1 ELECTRONIC FIREARM SIGHT, AND METHOD OF OPERATING SAME TECHNICAL FIELD OF
THE INVENTION This invention relates in general to a device which facilitates accurate aiming of a
firearm and, more particularly, to a firearm sight mounted on the firearm, S through which a user
observes a potential target. 2 BACKGROUND OF THE INVENTION Over the years, various
techniques and devices have been developed to help a person accurately aim a firearm, such as a
rifle or target pistol. One common approach is 5 to mount on the firearm's barrel a sight or scope,
through which the person views the intended target in association with a reticle, often with a degree of
magnification. Although existing firearm sights of this type have been generally adequate for their
intended 10 purposes, they have not been satisfactory in all respects.. For example, existing sights
typically are passive optical devices with mechanical adjustments. 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 existing
firearm 20 sights, a user basically observes the relati¥e positions of the reticle and target while aiming
the firearm. When
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the target is relatively 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 corfsideration is that the ability to accurately place a
bullet in a target is a function of 3 both mechanical factors and a human factor. The mechanical

factors includenbuitet bsailisticsy buliet dispersromckaracteristics, and the degree of alignment between
the sight and the firearm bore. These 5 characteristics are largely repeatable, and it is thus possible to

compensate for theiV ffcohi@sty fRIRmart k@it is AR TEHEGHEE oPPYediCEBAS SRd 1REit is

difficult to asgessithisdaetorpreorpensaigfok it Ehe bymandastar inghides; the abiity-eh @ ghooter to
0 accurately hold the reticle of the sight on a target. Consequently, it is desirable to be able to record
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magnification. Although existing firearm sights of this
type have been generally adequate for- their intended
10 purposes, they have not been 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 1s that, in existing firearm

20 sights, a user basically observes the relative positions
of the reticle and target while aiming the firearm. When
the target is relatively 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



contributed to a shooting error. 20 Some 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 recorded. Consequently,
these pre-existing devices must buffer a number of gnages, 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 ta that Pqr;mated paint ip time. Due 1o a variety of
factors 4 sucﬁ%@ varrrilgt(lzo}}]aiﬁ%ﬁﬁgt cali gr'l% Hi§ atteanI%p to apre%}iclﬂﬁg timqé%(fg/v%%h the tr%%%r was

pulled is inhesenthrmpsacisef apd ®ften resudtbudithe savingeef arbmidgeswhiels js nasybitécularly
useful because it 5 represents a point in time too far befaore or too far after the actual trigger pull.

Moreover, tH-F&sER! Bffer Aaage TR imtsar of fmag@E MakBSit MEREESSy ©f dédicAE Brtatively
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need to align the reticle to the bore of the firearm on which the sight is maunted. A-traditional
appPoach is GIrihe FieaarAtbaE tardet rahegfrbya nufiber bRbuifts adBdardgét, élsseiiietfe error in

the resulting ulles patterp L5 pgahanically adjyst the syindage (azigyth). and elevglion,nan
factor is not repeatable or predictable, and thus it 1is
difficult to assess this factor or compensate for it.
The human factor includes the ability of a shooter to

.0 accurately hold the reticle of the sight on a target.
Consequently, it is desirable to be able to record an
image showing the relative positions of the reticle 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 cartridge. 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 Some 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 recorded.
Consequently, these pre-existing devices must buffer a
number Qf 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



(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 -very time consuming, and is also relatively expensive, due to the
cost of targets, bullets, transportation to the target rapge, fees for use of the target range, and so forth.
5 SUMMARY OF THE INVENTION From the foregoing, it may be appreciated that a need has arisen
for a firearm sight which avoids some or all of the disadvantages associated with pre-existing 5 sights.
One form of #edhvedtion nsolves apmpphratua e tnclGfesidfearm ighs wiicH BESta viewing

section that permi useryto view an image of,a tayget. jn assogiat] ith a r ticéjq_" sing.section
for detectin& a %1 Es%al r%%l\?emegr%ﬂ)ef thg%rearm tg%ght WhIeCh %IDOS :’ggc%%\]r\'ﬂ;cté%s%c ff&fﬁ; prllngsstriking a
cartridge; anchdremeaging/sectipr eespoasivetaldetécton bydbe 1sensing sedtien s&theyghysital

movement for saving an image of the target and the reticle_from a point in time _just prior to detection
of the physicﬁf’mo%gﬁﬁ%ﬁt. 1‘%‘%3( Thtterefit tdHh-of %P]%%ﬁ&e“r}ﬁ%ﬁﬁﬁéwéésa# % pa#a?ﬁgﬁlﬁ?ch hcludes a

viewing sectippthat nerpis a usesie¥iew An ifage otascena in assaciation with a <hgitalyeticle, the
viewing section including a reticle adjustment portion which facilitates digital adjustment 20 of the
position of therEfidle relfiveds tthé imabE 1 vetanotiet form of fiRE RR¥MION ifvoRedigsd to

buffer a large number of images makes 1t necessary to
dedicate a relatively 1large 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, fire a number of bullets -at a target,
observe the error in the resulting bullet pattern,

15 mechanically adjust the windage (azimuth) and elevation
(pitch) of the reticle, £fire a nﬁmber of additiomal
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 wvery time consuming, and 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.



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 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 infage detector capable of producing a sequence of
digital images of a target; a display on which the viewing section presents the sequence of 6 digital

images, the displaypeingrvisible to,auserfAf having a resolution which is less than a resolution of

the image detector; and a digital zoom portion which can digitally change an effective size of the digital
images 5 as preseitedmn thesdisplayedndther, forht of TRinvedtioapmvohesadredppatsts which

includes: a vllleewelag gectlon that r?rrglésra gse,gj.to view agle%gge of a seene in aasso%%uon with a

. S rl . ire 1C av ne o
reticle; a sensing pOf?IOI’l ?OI’ d% ecting moverhent c?frtﬁe viewing 10 section Wﬁﬁ a componen{:

approximatedylttansyersetoea liheseddenrdingfrem thesscene 4¢ e viewing sestionsarid tai fusther
section for providing the user with information based on the movement of the viewing section detected

by the sensfiorton. 15281 475tHerFornt BEthe TRBAIST ThvdRES 4 S5 paFatdPRAVIAG Wirearm
sight which ipglydes: jan ¥iBydRg sectionfcopfigured te RERMIt alserto VIBWan image kg sggne in

association with a digital reticle; a .

section that permits a user to view an image of a target
in association with a reticle; a sensing section 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 saving 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 invelves 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

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 viewing 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 digital images of a target; a display on

which the viewing section presents the sequence of



reticle adjustment portion which facilitates digital 20 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 25 effect an alignment of the reticle in relatien to the firearm bore. 7 BRIEF DESCRIPTION
OF THE DRAWINGS A better understanding of the present invention will be realized from the detailed

description which follows, taken in copjungfion with th RANying drawings, i ich, FIGURE

1 is a block ﬁég%ﬁr%s‘ho%vrpﬁgggr% éppara%tjus %N%I)\g‘liﬁé agﬁ'%mﬂe sigrr}?iltcf%<31':I¥égr%nb‘(dj)Ldri]\élsg %Ig;e?%s of, the

present invehtzomn #4G @R E-2 $5oa diagreim maditicohiewt of aldispplayblilkivch 40 isescompdment offthe rifle

sight of FIGURE 1, as seen by the eye of a person.using the sight; FIGURE, 3 is- a. diagrammatic view
2 At g e ol

of a switch paR&l WRRH s LESRBSTart of e stynt PRI Oh RIMER Has HGHaIE 5

manually operaglerswitchesnknbles URE 4 isfediagiamnatiefragimentasy side view shewdgsthe rifle
sight of FIGURE 1 mounted on the barrel _of a rifle, and showing a boresight alignment device
temporarily iRStaREERAN SHePEnd Btheé bSR&R¥ANd FIGURE 5 is a diagrammatic view of an image

captured 20 by an ipagerdetecienef therrifiersioht fuHng achoresighiialigament opgration: ydth a

reticle which includes: a viewing section that permits a user to
view an image of a scene in association with a reticle; a
sensing portion for detecting movement of the viewing

10 section with a component approximately transverse to a
line extending from the scene to the viewing section; and
a further secticn for providing the user with information
based on the movement of the viewing section detected by
the sensing portion.

15 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 portion which facilitates digital

20 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

25 effect an alignment of the reticle in relation to the

firearm bore.



superimposed on the image. 8 DETAILED DESCRIPTION FIGURE 1 is a block diagram showing an
apparatus which is a digital rifle sight 10, and which embodies aspects of the present invention.
Although the sight 10 5 is sometimes referred to herein as a "rifle" sight, it can actually be used not
only with rifles, but also with other types of firearms,-such as target pistols. The sight 10 includes a rail
mount 12, which can fixedly and securely mount the sight 10 on the barrel of a firearm. ,10 The sight
10 includes an objective lens section 16 of a known type. In the disclosed embodiment, the lens

section 16 h@ﬁéﬁ@!cﬂﬁ%?ﬁ@)@ﬁf ofB, Btk doid’ Befmatively have some other field of view. The
lens section 16Aoptk§ag;ém%ge%gfé9%t@§88&%gr target 1L Mgﬁﬂ |r§%g,eeg%t§8§9r%§1w the

disclosed embodiment, the image detector 18 is a charge coupled device array (CCD array) of a
known type, idbichembilze20,000detebor @ésments thatleaciy eprtdsponavtoiarespedthvansixel in

each image p:roguced.b th% img e gegegtor _1L ang}\{\éhichCZCOO%{eaa}{ranged %%%QJ array of 116r90
detector elemén g%y 00 HHECESrelements. OWEVEr, fhe ima%e detéctor! ol dlternatively be

impkementedywyitlrBay 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 Semiconductg[[?éﬁ%sﬂ’iméﬁe &ndot Offe irﬁé&@ﬁ@f&ct@b&" PISFucRE a SERAIREWT digital

color images,pfithe scane l7gand this seauenee QfigRgeThat 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 wview 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 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 diagrammatic view of an image captured

20 by an image detector of the rifle sight during a
boresight alignment operation, with a reticle

superimposed on the image.



is supplied to a processing section 21. Although the 30 image detector 18 of the disclosed embodiment
produces color images, the images could alternatively be monochrome images, or black and white
images. The 9 processing section 21 includes a progessor 22 of a known type, and a memory 23. The
memory 23 in FIGURE 1 is a diagrammatic representation of the memory provided for the processor
22, and may include more than one type of S memory. For example, the memory 23 may include a
read only mMEMBELETOME SERChPGOHPAINS a program executed by the processor 22, as well as data

that does not cha Ing program_execution. T y %p.also include_some random
access memory (&%ﬁﬁg%nw ichgt%e [E)Lrocegzzcisjggr"iL 0 %%Qgﬁég{[oé ag?ta thad ch%rﬁge%ptﬁl%g?nﬁgglly during
program exgcidibn. Jde memoryiZz3dan aisblirclusiegtome 19smicanductas indmosnbbtheetgpe

commonly known as "flash” RAM, which is random access me o%that will maintain.information

stored in it FGGSH & pBiver1BSs. AERF&EHEry TFHTEHyhR%s corimbnl§ iSd ihYevicedRbch s memory

cargls for digikal samerasnd Be preesshe seeion-2b-frtherdrclugdes a srefpematier 26t0f aknown type,
which is capable of taking an image generated by the image detector 18, and 20 reformatting the
image to a Eﬁ%r@é’%ﬁﬁﬂﬁw fiéh 4S8 ftaBRTorPreYeritdtidh onid tidplaythdt ak2PloWeF esolution

than the image, detegtor 18, Injages processed by.the, refarmatier 26 are suppliad.to a digplay driver

circuit 31, which in turn'drives a color display 32. In 25 the disclosed embodiment, the color display .32
is a sight 10 includes a rail mount 12, which can fixedly and

securely mount the sight 10 on the barrel of a firearm.
10 The sight 10 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 wview. The lens
section 16 optically images a remcote scene or target 17
15 onto an image detector 18. In the disclosed embodiment,
the image detector 18 1is 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, .and which
20 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
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 disclosed embodiment produces
color images, the images could alternatively Dbe

monochrome images, or black and white images. The



liquid crystal display (LCD) of a known type, and has 76,800 pixel elements arranged as an array of
320 elements 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) displa)é, a liquid crystal on 10 silicon (LCOS) display, or
a micro-electro=mechanical system (MEMS) reflective display. The sight 10 includes eyepiece optics
36 of a known type, which permit the display 32 to be comfortably 5 viewed by an eye 37 of a person
using the sight @ #sassogiati@cwitha filsarmninlthéeksciosed eawsdiment, 2the Eyepiéceooptics 36

have an FOV of 15, but (§JU|d alternatiye%lgave %%me other suitapge FOV. In aq%%onl tfie eyepiece
optics 36 of {hERficlo3BY efmbdbifidht cotifd 10 op |8narﬂ)e/%%r&’mit‘fed for ap%ﬁcga idtis which affow a

person to dirgetyyviewthe displayegd-witle andaving distanesgreateribar aboubs inthes, thareby
enabling comfortable viewing with little eye accommodation needed. The sight 10 includes an.
accelerometEhEL, RARFSGRROTS 81 outBIColipiEd e iStBcdReiry sbhfsa 2anm theP&is@dsed

embpdiment, e acgeleromgter 41 igg davice: which &ap e obingd commercily ag pag ggmber
ADXL105 from. Analog Devices, Inc. of Norwood, Massachusetts. Although the disclosed
embodimentample mesmsake 20(BEélerondteh4 1081 Se&nafog IDeViEE s AD XKEIB 1Hevdcepthe

accelerometer d1 %%‘!%%'E%B%“V%'% be inplemented with any offex suitable deyige. The. nge
accelerometer 41 |
during program execution. The memory 23 can also include
some random access memory (RAM), in which the processor
.0 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 pi*ocessed
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 1is a
liquid crystal display (LCD) of a known type, and has
76,800 pixel elements arranged as an array of 320
elements 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 1light
emitting diode (OLED) display, a 1liquid 'crystal on



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. 11 When the firing pin strikes a cartridge, the output

signal from the accelerometer 41 has a frequency spectrum which is different from the frequency
spectrum prS&L}c]e%lofﬁ reéﬁ‘&%‘% to COmitRistidr of f#e m%terirgll\ﬁffﬁﬁ#reeg %ﬁﬁr—iﬂj&e(?p&ﬂfs%aiently, the

processing sgetierdl capMiistingsishea-shaek wWavenepyesentative of the firing pin striking a cartridge
from a shock wave representing some other tﬁpe of event, such as combustion within a cartridge. For

example, the proce$&ifig Sécdibh 21 CodB%: §Y5R FohferRins P mIEFPlio dBRBbt of the
acceleromeq%,ég filt%gygﬁgequgmqq@ntgwgﬁhaye QufsideA frgguewnppépbgfbﬁ,lo "
y z.

approximately KHz to 10 KHz, and then look for a pulse in the energy between 5 KHz ant
15 Phe comBistivndvithin thecafiitge3todices a BFsEROWavesarTracoilvghichigbéveld ofders of

omleromear 3T A TS Loty b necae 1o doiess Tt 45 Seal shock.

wave which thprodeigeg ivhea theditingpin3é6 have an FOV of 15°, but could
alternatively have some other suitable FOV. In addition,

the eyepiece optics 36 of the disclosed embodiment could

10 optionally be omitted for applications which allow a
person to directly view the display 32 with a wviewing
distance gxreater -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 is a device

which can be obtzined commercially as part number ADXL105

from Analog Devices, Inc. of Norwood, Massachusetts.

Al though the disclosed embodiment implements 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 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 is available commercially as part numbetr 30 ADXRS150 from Analog Devices, Inc.
Although the disclosed embodiment uses the Analog Devices ADXRS150 12 device, it would
alternatively be possiilesto imhlemeint iherrate gyre 43ikidhsany otfsartsniialoje devihe. Thecrate gyro 43

is capable of detecti ular ovement of the sight 10 abqut a not-i élustrated vertical 5 axis which is
spaced from tfie FA2 r% af)lg 8, FETSETRTEE35 a highlPSenditivd QEVMCE WhicERE CSfettively

capable of dem@txwmgv@em Qtamghfir@mn directignstiprsvese ipanot-lstiated.genter line
of the objective lens section 16. 10 The sight 10 also includes a removable memory card 46 which,

when presentifth& $GREIG Ss opera 'e6tpIed toe prdrRsshrtseetion leﬁfhbrhls*éffé%ed
embogliment, the memgngcard {6% %SQ}QEV_LS}W phthe Jype commonly used in.digital camgras.
However, it would is alternatlvel e possible to’use any other suitable device for the removable
memory card désThagighsio mclsﬂdesla bettesy Slewhieh eintthé idisclosd Epsbollimenty iscan

repbceddebg%eqﬁﬁggmg cartridge from a shock wave representing 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 frequency 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 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

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 i1is available commercially as part number

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



type. However, the battery 51 could alternatively 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 procéssing 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 switchya{,\When the powen switeh 54,15, JesRecilyely actypied and deacyiate

itdgapectively

permits and interrupts a flow of current from the battery’13 51 and/or the connector 52 to circuitry 71
which is dispdseduaitifin e SighB107 Bl waich reguies salédtiadal poderin@rder to operate. The

circuitry 71

display 32, the accelerometer 41,

include§lltl@e ir{]gg% deﬁ?;}%r 1@, thei%rocg%gigg fgctigg 5 é%‘é%% glfﬁgal)s/l g%?}[\él(%{)la :

e rate gyro 43, and the memory car

the color
0

includes a commeetez81 wifich ise caujgigttto1he phavessiag sedctionl2luFheesordectendl ¢flcan can

be used to uagtload image gata or video dgiag%)m theg%ié];ht 10 to a not-illustrated cogz&gﬂer, ?és%
- i rom the

disc%ssed I

retik

&r-Fn |tr‘|:on, the comect &5h ljj- seﬁatgedo%ﬁ%d ﬁﬁ electfc

computer to thex sighiytBoas afso discussedidighily the disstosee-d5 emebodiaentythe-physieal

configuratio

10

15

20

25

30

n of the connector . '
effectively capable of detecting movement of the sight 10

in directions transverse to a not-illustrated center line
6)‘5 the objective lens section 16.

The sight 10 also includes a remcovable 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 1is a memory card of the
type commonly used in digital cameras. However, it would
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 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 manuvally
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, 1t respectively

permits and interrupts a flow of current from the battexry



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 protoggl, 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, in a manner conforming to an

industry vide8 Starfd¥id Whict e coRfiReHS kREWN s tHeNafidriaF Feletigion’ StartRidd Corfimittee /
Phase Alternating,Ling {NTRCGRAL) stapdard. 3Q iy the disglosed, gapbodjmenty, the copnectar82 is a

standard component of the type commonly known"as an RCA jack. However, it could alternatively be
any other l4estableligpd obrmEctdr and dearniatiovpsdid be - ransfesred througir Accotding to

any other suitab tocol. FIGL 92 is g diagrammatic, view of the display 32, 5 a n by the eye
37 of a perso%\%lé?)'k“lpég% t%w%%ﬁ tr%ﬁ% eepiegt:%to%fi%g 36 %%thevélgﬁt 1%%%%%%0%1%? op%eérg%&r?a mode,
the display 32 preseitts a dewpdfdiye seeineck?, a9 captiited bydheimadd defeator Ithrougle the

objective lens sect%on 16. The scene 17 i% shown 10 diag}rfammaéi ally in b[réoken lines in FIGURE 2.
The processing e ﬁﬁo?’f‘éﬁﬁerirﬁases Ofthelitfge S¥IhS scéne 17 F2ticl5181-THE M ihe

disclosed card 46.

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
sight 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 wvidec information can be transferred from
the sight 10 to an external device, 1in a manner
conforming to 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 1is a
standard component of the type commonly known as an RCA

jack. However, it could alternatively be any other



embodiment, the reticle includes a small center circle 101, and four lines 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 is
a digital image, which is downloaded into the sight 10 through the USE connector 61, and which is
stored by the processing section 21 in a non-volatilejpprtion of the memory 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
manufactureﬁwéﬁ%%ar&ﬁ%ug%% NSk ShEF as Z%Tfﬁ&:e IHTBP%%{%%%H@; oA oéadgae

electronicallydp -digitad feranthredel it connectar ddatorihe rremar@3 of herprenessiung section
21. The processing section 21 takes the reticle which is currently stored in the memory 23, and digitally
30 superimp&¥e_tRE feticle on images that will be sent to the display 32. In FIGURE 2, the reticle

101-105 has been sspgrifposed 0o the imnage.in amanner $q dat it is 15, centered on the display 32.
However, the position where the reticle appears on the display 32, and thus the position of the reticle
relative to th@mnageenthbyscéme 1 E¥:an B adjdsted iPa nepmerlwisish isodesériteddB latdreThe
processing section.21 can als %eri pose gom additional information on.the imag the-scene
17.In this re%gfao? the lower fe fcgornerrgof thg disp 6%/632 T a#}d‘es ag\?/li'ndage foIfLaszrlnut %%?ﬁ%tjfnent
value 111. Asperational mode, the display 32 presents a wview of the

scene 17, 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 lines 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 is a digital
image, which 1s downloaded intc the sight 10 through the
USB connector 81, and which is stored by the processing
section 21 1in a non-volatile portion of the nembry 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 thé memory 23
of the processing section 21.

The processing section 21 takes the reticle which is
currentiy stored in the memoxry 23, and digitally

30 superimposes the reticle on images that will be seht to
the display 32. In FIGURE 2, the reticle 101-105 has

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



0 mentioned earlier, the position of the reticle 101-105 on the display 32 can be adjusted, in a manner
which is discussed in- more detail later. The windage adjustment value 111 is a positive or negative
number which indicates the offset by which the reticle 101-105 has 15 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 value 112, which 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 poSIEET SFGFh RTEIGDRE SEAYppef right EEHBY 6Fthe BRPIHBDUTELE BEeRFcharge
indicator 113 which,ig divided in(jgci))ggg_e-fSsegmen{:sh@ndcy\_tL ichyis piseglfo indicate the slate-gfdhe 25
a

battery 51. In particular, when the battery is fully charged, all three segments of the battery charge
indicator 11®areldlighted. Thae, as tHalbatterySl HetdiResirogidssivalydizehapded tihe number

of segments. glihe batery eharogndiedlor 113 which are ghlighted, 20 il rogeessivel.decrease.
The upper left corner of the display 14 presents an image count value 114, which relates to the fact
thatsthe 16 protessing section 21 can store images in the removable memory card 46, as discussed

later. The image co ?lt value 114 is an indicaéi:(L)n of gow many gﬂéﬂitional imafes can be stored in the

unused space which rema&inS WitRin B3hé %cemc?rry} crt 48°Thé %oceﬁ%é? % i0 oo%?hes‘&rgﬁlay 32

has a additional information on the image of the scene 17. 1In
this regard, the lower left corner of the display 32
includes a windage or azimuth adjustment wvalue 111. As
0 mentioned earlier, the position of the reticle 101-105 on
the display 32 can be adjusted, in a manner which is
discussed in more detail later. The windage .adjustment
value 111 1s a positive oxr negative number which
indicates the offset by which the reticle 101-105 has
15 been adjusted either leftwardly or rightwardly from the
centered position shown in FIGURE 2. The lowexr vright
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
20 has been adjusted either upwardly otr downwardly from the

centered position shown in FIGURE 2.
The wupper 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
25 battery 651. In particular, when the battery is fully
charged, all three segments of the Dbattery 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



capture mode indicator 115, and a firing pin detection indicator 116. The capture mode indicator 115
shows 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 portgon 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 ?O%a%hsq%ve an arrow 118201r 119h wh'kcgrservles as a respecti\ile view indiceg r for a
purpose which B disUssed Rfer. mfe centrgfaporf?on ofthe 25 8|sfc’)la§/L 32 |r§ an a]ﬁ%ﬂ?é’rae ¥ indicator
120. The indicatey}h?0 issardircleavhich és laigercthansand aneantric tothe: circteafdl atthengenter of
the reticle 101-105. The diameter of the indicator 120 js [ncreased and decreased jn response to

variation of a YarttSilat 5% opBrafibnat BAtbna taSBisRlsstaYatBP Bép&ithnd 37 fe ciffedfRode of

operation of tagsight12s ther&eticled 01105 apg thelvaggus-indicators,111r0:may @l be;visible, or
only some maybe visible. FIGURE 3 is a diagrammatic view of the switch panel 30 56, and shows
each®of the e BpEabRASAtches 57-65 which are present in the switch panel 56. The types of

o SR S e D ety b et
switch capture mode indicator 115, and a firing pin detection
indicator 116. The capture mode 1indicator 115 shows
which of two capture modes 1is currently in effect, as
10 discussed later. The firing pin detection indicator 116
indicates whether oxr 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 discussed later. 1In the central portion of the
20 display 32 1s an angular error indicator 120. The
indicator 120 is a circle which is larger 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 particular
25 coperational 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



57 has already been discussed above, and is therefore not 5 discussed again here. As mentioned
earlier, the accelerometer 41 (FIGURE 1) is capable of detecting a shock wave which occurs when
the firing pin of the firearm strikes a cartridge. Successive manual actuations of the detect 10 switch 58
alternately instruct the processing section 21 to enahfe and disable this detection feature. When this
feature is respectively enabled and disabled, the detection indiator 116 is respectively visible on and

omitted from the displ -Ap In one operation ode, the processing section 21 _of the sight 10 can
take a single}rﬁag%%eﬁryérété ’by?o}% in?gge&(fe%a;(g:)rgl%? an§ s%()%féf%?lgg im%a%e ﬁqotﬁselr%rg%ve%e
memory card#fe In adifeerentgperatiornal made] thengeocessing Sectiort 31 can takesgevetale

successive images 20 generated image detector 18, which collectively form a videaq clip, and
store these irﬁggé:sci%ﬁet%e h%m%rﬁ%:ﬁ%ﬁ@%uc@@ v AR of thg&}ﬁoa%og\’/ﬁfch%@'ég se the
processing section=4l talegglepeneren hesedweapesaiional mades. Yherhe sFedesfon storing

video 25 clips is respectively enabled and disabled, the detection indiator 115 is respectively visible on
and Bmitted. AT BFS8SpRTID THER are two types of events which.will cause the processing

section 21 to save afdmage,on 8 Wrea clip. 39,hitst, if the detgct switeh-o8 has heen used tp; enable

detection of the firing pin striking a cartridge, the processing section 21 will respond to each detection
18 (FIGURE 1) is capable of detecting a shock wave which

occurs when the firing pin of the firearm strikes a
cartridge. Successive manual actuations of the detect

10 switch 58 alternately instruct the processing section 21
to enable and disable this detection feature. When this
feature 1s ©respectively enabled and disabled, the
detection indiator 116 1is 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 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

25 clips 1s 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, 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



of this event by saving either a single image or a video clip in the memory card 46, depending on
whether the capture mode which has been selected using the mode switch 59 is the image capture
mode or the video capture 5 mode. It will be recognized that, since a video clip is a series of several
images, saving a video clip in the memory card 46 will take up several times the storage space that
would be required to save a single image. After saving an image or video clip, the processing 10

section 21 adé' ts the image coug?t indicator 114 presented on, the. display 32. In particular, if a single
image is stor8d, thért theTchthtvalde Ifﬁrﬁxﬂﬁsiﬁb%g dRcraméRtsd. ORARE oftier Rand #Lvideo

clipis savedcthgpvalyg ofdhe indieator¥14auiltbe duceddyabsamamaynt wikeh eerrespends to the
number of images in the video clip, The other event which will cause the processing section 21 to

save one im&GaRSrE FideBefigis HEhGR dperatidesTthe TBPRIFS SRitch 64 Whetfts theoge
processing sggfion-4 spyes a single i or &:yideq. Llip isdepspdent onfhes capture pgde which

has been selected using the mode switch 59. When the capture switch-64 is manually operated, the
processing sBetidm-21 séledts bithéea singledmbgedr bhideo cliip fem the R5derrentléfitputsof the

mage detectyr 16, pd hepsaes dbis mage. grxideo.dlpin the ;nepiofy Gard 4B AS naryjgned

earlier, a separate and not-illustrated computer-can be coupled to the connector 81, and the
processing seetmordl caauplodd towhdtlcompkiter the 39=images ortvidessclipshstored in-thgememory

card 46. space that would be required to save a single image.

After saving an 1image or video c¢lip, the processing

10 section 21 adjusts the 1image count indicator 114

presented on the display 32. 1In particular, if 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. Whether 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 1is 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 1s a rocker switch.

Pressing the upper end of the switch 63 increases the



The zoom control switch 63 is a rocker switch. Pressing the upper end of the switch 63 increases the
19 zoom factor, and pressing the lower end decreases the zoom factor. In the disclosed embodiment,
the zoom is continuous and can range from 1X to 4X, but it would alternatively be possible to use a
non-continuous zoom 5 with several discrete levels, &Ad/or some other zoom range. When the
disclosed system is operating at a zoom factor of 4X, a center portion is extracted from each image

produced by s image detsetor 18, wheredhe cepter: partianhas a sizesof 320.py 240 ixelge This

center 10 portion is then displayed on the color display 32, with each pixel from the center portion
being mappegdirectfiseh @one-tolBnet hasisitoss: iaspedtiverpied bfgm tdispldye32z9¢ienithe zoom

factor is at 1% (e selommatie g 12 essepialy fakesgn enyre imagg from (g imgge geigelgr 18
divides the pixels of that image into mutually “exclusive groups which ea¢h have 16 pixels arranged in a
4 by 4 formag hverages dr&itgrpalatepihesiiixelsof each gruminto-a singlencadeidatedpixel, and

then maps 20 each of the calculated pixels to a_respective corresponding pixel of the display 32.
Simifarly, whh “the S0l tor igh;@’f,efﬁ% re?ﬁ?ﬁéﬂ‘@r 26%%@5 Ilysfg‘i%s R iM&he f£ e image
detector 18, extrapis a ORRter PEHION havinDaksige ot akeut 968 pxglshyr (2825 pixels, Abvges the

pixels of this center portion into mutually exclusive groups which each have 9 pixels arranged in a 3
by 3 format gggriéags d?fnte"rﬁolatés tRénter portion is extracted from each

image produced by the image detector 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, and then 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 detector 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 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

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



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 20 image detector 18, extracts a
center portion having a size of about 640 pixels by 480 pixels, divides the pixels of this center portion
into mutually exclusive groups which each have 4 pixels arranged in a 2 by 2 5 format, averages or

interpolates t pix f ar int ingle calculated pixel, and then ma of the
calculated pé(hg%éo aqrie%s%%%%g/%rcogg’por:%d}?r)lcér%gffgof the d%pln)iﬂag?tl Sg.p Igrﬁﬁeé %%c%%gglcépl%bo%iment,
the zoom fropi ZX toctX Hhswcontisddus. Whkernl the bgom4&ctor sibetwsen 1&Xiandi@X, behween 2X

and 3X, or between 3X and 4X, the reformatter 26. takes a correspondin rtion of an image, and
then groupsﬁﬁf&?%atéjsgan& Bisbs tﬁgﬁg%ﬁ oP s attiont FALS thé“bﬁ%%qo%’he %T%Cgi[;%/ n a

manner 15 apaingoss wihaiitdiseussed akaxe. Althpuglethe zaamamdba diseiosed embegdiment is
continuous, it would alternatively be possible for the zoom factor to be moved between discrete zoom

levets, such 58 four RYGERIZSomASVe L Bas023E 8RSInd AR, 26 WhthFerefenld toBIEBRE 3,

the rer_icle e B5iis 3 fodr-way gwikch, and anyane ob thedipperdeivernlefl qlHoht sides can be
manually operated so as to respectively indicate a selection of up, down, left or right. Each time the
upper side obthe fichagslisulated pixels to a respective corresponding

pixel of the display 32.
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 between 3X and 4X, the
reformatter 26 takes a corresponding pQ,r"CAion 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 cont inuous, 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 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

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 moved upwardly by a

30 predetermined number of pixels, and the elevation value
112 in the lower right corner of the display 32 is

incremented in response to each such adjustment.



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 moved upwardly by a 30 predetermined
number of pixels, and the elevation value 112 in the lower right corner of the display 32 is incremented
in response to each such adjustment. 21 Similarly, ifthe lower side of the switch 65 is actuated, the
reticle 101-105 is adjusted downwardly by the predetermined number of pixels with respect to the
display 32, asd#hd elevation vafue tiieis decremented. deSimilarly, @rtuatierwafthr lefeor right side of
the switch 65 causes the reticle 101-105 to be adjusted Ieftwan#g or rightwaérdly by a predetermined

number of pREIGHHRR display 32 Sand ddusedtheldinday@ vaitid “BaSH tHaISREPRER YoridY of the

display 32 toiee _Qeithasircrerngated apdeemeted, Asdnentiqneeaboves a-sightd 0 ts,eapable
of capturing and storing single images, or short -video clips. In order to view these stored images or

clips, the usBi5ies885 tAé vieRINitEH62, BHaEB QTBiINgAhEE5 prodessing SEEIRTELEEStop
presgnting indagesof fhe, scened s qn e display g2, a@gg%in%%adgf%?gt eihgr, thedirgt gtill image

from the memory card 46, or the first video clip from the memory car . If the memory card 46
contains morewhécrlbne dmage @ vieleo dipether2arrdwe 1190l bé visibleto elicate jhattthe user

can move fo{vev%ccdwtgg%%rfl thoerim%%%%q:rvyédre&%ip%g h%usgrredetermined number of
pixels on the display 32, and causes the windage value
111 in the lower 1left corner of the display 32 to be

-0 either incremented oxr decremented.

As wentioned above, the sight 10 1is capable of
capturing and storing sinéle images, or short wideo
clips. In order to view these stored images or clips,
the usexr 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 wvideo clip from the memory card 46. If the memory
card 46 contains more than one image or video clip, 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 video clips. The
view indicator 119 will be wvisible except when the user
ig 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

30  terminated by pressing the éwitch 62 a second time, which
causes the sight 10 to revert to its normal mode of

operation.



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
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 30 terminated by pressing the switch 62 a second time, which causes the
sight 10 to revert to its normal mode of operation. 22 The angle rate switch 61 can be operated to
enable and disable Thedisplay of arr&usgukiy efrohratel as sensee byRke rttedyrod 3 emaarecular,
successive manual actuations of the switch 61 will alternately 5 enahle and disable this function- When
this function%@esé&&#ﬁ%ﬁeng &d égr\%sﬁgﬂed?t%e <'§1ﬁnpgulgrI1 gr}lg?%ldicea)%ro 120 %at]‘égpecﬁ\%ely
visible on anskoisitiéd em tthe display 32y Wberdthis fundtion issertabied, dhe, progessing seetion 21
monitors the output_of the rate 1.0 gyro 43, Typically, the user will be aiming the firearm and attempting

to keep the FETTIBEENtét T013HEAFRely Oe-ntehéd-oiF §iortibn dFthe ¥tdrte 1 AWhithTi& tEhdidered to
be atarget. Kthg user hagrenssioprcholding the firearmoyery 1gisteadynths ratg oo 43 willdetect

little or no angular motion of the sight 10 and the firearm, or in other words little or no transverse

movement tR&EBR Coh¥eduentsake BrbcedsiAg sBatRAZIERill prédent trsigditator 120X 0T

indicator 120 is respectively visible on and omitted from
the display 32. When this function 1is enabled, the
processing section 21 monitors the output of the rate
.0 gyro 43. Typically, the usexr will be aiming the firearm
and -attempting to keep the reticle center 101 accurately
centered on a portion of the secene 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,
ﬁhe processing section 21 will present the indicator 120
as a circle of relatively small diameter, in order to
26 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 Vdifficulty holding the
firearm steady, the rate gyro 43 will detect the greater
degree of angular movement of the firearm and sight.
25 Conseqguently, 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
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 1in a



as a circle of relatively small diameter, in order to 20 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. 25 Consequently, the processing sggtion 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 30 diameter of the
indicator 120R% e6AHBSLT AN Gther ards, & BrodrEssive iifedsetin tAé antdimt ciaRgaREor

movement of-the, fire Aan ight results '|} ré)g(]eessg i se i'ﬁhetﬂi me, Lg{gh ipdicator
120. Conversle?y%f a p?grgz]gre‘ss(gl\%%gE r'ea%e ¢1 tﬁg%ringount of aﬁé!t%%rs r%]ovegment o%the&ﬁ?earm%ﬁd sight
results in a progressive decveaserin thefdianeterfof teeindicatadb E20yAhe ussswiilt thusendeavor to

squeeze the triégé;er of the firearm at a point in time when_the reticle center 101 is ceniered on the

target, and WRENT S Raisor 29°has aFeladtvely Siall HARSEFD indicate Hat thE FrEa s

currently beingzheld very steadgr10yEhe refrairing sWEeR,6Q of hegwileh panelies is ai geresight
switch, which is used to enable and disable an autoboresight alignment mode. When this mode is

respectively EfabfdtParid-HiSa618d Ahe AuRSBRSsight dlighteltiRtichldr 1 TPk esFecivRlySAsible on
and 15 omittagyfomdhe-display 2. bhe aHiobpesight aligiipenihen the indicator 120

has a relatively small diameter to 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
-autoboresight alignment mode. When this mode 1is
respectively enabled and disabled, the autoboresight
alignment indicator 117 is respectively visible on and

15 omitted from the display 32. The autoboresight alignment
mode involves the wuse of an additional piece- of
equipment. In particular, FIGURE 4 1s a diagrammatic
fragmentary side view showing fhe digital rifle sight 10
mounted on the barrel 201 of a rifle by the rail 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 zrod 212 which extends perpendicular to the

25 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

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



mode involves the use of an additional piece of equipment. In particular, FIGURE 4 is a diagrammatic
fragmentary side view showing the digital rifle sight 10 mounted on the barrel 201 of a rifle by the rail
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. In the disclosed embodiment, the body 211 and rod 212 are
each made ot hretaldbsithey eduldritadatigsiy be rhfige df semaetherSufiables matexda. Thé rod

212 extends ¢ ically into.the 30 b%gf 2 ' el 201, and hasan outer end_213 which
is magnetizeagzscﬁggtbcg?cgal ér%mcn?élt 6 q{%@%%%ggrlg%%%n:ﬁa tﬁ%l%%h Which The rod 212 extends.
In 24 the dischasecbinbodiment; ke grommiet 2th-isrmade df rablies,outit danltbakkerpativeiyl be

made of some otfler suitable material. The grommet 216_has a frustoconical surface 217, which
a

engages the Bore t4t5 out 15 CRRPAGS 0 &dtcal SUfface YA FAfermits th d&AcE566 to be

usedswith a variety ofidifferant tpessf firgarms, bavipa bores of different sizes Faghedhegyface
217 ensures that the left end of the rod 212 will be substantially centered with respect to the bore of

any 10 such fifeaRf. TheSHagnttil forcesgdifdrited by e fightsare hiRefdP 3t apadimately
uniformly in qlxlagjﬁ’@io%itggre%\fCacfl'_,s.@etp@z?@d'g}%Qtst.he fO%&i_L%ﬁ%r, the surface

217 ensures that the left end of the rod 212 will be
substantially centered with respect to the bore of any
10 such firearm. The magnetic forces generated by the right
end of the rad 213 act approximately uniformly in all
directions, -thereby causing the end-213 of the rod 2127 06
be accurately centered within the bore 202. In this
regard, the device 206 is designed so that its center of
15 gravity 1is in the region of the end of the barrel 201 of
the firearm, which reduces the centering force required
of the magnetic field. As a result of the magnetic
field, the device 206 automatically orients itself so
that the rod 212 is accurately centered withih and thus
20 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 being
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.



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 centering
force required of the magnetic field. As a result of. the magnetic field, the device 206 automatically
orients itself so that the rod 212 is accurately centerggl within and thus 20 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 th%body 211 has a reflective surface 221 machined thereon, the surface 221
being 25 perpendiddar t0'# rd§ 222 And HHEHRE axis of theTbofE 268 3 ahiple thidligh the use

of precision Jpachiipgteghniquesstich &g didmond Poinfhitrings Mith: theboresight aligRment device
206 properly installed and self-oriented at the end of the rifle barrel 201, the 30 reflective surface 221

will "see" th&pFREldBtECtGHIEITHRa R vAthRT R SRIht 10, ARE wilf faffeet Sack €6 thel imdgetector
18 an image of iselfy géﬂ%&@ﬁd’ FISURES ig%g@ra@wﬂc}éﬁpwgﬂgn %@gg@égﬁq@tured by

the image detector 18 during a boresight alignment operation. The reticle 101-105 has been
supérimposettoft iminiahe 24E ¢y tise processiny 5 selbtorr2t. Fot simplidityl. @fe redclet @105 is
shown ina c%ntea[edfposgtiog \gith rloosoftlgset for Windt e (I)jroel%vglt:jon.tTh%image 24 includega
rectangular 6ortion 49211 W |c{?1 is the wﬁaéé) detecior18 asTeflected Dack 10 Nitself BIy fie refféctive
surface 221 ehdhe: bomsight The image 241 includes a rectangular portion

242, which is the image depector 18 as reflected back to
itself by the reflective surface 221 on the boresight

.0 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 the position of the reticle center~i01 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 The present invention provides a numbexr of
advantages. One such advantage ©results from the
provision of bapability to detect the impact of a firing
pin striking a cartridge. This provides the ability to
accurately record an image which shows the xrelative

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



0 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 eraction, and image correlation, and/or other
suitable known operations. The processing section 21 can then compare the 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 tefrhs 8irwﬁ1]aag)él ﬁtelé?/%ﬁ%mﬁ%ﬁ:de?tfo Hiyn thé Felicle 53R FeHectich SFHREnage

detector, anddhergby pippedy: align ihecreticleavithithe bergof thesfirearm. 25 Tha presant invention
provides a number of advantages. One such advantage results from the pro-vision of capability to
detect the impa& ofi& BANgCPM stikfy a-&trigde Mk peAdss thE alffEer acduratslgkadord an

image which ghaws e gelative 30 pasifians.of the refigle and jarget; as Yigwed by A SeL Jusi before

combustion starts within the cartridge. This provides an accurate record of the extént to which an 26
erroran bulletgsfadeneerit arthettarget was due to human error, which is not directly repeatable. In
particular, the user aniew the stogdam@ ein oréjselrl%%lsolt%te his c?éher ogglbggl%r{tosagrxeerror in

R
bullet placement 5 & theutgtr:‘ge?.rA Urther & 9§nt§ge results rgrﬁr{het &t that Some

or all of the adjustments of the firearm sight are
effected electronically, rather than mechanical'ly. This
avoids errors due to mechanical considerations such as

10 vibration, shock and wear. In the disclosed embodiment,
the electronic adjustments include electronic adjustment
of a zoom factor, and electronic adjustment of reticle
windage and elevation. Further, the reticle itself is
electronically downloaded into the firearm sight, and

15 significant changes in the reticle configuration can thus
'bé easily effected without the need for any mechanical
change or adjustment.

Still another advantage relates to the provision of
capability to accurately measure the 1line of sight

20 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 is

25 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 alignment can be

30 effected quickly and accurately. This avoids the
traditional approach of taking the firearm to a target

range and firing successive sequences of - bullets while



or all of the adjustments of the firearm sight are effected electronically, rather than mechanically. This
avoids errors due to mechanical considerations such as 10 vibration, shock and wear. In the disclosed
embodiment, the electronic adjustments include electronic adjustment of a zoom factor, and electronic
adjustment of reticle windage and elevation. Further,ghe reticle itself is electronically downloaded into
the firearm sight, and 15 significant changes in the reticle configuration can thus be easily effected
without the need for any meg anical change or adjustment. Still an tEer advantage relates to the
provision of dapaBIity 5 adcurdtelyTh S‘ﬂ?rg?rﬁ ane ?%}b‘cf'utf 1ﬂfganc%:; far Pé‘?e‘fjaﬁ%eto 81%51%??& a user
an indication thgguereetyssensed angular rate. thimeravides anpergonr using:the fiegar@ withran
indication of how precisely he or she is currently controlling the optical line of _sight, or in other words

how steadily tREFifeEFMi& 25 curfehfly beir§ el Uh the REEHHEERErget. S anothEieidvaRtage
results from the-provisione gicapabiitydo auiomaticalivand electionically-glion thergliclgof thg firearm

sight to the bore of the firearm. Further, this automatic alignment can be 30 effected quickly and
accu@tely. THis1gvdidsrthe Afadifivhafaprraach ofaaking tHeofita&rhe tocatargat tradge afd fithey
successive_ se%g_gc%seql;é)é@%@ivgml_e 27 progressi_vely mecha}nically adj_usting_the retiqle windage _
and elevation, WHICH 18 time consuming and expensive. In particular, the invention provides for precise
Although one embodiment has been illustrated and

described in detail, it will be understood that wvarious
substitutions and alternations are possible without
10 departing from the spirit and scope of the present

invention, as defined by the following claims.



measurement of the misalignment of the scope relative to 5 the bore of the firearm, and automatic
correction of the reticle position. Although one embodiment has been illustrated and described in
detall, it will be understood that various substitutions and alternations are possible without 10 departing
from the spirit and scope of the present invention, as defined by the following claims. 28 WHAT IS
CLAIMED IS: 1. An apparatus comprising a firearm sight which includes: a viewing section that permits
a user to view an image of a target in association pgh a reticle; a sensing section for detecting a
physical movement of said firearm sight which is characteristic of a physical impact associated with a
cartridge striking mechanism; and 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 detedfidAT i PAYSER r%gvement 2. An apparatus according to Claim 1, wherein said
imaging section is responsive to detection by said sensing section of said physical movement for
saving a sequence of im g(%;1%5 of the target and said reticle from a time interval which ﬁrﬁ%‘ns before

detection of said physical MOVERERT BiSof SAPHIZ]EEin Baid $&§G8Ate DY sald hTage from said

point in time.ihArudpparatus according to Claim 1, wherein said

a viewing section that permits a user to view an
image of a target in association with a reticle;

a sensing section for detecting a physical movement
of said firearm sight which 1is characteristic of a
physical impact associated with a cartridge striking
mechanism; and

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.

2. An apparatus according to Claim 1, wherein said
imaging 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 section includes:
a digital image detector capable of producing a

sequence of images of the target; and



image saved by said imaging section is a digital image. 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 29 a display on which said viewing section presents for a user said sequence of images
with said reticle superimposed thereon. 5. An apparatus according to Claim 1, wherein said sensing
section includes a solid state electronic acceleromger. 6. An apparatus according to Claim 5, wherein
said physical impact involves a physical impact with a firing pin; and wherein said sensing section
effects bandpass filtering of an output of said accelerometer to select energy with frequency
components characteristic of the physical impact with the firing pin. 7. An apparatus comprising: a
viewing section whigh gerpiter user idnielv are ithaye ©f arscenedn aBssogiaktcrenith afieticle; a

sensing portign fcelrscjeertectingiraovesrgentegcseaid Yiewing gﬁggon Vv\v”fkctt? hag q@gm@%rﬁrglaeoproximately
transverse to a line extenging rom said scene to said” vie Ing section; and a further section for
providing thesuserwiittpdsfedmationdased on said movement of said viewing section detected by said
sensing portion; wherein said information provided by said further section includes an indicator which

is presented in
5. An apparatus according to Claim 1, wherein said

sensing section includes a solid state electronic

accelerometer.

6. An apparatus according to Claim 5, wherein said
physical impact involves a physical impact with a firing
pin; and wherein said sensing section effects bandpass
filtering of an output of said accelerometer to select
energy with frequency components characteristic of the

physical impact with the firing pin.

7. An apparatus comprising:

a viewing section which permits a user to view an
image of a scene in association with a reticle;

a sensing portion for detecting movement of said
viewing section which has a component approximately
transverse to a line extending from said scene to said
viewing section; and

a further section for providing the user with
information based on said movement of said viewing section
detected by said sensing portion;

wherein said information provided by said further
section 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.



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. 30 8. An
apparatus according to Claim 7, 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 eI detected by said sensing portion. 9. An
apparatus according to Claim 7, 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. An apparatus
according to Claim 7, including a rifle sight, said viewing section, sensing portion and further section
being respective pogions cfrsaibrifte sight. according to Claim 7, 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.

9. An apparatus according to Claim 7, 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. An apparatus according to Claim 7, including a
rifle sight, said viewing section, sensing portion and
further section being respective portions of said rifle

sight.





