image count value 114, which relates to the fact that the



The processing section 21 can al so superinpose sone additional information
on the image of the scene 17. In this regard, the lower left corner of the
di splay 32 includes a wi ndage or azinmuth adjustnment value 111. As 10

menti on Ligh, the position of the reticle 101-105 Sofskliay 32
can be a jOE@E)‘e/gF,%4f4n a manner which is discussed in mrgbgél§%1ﬂ% at ér. The

w ndage adjustnent value 111 is a positiye or negative nunber which

i ndi cates the offset by which the reticle 101-105 has 15 been adj usted
either leftwardly or rightwardly fromthe centered position shown in FlGURE
2. The | oweprocgssingoraeftobnt el dirspl &Fdres amagkévain ofher penetable

adj ustnent val ue 112 \fgni ?E i's an Si Ll ve or lréea%al;i ve al ue_indi céati ng the
of f set by W he SREH TR 1A% 1 %%Sas béen adj ust &d%ei %ﬁ%geupv%? y or
downwar dl y fiomet hier4 ceat ened Rpstd t 0Hn SBOWROW TR JREGA ] tERkmalppaiadéd ght
corner of the display 32 has a battery charge indicator 113 which is

di vi ded i nt ¢aphriee stogesht 31 4tk whhohefls apaee t ohiisdl caewaihe stidtleinof the
25 battery %11_1 Inﬂg}articul(ir when the battery is fully charged, all -three
segments of —1e MEMRAt &§3F Thafye indicator 113 are highlighted. Then, as

the battery 51 hegomesPreaness vebyrdoschargednet hgiBpgnher ob sggeernds of
the battery charge indicator 113 ich are highlighted 30 wll

progr essi velppdegreeasede THardippeiotefltl Scoraed ¢f Theigisppap detpasians an
i mage count .val.ue, k114, glréi‘ch_ r hat es touthe ‘Tf\éal t tlhr? itQ V\Q%Q?S/S 502w494
PCT/ US2004/ 6256688 proessi ng SectTBR YT St or'd |%a§8§ in the 1Efbvabl e
which of two capture modes is currently in effect, as
10 discussed later. The firing pin detection indicator 116
indicates whether or not the sight is currently enabled
to detect the firing pin striking a cartridge, as
discussed later.
The bottom central portion of the display 32
15 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 discussedvlater. In the central portion!of the
20 display 32 i1is an angular error indicgtor 120. The
indicator 120 1is a «circle which is iarger than and
concentric to the circle 101 at the center of thevreticle
101-105. The diameter of the indicator 120 is increased
and decreased inlresponse to variation of a particular
25 operational criteria, as discussed later. Depending on
the current mode of operation of the sight 12, the
reticle 101-105 and the various indicators 111-120 may
all be visible, or only some may be visible.
FIGURE 3 is a diagrammatic view of the switch panel
30 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



menory card 46, as discussed |ater. The image count value 114 is an

i ndi cation of how many additional imges can he stored in the unused space
which remains within 5 the nenory card 46. The top center portion of the
display 32 has a capture node indicator 115, and a firing pin detection

i ndi cat oV AIBSOME capture node indicator 115 shows whiPEH/6R200423e6pt ur e
nodes is currently in effect, as 10 discussed later. The firing pin

det ection indicator 11G indicates whetHer or not the sight is currently
enabled to detect the firing pin striking a cartridge, as discussed |later.

The bottomf@ﬂb&@knpg@rﬁ%/i,ora@cﬁ the whisph ay132rnby vl pdes asoaui9ber esi ght
alignment indicator 117, for a purpose which is discussed later. The left
and right w$elesooherhetdPspl a9fl32swaslkhisave @Nbreow 128 arrange whheh
serves as a_respective viewindicator faqr pase ich is discussed
later. In the gh??aﬁ%pﬁwqiﬁf%ﬁe?ﬁecﬁﬁ &ﬁ%ﬁ%ﬁ}%ﬁ?isﬁgﬁ éﬁﬂﬁﬁrsg% 85
indi cator 129.hdbealiradtgabeenl 20 dSudedd r&bevehi ehd sid aferetbas apd
concentric to the.-circle 101 at the center of the reticle 101-105. The

di am&t er ofdisreuspeiicageiniReres increased and decreased in response to
variation of -a particula per ati anal critghia, as _discussed | ater

.25
Dependi ng on t ScurW8H%lﬁBS of HiTon of *the GG TPTEhe reficle

101- 105 and(theuNaripusid nebeataless dil-defe-8B¥ngald ReHIST Rlate OGnOBLY sone
may, be visible. FIGURE 3 is a diagrammatic view of the switch panel 30 56,
and shows ezetunt tweemardd | ¥ iogerabbénswofchebe 57igsawh chtarviéesr esent in

the Smntch(panel. gé.TheSuccessive manual actuations of the detect

artri

10 switch 58 alternately instruct the processing section 21
to enable and disable this detection feature. When this
feature is <zrespectively enabled and disabied, the
detection indiator 116 is respectively wvisible on and
omitted from the display 32.

15 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

20 generated by the image detector 18, which collectively

| form a wvideo clip, and store these images in. the memory
card 46. Successive actuations of the mode switch 59
cause the processing section 21 to toggle betﬁeén these
two operational modes. When the mode for storing video

25 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.

30 First, 1if 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



types of switches and their arrangenent on the panel 56 WD 2005/ 05249-1 17
PCT/ US2004/ 023664 is exenplary, and it would alternatively be possible to
use ot her types of switches, and/or to arrange the switches in a different

conf i gurwig 9s/ybhey power switch 57 has al ready been di seussedoalosg, and is
therefore not 5 discussed again here. As nentioned earlier, the

accel eroneter 41 (FIGURE 1) is capable detecting a shock wave which
occurs when the firing pin of the firearmstrikes a cartridge. Successive
manual actuations of the detect 10 switch 58 alternately instruct the
processi ng eéctthdrs Zvernto keyabksiaad ajiitsfsebi eat hisgdet ectagn deatuneidathen

this feature.is respectively enable and di sabl e the detection indiator
116 is resp@gtl?ve}? Vi§ bMETGF Yan§2 L6 £ ed ?B%?gﬁ’égdl%%l Hpeheys r}HE one

operat | onal cgpdey ot NCRLOCEATERY S86L1 031 o0 hesl gilidD qaf { i

si ngl e i mge enerate by the 1nmage detector 18, and store this imge in
the renobvabkeitonasy Tar thd6 imagea d.hﬁtfxm@andﬁeloatltdrml virdde, dapEure

processi ng section 21 can.take several successive . "imges 20 gengrated by
the itrage dBPEEror 1B, Wikt checdN@EEY thdfrm §1PCBe cY1PSCafd 1Bt dre

these images idu e, MBRDIY AL $fagSUcCessi g, acl ual 4085 afid henmde,

swtch 59 cause the processing section 21 to t ggl et ween ese
oper at i onal mendey. dMred t4te wddeée ftoakest ap ngeveded 25imébpsthes rseopectd vel y
enabl ed andsdl sabl edatthﬁou%eée tei o]r_le hggle tot[-OllsSaq\ll_g rées%elcr}llveel %m\gi sei.bl e on
and onittedSPRFEmt d g S
After savir\lg an image or video «clip, the processing
10 section 21 adjusts the image count indicator 114
présented on the display 32. 1In particular, 1f a single
image is stored, then the count wvalue 114 will simply be
decremented. On the other hand, if a wvideo <clip is
saved, the value of the indicator 114 will be reduced by
15 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. Whéthé_r the
20 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

25 current output of the image detector 18, and then saves
this image or 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

30 images or video clips stored in the memory card 46.
The zoom control switch 63 1is a rocker switch.

Pressing the upper end of the switch 63 increases the



the display 32. There are two types of events which will cause the
processi ng section 21 to save an inage or a video clip. . 30 First, if the
detect switch 58 has been used to enable detection of the firing pin
striking ttridge, the processing section 21 will r ch
detectioxﬂbé®§®6%ﬂ852494 PCT/ US2004/ 02366-1 18 of this §§§ﬂ€9@§3@§@ﬂng
either a single inage or a video clip inthe nmenory card 46, dependi ng on
whet her the capture node which has been sel ected using the node switch 59

is the image capture node or the video capture 5 node. it will be recognized
that, sincezaowmi déactdrp iand perisesiygf séeerbbwernagesi SwdrERsevi dée clip

inthe nenory card 46 will_take up,several _tines the storage space .that
woul d be refdtte _accif%%ve ah_%i ﬁg‘Fe Cilﬁwse% teg_ﬁjosd;\ﬂ?fbtantg‘ﬁagég%‘}‘ vicdeo
clip, the PE8RE28LBAL 0 g Cld hodfll UpkSm! N | IROC4ROUNLE NG Cal g1 b4
presented on the display 32. In particular, it a single 1nage is stored,
then the coahtevabuévild vbél igmilyl e todeasenment edn -Qortthienwiueer zband, | f

a video clip,is saved, _the value of _the_indicator 114 will be reduced by 15
an anbunt wWiteR c®PYeEpéndIiE6TERE nLRBELSof RREGEE | FOMhe AHYo €PPR. The
ot her event ich w ] i ecti t: ne .L.page or
a video cl i%é{\fli‘ggmﬂyﬁeﬁg%ﬁzgagpgﬁﬂgg%ﬁgﬁ(%pﬁrJgéS\%Bte%hlatéjﬁﬁgt %er%o't3 e 20
processi ng Sactopn @l 4Avesa. ity eporageroria wxeoececedp filsomlepantient on
t he capture, node which h%thgen selectegeusing the node switch 59. Wen the

capture image produce the image tectdr 18, where the center
| portion has a size of 320 by 240 pixels. This center
10 portion is then displayed on the color display 32, with

each pixel from the center portion being mapped directly
on a one-to-one basis to a respective pixel of the
display 32.
When the zoom factor is at 1X, the reformatter 26
15 essentially 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, andkthéh maps
20 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
25 pixels, divides the pixels of this center portion into
mutually exclusive groups which each have 9 pixels
arranged in a3 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
30 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



switch.64 is manual |y operated, the processing section 21 selects either a
single image or a video clip fromthe 25 current output of the inage
detector 18, and then saves this image or video clip in the nmenory card 46.
As mentywonrds,eandd er, a separate and not-illustrated Bbh1/5:38,0e
coupled to the connector 81, and the processing section 21 can upload to
that conputer the 30 inages or video cIé&s stored in the nenory card 46.
The zoom control switch 63 is a rocker swmtch. Pressing the upper end of
the switch 63 increases the WO 2005/ 052494 PCT/ US2004/ 023664 19 zoom f act or,
and- pressi ngndde ldawerctend dexy easgxddres zaocoaehaetorpornibvhe lkisthgsed
enbodi nent, the zoomis continuous and can range from 1X to. 4X, but it

woul d al t ¥ i R y 3RO Pos il e Riuse £hol-ConBiintfo® zéaolrﬁJSi% t FhSever al
discrete | gﬂéls angy Ortlfi@e c%trg)egr. Z%%Ttiroq{‘g‘i'nt\éheﬂxutt@%ﬂfc'e%%ﬁ?xsﬁ%set em1s
or of , a

operating a zoom fac a‘center portion I's extracte romeach
i mage produgesupy e dhirmgadiet eetver 48piwkdre theagenider inpait Rorbha a
size of 320 by 240 pixels. This center 10 portion is then displayed on the
col o5 di spl BE™BL widerageh MXelintedmalid eenttdie pbr tPdHRehE| r‘@fv

directly o ne-10-qne is t ti i xel . of | sp 32.
When t he zo%n?fr'gc%)lﬁgi % a?B@(l,Lgt ﬁ%l;%é#l(;%?n%t%%gig' %gdce)sts%n |I§]g#3§/ 'Iteg)légs an
entire inmagstf e t belethgeedet pekels 18 @ vicdepeidid va xebsrekpbhdt ngrage

into mutually exclusjive groups which each have 16 pixels arranged in a 4
by 4 for matPi%Rerafessr digPdpolB es the 16 pixel s of

In the disclosed embodiment, the zoom from 1X to 4X

10 is continuous. When the zoom factor is between 1X and
2X, between 2X and 3X, or Dbetween 3X and 4X, the
reformatter 26 takes a corresponding portion of an image,
and then groups, interpolates and maps the pixels of this
portion into the pixels of the display 32 in a manner

15 analogous to that discussed above. Although the zoom in
the disclosed embodiment is continuous, 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. .

20 With reference to FIGURE 3, the reticle switch 65 1is
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, 1left or
right. Each time the upper side of the switch 65 is

25 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 the reticle 101-105 to be wmoved upwardly by a

30 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.



each group into a single calculated pixel, and then maps 20 each of the
cal cul ated pixels to a respective corresponding pixel of the display 32.
Simlarly, when the zoomfactor is at 3X the reformatter 26 essentially
takes agvbg@g {‘8n1the i mage detector 18, extracts a center portion having
si ze 0 out- 950 pixel s by 720 25 pixels, divides thECE“§€F§m6$6ihls
center portion into nutually exclusive %roups whi ch each have 9 pixels
arranged in a 3 by 3 format, averages of-iinterpolates the 9 pixels of each
group into a single calculated pixel, and then maps each of the calcul ated

pixels to éu?nflla%aﬁ/zc“ g C@lﬁéesﬂ%@x”g éaa@' 85? ”&%ed' SO, 8y 132 695 istill

anot her exa e zoomfactor is at 2X reformatter

essenti al | actaheszdf r onln@n retaige] & r let—he)ﬂ/\mﬁowj)ﬁtﬂf@é %MMOE@GM 20
i mge detector extracts a center portiaon haV|ng si ze of about 640

pi xel s by %86 ﬁ?&%¢%teBW%P8€% rpgbep; dl sPafetlii sWakht ekepBEEFortq nEBe

nutual Iy exglLusive ;-9roups which q%ﬁﬂﬁhﬁ%§ 6a@h.elfl%rﬁﬂpgggckgmén@egy 2 5

format, averages-or 1nterpol ates % I xel s of each group Info single
cal cwl at edspimigébrignd sbenamdpsn each tk@é tikef tcabaul at gl tpi xedé tof athe
respective correspondlng pi xel of the display 32. In the dlsclosed

enmbodi ment SWihehzobfm f FERMSER t GheX PEFMQQQXH&Q%Ub9§ YWRenPEheaddoRT Ract or
5 e e D oBCIES F NG B & DELRRA DY Dile of
i nterpol at psxabe napsthie cﬁ)i.‘prLSyOfiag;Iﬁl andpotdnoasi rttloegt el rigiaxed er@Iguéhg ’
display 32 in a manner
111 in the lower left corner of the display 32 to be
10 either incremented or decremented.

As mentioned above, the sight 10 is capable of
capturing and storing sinéle images, or short wvideo
clips. In order to view these stored images or clips,
the user presses the view switch 62, thereby causing the

15 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 videobclip, the

20 arrow 119 will be wvisible 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 left'side of the reticle switch in order to

25 move backward through the images or wvideo clips. The
view indicator 119 will be wvisible except when the user
is viewing the last image or video clip, and the view
indicator 118 will be visible except when the wuser is
viewing the first image or video clip. The view mode is

30  terminated by pressing the switch 62 a second time, which

causes the sight 10 to revert to its normal mode of

operation.



15 anal ogous to that discussed above. Although the zoomin 20 the discl osed
enbodi nent is continuous, it would alternatively be possible for the zoom
factor to be noved between discrete zoomlevels, such as the four discrete

zoom |l e )15, 2X, 3X and 4X Wth reference to Fl GJRERq20diMB:dcgt1 Cl €
swi tch é@b?g&"ﬁ}ééur-way switch, and any one of the upper, l%ower, left or

ri ght sides can be manually operated so as to respectively indicate a
sel ection of up, down, left or right. EBe#ch time the upper side of the
swtch 65 is 25 actuated, the position of the reticle 101-105 is adjusted

upwar diy with 1epREChabde! NG SBUAY B2, 6 ANdlUSe Woe - JEAPOED tehdificy | age

of the scene 17 i's presented on the display such actuation
of the swi taohd 65icalsles the réfispleylOd£108nt cabhguhvvedeupoar dtytby aas 30

predet er mi ned nupber of pixels, and the elevation value .112 in the | ower

ri ght cor nétSted h@Ydi st af 232 i SYTPn&enent®d PRIESHHIRE t FUERET Sith

adj ust nent . EF\?% 05 4 PCE U 04/&%-3@%]4 Emolgehy, if et alt%’lﬁf si de
of the sw trr(\: %Pi ségtg%%gé?é%, '?Ee rgglt%l cle 101-105 is 'reLl jiustaé%%glmm dly by
t he predet errmaliesl andbeli sefbol@ xteh $s WMflhateispect Waerheeh il sphaytisdn amd t he

el evation value 112 is decrenented. 5 Simlarly, actuation of the left or
right side GYSRRREIEEY cheBBPEgHsegnthe Histakled101E865 RHINE 3] (FHRAF

L?LLY’ZL%,%# '%éa%is‘"g?%é%r% gegé%faf%g’ g4 NYIRETo P andl XRLE £ Y Hiom
the display 32. When this function is enabled, the
processing section 21 monitors the output of the rate

10 gyro 43. Typically, the user will be aiming the firearm
and -attempting to keep the reticle center 101 accurately
centered on a portion of the scene 17 which is considered
to be a target.

If the user happens to be holding the firearm very

15 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,
Ehe processing section 21 will present the indicator 120
as a circle of relatively small diameter, in” order to

éo indicate to the user that the firearm is being relatively
accurately held on the selected target. On the other
hand, if the wuser is having .difficulty' holding the
firearm steady, the rate gyro 43 will detect the greater
degree of angular movement of the firearm and sight.

25 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.

Inl the disclosed embodiment, the change in the

30 diameter of the indicator 120 is continuous. In other
words, a progressive increase in the amount of angular

movement of the firearm and sight results in a



111 in the lower left corner of the display 32 to be 10 either increnented
or decrenented. As nentioned above, the sight 10 is capable of capturing
and storing single images, or short video clips. In order to viewthese
stored i\gﬁgﬁﬁ_ 19424&4' ips, the user presses the view sw tGir6gs b heh&RY

causi ng e ‘“Eﬁ‘processi ng section 21 to stop presenting i mages of the scene
17 on the display 32, and to instead present either the first still image
fromthe nmenory card 46, or the first video clip fromthe nenory card 46.

If the nmenory card 46 contains nore than one inmage or video: clip, the 20
arrow 119 wilohe ad 8§Dl 6 40 d sk cate thal HREsYr C¥F Pke hapvwerdor

t hrough the i mages or video clips. The user presses the right side of the
reticle sw tielh .65 Convedeelyt oanpredie fdie medtcsaacessivet igngmoont viodeo
clip, and presses the left sid oéﬁth#e,reticle switch_ in order to 25 nove
backward th AheMPHEGES oroYi 88 cFiPEATFhe i &I Hdi EESOH EFLG M A be
vi si bl e exc g@ggb | S. Vi:ew t hg. i o] i d o nd

t he view iggﬁéator %ﬁ% $?f$r %gaiéi |§g§;C§5F§§%§%ﬁ?%§ u§§¥!igﬂd§F§%Pﬁg t he
firstsSinmgela@o.vi debeclispr Wiel Vi ehngodadea 3 tteo msnateetk byt pe essiiggetrhe
switch 62 a secq_{n?g %i me, which causes the si%ht 10 tQ revert to its normal
nmode of op&fatiféh. LIS 20057552488 1PET/ATS00AF 095664 B THet ARyPe CRREET

switch 61 capibe ORSLALEHeOLANRRLE ¢ hewhie dirab! AyaPEapB 2094 ar

g iR
error rate, as sense %y the' rate gyro 43. Tn particular, successive
manual actuakisons ofelbeiswiltchsfidl | Hialkbeerat eby indicate that the

firearm is currently being held very steady.

10 The remaining switch 60 on the switch panel 56 is a
boresight switch, which is used to enable and disable an
autobofesight alignment mode. When this mode is
respectively enabled and disabled, the autoboresight
alignment indicator 117 is respectively visible on and

15 omittéd from the display 32. The autoboresight alignment
mode involves the wuse o©of an additional ©piece of
equipment. In particular, FIGURE 4 1is a diagrammatic
fragmentary side view showing fhe digital rifle sight 10
mounted on the barrel 201 of a rifle by the-faii mount

20 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

25 platelike body 211 and has one end fixedly secured to the
lower end of the body 211. 1In 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

30 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. 1In



5 enabl e and disable this function. Wen this function is respectively
enabl ed and di sabl ed, the angular error indicator 120 is respectively
visible on and omtted from the display 32. Wen this function is enabl ed,

the progesHvfg9ection 21 nonitors the output of the raieEr/d§09ynRed3.
Typically, the user will be aimng the firearm and attenpting to keep the

reticle center 101 accurately centered on a portion of the scene 17 which
is considered to be a target. If the user®happens to be holding the firearm
very 15 steady, the rate gyro 43 will detect little or no angular notion

of the sighteykD andsdiesLir eanmafheh, OLGE WordSmeki thhg OF snauLgansyer se

noverment thereof. Consequently, the processing section 21 wll present the

i ndi cator 1Zhblsra biutcli ofoukd atilverpasmaidl Wi beetrerde | of osdere tar 126

indicate to the user that the firearmis beépg rela ivel%/ faccuratel,y hel d
S

on the sel ecgt%’pt? GelM2tGF ke ot H&E FaRBTCFf 2_t3h% FRARGRF UGG Eul ty
hol di ng the s fiifeatmsyeady,; phe Jale IW: 451! Etoéetaecctiééwm%@ét &hd,

degree of angul ar novenent of the firearmand sig 25 Consequently, the
processi ng secti drhelfwalslk odicsyilcayt tsherfaaei 2avopeh2ii ve t hhe KHanvgere 206

di aneter, thereby indicating that the retic¢le_center 101 is not being held
on the tard& BE Heed ady %SV%&FBYbé’fde‘ngfgﬁFéntl i ¥BRS dPScIfdssRrms

embodi ment , 1R chapge dd Lhe 330 diamet gf s the ppdigator 420 ifrrace
continuous. I'nother "words, a progressive increase In thé anount of angul ar

novenent of 2tk enseares antlasi ghite r dsfitt send ao¥\O 208- Sdd 524924 will be

PT S2004, O o R P £5°1 S, L DR 8208 e FRE AL ET Rle e L e,

10 such firearm. The magnetic forces generated by the right

end of the rod 213 act approximately uniformly in all

directions, thereby causing the end 213 of the rod 212 to

be accurately centered within the bore 202. In this

regard, the device 206 is designed so that its center of

15 gravity is in the region of the end of the barrel 201 of

the firearm, which reduces the centgring forcé iequired

of the magnetic field. As a resﬁlt of the magnetic

field, the device 206 automatically orients itself so

that the rod 212 is accurately centered withi and thus

20 coaxial with the bore 202, and so that the platelike body

211 1is oriented to be accurately perpendicular to the

axis of the bore 202.

The upper end of the body 211 has a zreflective

surface 221 machined thereon, the surface 221 béing

25 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

30 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.



120. Conversely, a progressive decrease in the anobunt of angul ar novenent
of the firearmand sight results in a progressive decrease in the dianeter
of the indicator 5 120. The user will thus endeavor to squeeze the trigger

of the firears o point in time when the reticle center ' ntered
on the t‘?P?@{’%’g‘:‘wﬁ' when the indicator 120 has a relati \?&W@M@Nﬁamt er
to indicate that the firearmis currently being held very steady. 10 The
remai ning switch 60 on the switch panel 5 is a boresight switch, which is

used to enabl e and di sabl e an autoboresi ght alignnment node. Wien this node

is respectively_enabl.ed and_di.sa he aut oboresi ght _al i.gnment

i ndi cator 117 isIPegggfﬁig%?ﬁrgrsﬁbﬁgng% gngg%SQoﬁfﬁ?gﬁa?g%ﬁﬁghggﬂ?gpng 32.
The aut oborgsi ghtgal imeRkptilds ikyokwes ihegdsectfe @oaddist iningi gce of
equi pnent. In parficular, FFGURE 4 is a diagrammatic fragnmentary side view
showi ng t hebaigeightrigligringht rrenedumed ol tfe Untriele20P1ofl 4 rhaFe by
the 'rail qgunt 20 12f‘£h8 b%;rel 2t1 has 2 gorf‘ﬁo exteﬂdiqg throu?h-it.

A bor esi ght P& gritEAt - 48V PEE 92087 st EenpoPa?TI yv* f hst BY 1 et CatPYAe Bure? end

of the barrgler78g devi caecdOGimsl udesya phat atdkecpady 0dlh,oants ashown
cylindrical rod 212 which extends perpendicular to the 25 platelike body

211 an d hasnore endtfireed| posetdred twithe nowet st off athewbodpa2l 101 n
t he discloseﬂ engodinent the body 211, and r.od 212 are_eac made of . netal,
but they couf¥arPBrnati¥el Wssen&oéé ot PSORESt Her TSG-ERHE S e R FAPY The

rod 212 extgpss goneentyd cahly imabe tha- S0:-ber ¢ s202 ofctkheckidd eodarres 201,
and has an outer end 213 which iS magnetized. A frustoconical grommet 216
has itself by the reflective surface 221 on the boresight

10 alignment device 206.

Using image processing techniques of a known type,
the processing section 21 can locate the rectangular
portion 242 within the image 241, and calculate the
centroid 246 of the rectangular portion 242. These known

15 image.processing 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 xreticle to the
reflection of the image detector, and thereby properly
align the reticle with the bore of the firearm.

25 The  present invention  provides a number of
advantages. One such advantage <results from the
provision of capability 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 positionéiof 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



a central opening, through which the rod 212 extends. In WO 2005/ 052494

PCT/ US2004/ 023664 24 t he di scl osed enbodi ment,

rubber, but

The grongptodskfk.ias a frustoconical surface 217, whichpengagesdhgsbore 202
at its outer ené.

the grommet 216 is nmade of

it could alternatively be made of sone other suitable material.

5 The frustoconical surface 217 permts the device 206

be used with a variety of different typescof firearns having bores of
different sizes. Further, the surface 217 ensures that the left end of the

rod 212 will be substantially centered with respect to the bore of any 10

to

such firearmrifire Waghetiletf arleaenymner ated sy taegdetghies edide of ot hmmegd 213

act appr oxi mat el

eby causi:

iform.y i [, di ti t
of the rod 215 T BELGRcOFatly CERPEFGH WARGH THLSbor o 0B LA TR

regard, the (dgyvigge206&drs desiwonad sgcbhaly i{magentier 8kals FAVilkplagd n
the region of the end of the barrel 201 of the firearm which reduces the

centering fdrice eorqheredordfritthy: imagnetdi erfyi edxiroAsia mesulet oplackeent

magnetic field, the device 206 automatically orients itself so that the

t.he_end 213

rod 282 is &cdhift etr?rr%%fnt ered within and thus 20 coaxial with the bore 202,
and so that the plagglikerbadardhlyd SrOLi8RLed Ay benacayat el ya some

perpendi cular to the axis of the bore 202. The upper end of the bo
has a refl ectd vellsurdfac& 221 addclitmethtt heredn, thde Sluréarm 22idgbei ngre25

y 211

erpendicular_to the rod 212 and._thus the axis_of the bore 2Q2, for _exanple
bhr ough D8l TEh

t hrough the

Ite FEFORT I rACHYNi P tRERNiTtiEs BEER2R SFitdnbnd

turning. Wtfy;oids errors due to mechanical considerations such as

10

15

20

25

30

vibration, shock and wear. In the disclosed embodiment,
the electronic adjustments include electronic adjustment
of a zoom factor, and electronic adjustmént.of reticle
windage and elevation. Further, the reticle itself is
electronically downloaded into the firearm sight, and
significant changes in the reticle 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 1is currently controlling the optical 1line of
sight, or in other words how steadily the firearm 1is
currently being trained on the intended target.

Still another advantage results from the provision
of capability to automatically and electronically align
the reticle of the firearm sight to the bore of the
firearm: Further, this automatic alignﬁent can be
effected quickly and accurately. | This avoids the

traditional approach of taking the firearm to a target

range and firing successive sequences of . bullets while



t he boresight alignnent device 206 properly installed and self-oriented at
the end of the rifle barrel 201, the 30 reflective surface 221 wll "see"
the image detector 18 Ilocated within the sight 10, and will reflect back to
the im 18 an inmage of itself. W) 2005/0524 04/ 023664
25 Int h?g) ?’25@%?1 FIGURE 5 is a diagranmmatic view of gﬁﬁ%@ggﬁlcapt ured
by the i mage detector 18 during a boresi%ht al i gnnent operation. The
reticle 101-105 has been superinposed on<’he i mage 241 by the processing 5
section 21. For sinplicity, the reticle 101-105 is shown in a centered
posi tion, Wﬁﬁb{'ﬂeé’ii§§iyf e MAAGe OF aehevtien. thhe iapge) 241 ;iRclques a
rectangul ar portion 242, which is. the inage detector 18 as refl ected ™ack
to itself Bndheleedtioni vehsahf dee 22de ononhembogesirght expénaliivgnneTn
devi ce 206. Using ifgge pro essing t echni ques of a, known t%ﬁf’ the |
processi ng SERGTHHAT can F6€at e +RECPELPLENGuUIRICVHORE on 222 wi PAFR 1S5
| mage 241, apd Gal Gt eothe hLoapt £91 dgRAEnef &ﬁ%@%@@g—}g 3f.e POE AN (242,
These known 15 1 mage processing technigues can include operations such as
spati &l fil ttére ngore hoés hdledi higresegpeatal | ot ofi@ai ar eorevdataiodn oof &he
i mge correlation, and/or other suitable known - operations. The
processi ng. T&&ctGoh PASEERORhen conpare the position of the reticle center.
201 to the 20 positd t C &Nty O , t st he
position of the ?%%4%%%01%%5 In Ct%egmrr%ééofﬁ%l\ngn?gégﬁaaingﬂél%\%?iegn, alntr%i
order to al idgedihicdedt ial edtmihe itefWiect i br ofnddestoade wdettectariocard
t her eby proper Ig/ ) . , , ,
substitutions and alternations are possible without
10 departing from the spirit and scope of the present

invention, as defined by the following claims.



align the reticle with the bore of the firearm 25 The present invention
provi des a nunber of advantages. One such advantage results fromthe
provi sion of capability to detect the inpact of a firing pin striking a

cartrid IS, Rrovides the ability to accurately recpgg @polyieges Whi ch
shows t%goﬂgpé{’ﬁ@é 30 positions of the reticle and target, as viewed by a

user just before conbustion starts w t%ian the cartridge. This provides an
accurate record of the extent to which an- WO 2005/ 052494 26

PCT/ US2004/ 023004 error in bullet placenent at the target was due to human

error, whi ofHAB Dt cORIBED| YSr:epeatable. In particular, the user can view
the stored image in order to isolate his or her contribution to any error

in bullet placenent 5 at the target. A further advantage results fromthe

fact that sone or alkn?;aﬁgergﬂgys%%ﬁ%qihg fﬂf@gg}nsi%%ﬁg%th&@‘g ect ed

el ectronically, rather mechani c avolrds errors

nmechani cal Teoasihdesati ons such as 10 vi bration, shock and wear. In the

di scl osed enbodi nent, the electronic adjustments include electronic

adj u$t nent of a 2o0MTEERDr SC&YGO8 eEhRBnIRS M} B8t MENSEX r EFI cYEeWwididage

and el evat !:Prﬁla gug%h% Fagﬁgtrlg i %IQS%? i isa%izorl Swi ﬂe&_t&gg'%%zilely downl oaded

into the fitTearmsig S i"cant” changes in eréticle
configuration cag bkusinke wastiynefFbectrd st howt at ihyeedal omorefient

mechani cal change or adjustment. Still another advantage relates to the
provi sion o3f said firearm sight which is characteristic of a firing
pin striking a cartridge; and .
10 an imaging section responsive to detection by said
sensing section,of said physical movement for saving an

image of the target and said reticle from a point in time

just prior to detection of said physical movement.

15 2. An apparatﬁs according to Claim 1, wherein said
imaging section is fesponsive to detection by said
éensing section of said physical movement for saving a
sequence of images of the target and said reticle from a
time intérval which begins before detection:- of said

20 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[

25
4. An apparatus according to Claim 3, wherein said
viewing section includes:
a digital image detector capable of producing a
sequence of images of the target; and
30 . a display on which said viewing section presents for

a user said sequence of 1images with said reticle

superimposed thereon.



capability to accurately neasure the line.- of sight 20 angular rate, and
to display for a user an indication the currently sensed angular rate. This
provi des a person wusing the firearmw th an indication of how precisely he
‘or she i Ly controlling the optical line of si [ her

wor ds ho%@?@é@ﬁ@yt he firearmis 25 currently being t%ﬂgg{%f{&t}ﬁé
intended target. Still another advantage results fromthe provision of
capability to automatically and el ectronggally align the reticle of the
firearmsight to the bore of the firearm Further, this automatic alignment
can be .30 effected quickly and accurately. This avoids the traditional
approach of taking the firearmto a target range and firing successive
sequences of bul lets yfi %igzp A RA0S QLA SETLLSRA0N02B00:heAtin caid
progressively nechani cal adjusting the reticle wndage and el evation,

whi ch is tipensdngum agcahdnexpensiv@es| ngpar sotiiiar ,sttdeei nv@rddaromptovi des
for precise neasurenent of the m salignnment of the scope relative to 5 the
bore of the2FFFé&XAMSARE aut omatic correction of the reticle position.
Althqﬁgh one enbodi nent has been illustrated and described in detail, it

w || De understood that various substitutions and alternations are possible
wi t hout 10 depar ki.ng A oapbBeaspis idc @t SePpPEqOiCltien B esehlerdinvesdidn, as

defined by the followi ng clains. WO 20(15/052494 28 WHAT |S CLAIMED | S:
sensing section effects bandpass filtering of an output

of said accelerometer to select energy with frequency
components characteristic of a firing pin striking a

10 cartridge.



PCT/ US2004/ 023664 1. An apparatus conprising a firearm sight which

includes: 5 a viewng section that permts a user to view an inmage of a
target in association with a reticle; a sensing section for detecting a
physi caly, soyemenb, of said firearm sight which is charagteusatie2wés a firing
pin striking a cartridge; and 10 an inmagi ng section responsive to detection
by said sensing section,of said physical,novenent for saving an image of
the target and said reticle froma point in time just prior to detection of
sai d physical novenent. 15 2. An apparatus according to Claim1, wherein
said 1imaging section is responsive to detection by said sensing section of
sai d physical novenent for savin equence of Lngggs of the target and-

a s
said reticle froma AF?H%QQ%¥%FVgJ‘¥Wﬁ B g BeFErdUet 8Tt BR: YO Lai d 20
physi cal n j d,4dmg I i drsequence bsei Iid +i;npge
fron1saidng%$ﬁ?9§% ?i%gg&éi%kﬁuéggaggtE@aggcgfd%ng to Clain?%FEﬁﬁgﬁé?% sai d
i mage savedvixhsai diigiegilngreectien isaial dvgevahgi sege.id@b dncAndapgarat us
according to Claim 3, wherein said view ng section incJudes: a digital )
i magé det ei®riehpabREIGFLPESFuCiRRF BICBeqBAEE off 's2b85t hdiGatgdt ; and
30 a displ i i do¥i.ew ng. i p nt a i d
sequence o?qﬁ%%\@ér\?\ngt h%sa;l:gbr g%gggéugﬁri rgng)xgge ? %F:%a%n.f%ti%g%/ 6?2494
PCT/ US2004/t}2365dage .

8. An apparatus according to Claim 7, wherein said
10 reticle adjustment portion permits a user to manually

effect said adjustment of the position of said reticle.

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

independently in two different directions.

10. An apparatus according to Claim 7, wherein said
viewing section includes: ‘
20 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 reticle superimposed thereon,
25 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
30 rifle sight, said viewing section being a portion of said

rifle sight.



29 5. An apparatus according to Caim1, wherein said sensing section
includes a solid state electronic acceleroneter. 5 6. An apparatus
according to Claim5, wherein said sensing section effects bandpass

filteringoopndhs.Qsit put of said accel erometer to sel ect I‘%D‘?ﬂgz}‘()mzt&4
frequency conponents characteristic of a firing pin striking a ib

cartridge. WO 2005/ 052494 30 PCTI U82004/3q23661 7. An apparatus conprising a

view ng section. which permts a user to view an image of a scene in

association wth a digital reticle, said viewing section including a 5

reticle adjustnment portion which facilitates digital adjustnent of the

position of said reticle relative to the inage. 8. An a 11g’ira]'%lus_accordi ng
m

to daim?7, vvherje%'_n sai‘7_éirl 1PPRFRELS afiCiStent"Dord i ofr Per i £8Vadsef to
manual |y e{fiecl; 'é’eéﬁ%aﬁ_t oRAt h%f,\%i%e_epoéglkgoﬁh%fo_u |eq“§{dije& cleg; Qi AD

apparatus accordimg to Claim?7,, erein reti ust ment “portion
permits a weeridle maoaal | pel5 ehteetusaidd ad]estrenicelliyhe jposhti eaiaf said
reticle independently in two_different directions. 20 10. An apparatus
accoPdi ng Vée®midign BeGhkrRi nfEald e¥tewnid lsectqlon St udesghhn | pade

det ect or C@@@%fﬁé”SBEQQBBi%%fhf@HHSSC%‘Hser to view an image of a

scene in association with a digital reticle received

through said port.

10 13. An apparatus according to Claim 12, wherein
said viewing éection includes:
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
15 said viewing section presents said sequence of digital

images with the digital reticle superimposed thereon.

14. An apparatus according to Claim 12, wherein

said sight is a rifle 'sight.
20



digital images of said scene; and a display which is visible to a user and
on which said view ng section presents said sequence of digital inages
with said digital reticle superinposed thereon, 25 said reticle adjustnent
portion i djustnment of the position of said rejd hangi ng
t he posf??%%géFﬁ%wﬁich said reticle is. superinposed onqggﬁggﬁﬁg%ﬁgé. 11. An
apparatus according to Claim?7, includisg a 30 rifle sight, said view ng
section being a portion of said rifle sifght. WO 2005/ 02494 31

PCT/ US2004/ 023664 12. An apparatus conprising a sight having a view ng
section and having a port through which a digital reticle can be introduced
electronically into said 5 view ng section fromexternally of said sight,
said view ng sdé& i onPPeAFRai3 e 0sePrisipPe?d ahiraage 1t s¥dhe fn
association.w t.h a digit retigle received through said port. 10 13. An
appar at us 53@&%53u§%é¥%§%]%§%§5 %ﬂgﬁ %ﬁs'said view ng section includes: an
i mage detector capabheyofdpteddehnGb3a0 eneepobduditid a saqgescefosai d
scene; and a display ich is visible to a user and on which 15 said,

vi ewbng sedtiigdtagr ds@iies saf dasegyemte of digital images with the digital
reticle superinpos 9 thereon, 1% .Aﬁ qggaéatyf accordéggtgg ClaLn112t
wherein said sifghBrFEY8Yr i Fle YDA 28t ewing 1o presents

said seqguence of digital images, said display being
visible to a user and having a resolution which is less
than a resolution of said image detector; and

10 a digital zoom portion which can digitally change an
effective size of sailid digital images as presented on

said display.



WD 2005/ 052491 32 PCT/ US2004/ 023664 15. An apparatus conprising a firearm
sight with a viewi ng section which includes: an imge detector capable of
produci ng a sequence of 5 digital imges of a target; a display on which
said view hg section presents said sequence of digital inmges, said display
bei ng vV@*gW%mFHQh user and having a resol ution which iRCT/ESX04/A3345
resolution of said imge detector; and 10 a digital zoom portion which can
digitally change an effective size of s d digital inages as presented on
sai d display. WO 2005/05249-4 33 PCT/ US2004/ 023664 16. An appar at us
conprising: a viewi ng section which permts a user to view an inage of a
scene in association with a reticle; 5 a sensing portion for detecting

novenent of Said}ﬁxieﬁhngﬁ§§?ééﬂé‘@géék 25,4 .conponent approxi mately

transverse to a e extending froms scene to said view ng section; and
a further sectioa harewimyi deagiidhe wiseehwddrmil®si ’f onseti ado based em sai d
novenment of said viewing section detected by said sensing portion. 17. An

appar at us atee¥ei ff BoSCEEEMITE 2SART I hl OB aVd thnRom®dtliore provi ded by sai d

further section 15 inelydes an i pdhcatQr WUChi $,8" §REPLEInE SFSQH 3 i on
.~ viewing section which has a component approximately
transverse to a line éxtending from said scene to said
viewing section; and
a further section for providing the wuser with
10 information based on said movement of said viewing

section detected by said sensing portion.

17. An apparatus according to Claim 16, wherein
said information provided by said further section
15 includes an indicator which 1is 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. ’
20
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 wvaried as a function of
25 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 portibn is a rate
30 of angular movement of said viewing section with respect

to a vertical reference.



with said scene and said reticle, and which has a size that is varied as a
function of changes in said novenent of said view ng section as detected by
said sensing portion. 20 18. An apparatus according to Claim 17, wherein
sai d i ndj [4d,502 Circle which has a centerpoint dispasg
predete?ﬁ?ﬁ@%ﬂ$8zgtion on said reticle, and which has a dlgﬁgﬁggnﬁqat IS
varied as a function of 25 changes in sagq novenment of said view ng section
as detected by said sensing portion. 197 "An apparatus according to Caim
16, wherein said novenent detected by said sensing portion is a rate 30 of
angul ar novenent xof. sai davi ewpgr8acd | afcatdingespeddlaim asyeibictalding
reference. WO 2005/ 052494 PCI/ US2004/ 023664 34 20. An apparatus according to
Claim 16, imkcliidilgy Saghits| eaxiGhvieyang A\l e s e SENGLNS eR8T hgoPorricon

and. furth ctio i.ng r.espective portions of said rifle _skght...5 WO
2005/ 0- 5249?%%%%2%82?65%66‘%?%@ FESERY Hppar BoGS 8Hr 5 n%a%léf Frédfm
si ght whi chgiigrd udes: a view ng section configured to permt a user to 5

view an i mage of a scene in association with a digital reticle; areticle
adj usbrent portion which facilitates



digital adjustnment of the position of said reticle relative to said inmge,
said reticle adjustnent portion 10 being responsive to radiation received by
said firearm sight which is representative of a position of a firearm bore

for aut Jo6ald-Yoadj usting the position of said reticl ffect an
al i gnnmen ~i(}§gg’ﬁxf€ti clein relation to the firearm bor}gqt@%ﬁ’ﬁ&. BN

apparatus accOding to Caim?21, wherein said view ng section includes an
immge detector; and including a device WAich is separate .~fromsaid 20
firearmsight, which has a first portion engageable with the firearm bore
for supporting said device in a position of alignnment with the firearm
bore~ and which has a second portion with a reflective characteristic, said

radi ation represeut.ati ve: odppapesisi avmfridiendi keaf 1r@arhorei diet nghach
reflection onto said image detector by said second portion of an inmage of
said i mage d&cda1d¥S: WO 2005/ 052494 36 PCT/ US2004/ 023664 23. An appar at us

according to d aiam %%’e]éﬂ ! eEQct?%hd é(sﬁ%g%gr%g :Jg%rerel?érlggg iag)nu freCEghsai d

automatic adjusting o e posriron o n-a manner whi'C

i ncl udes detgleRi NAAQ RNt 6P & ofcemed irefhesbboatioh saidhi ragaigetact or,

and then adjusting the position of said reticle relative to said centroid
reticle;

a reticle adjustment portion which ‘faéilitates
digital adjustment of the position of said reticle
relative to said image, said reticle adjustment portion

- 10 being responsive to radiation received by said firearm
sight which is representative of a position of a firearm
bore for automatically adjusting the position of said
reticle to effect an alignment of said vreticle in
relation to the firearm bore.

15 )

22. An apparatus according to Claim 21,

wherein said viewing section includes an image
detector; and .

including a device which is separate .from said

20 firearm sight, which has a first portion engageable with
the firearm bore for supporting said device in a position
of alignment with the firearm bore, and which has a
second portion with a reflective characteristic, said
radiation xrepresentative of a position of the firearm
25 bore being a reflection onto said image detector by said

second portion of an image of said image detector.
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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 =aid reticle relative to said centroid.



