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
potential target. 2 BACKGROUND OF THE | NVENTI ON Over the years, various
techni ques and devi ces have been devel oped to help a person accurately aim
a firearm such as arifle or target pistol. One common approach is 5 to
mount on the firearms barrel a sight or scope, through which the person
views the intended target in association with a reticle, often with a
degree of nmagnification. Al though existing firearmsights of this type
have been generally adequate for their intended 10 purposes, they have not
been satisfactory in all respects For exanple,- existing sights typically
are passive. optical devices with nechanical adjustnments. For exanple, they
have fixed reticles wth nmechanical reticle 15 adjustnents,- and/ or
mechani cal adjustnments to vary the nagni{ication or zoom factor. Over tine,
these nechanical adjustnents are subject™to change, for exanple due to
factors such as vibration, shock and wear.

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, mwore
particulérly, to a firearm sight mounted on the firearm,

5 through which a user observes a potential target.



A further consideration is that, in existing firearm 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 be
difficult for the user to assess how precisely he or she is holding the
reticle on the target. For exanple, one user may not be 25 Jable to hold the
firearmquite as steady as another user, resulting in 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 sinply observing

the relative positions of the reticle 30 and target. Yet another
consi der at | BACKERNRBID tHe HHF | FYVENGIQAtcurately place a bullet in a target

is a function of 3. o] j cal r n_factor. The,
mechani cal factog§%$iﬁﬁﬁg§%%§%%ta%%%??égiéé%ﬁﬁﬁhéggaﬁgggé%%Y%%gé have
charact eri stiees, @nteidsedlegeenedb al igaresh abetweerlthes shght rardathe
firearmbore. These 5 characteristics are largely repeatable, and it is thus
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is desirable to be able to record an inmage showi ng the rel ative positions

of 'the reti élsscmdtien gatiths ¥i eediibyet he odhest ewitl aapoiieores t phe

when magnification. Although existing firearm sights of this
type have been generally adeguate 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 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 1is that the ability to

accurately place a bullet in a target is a function of



the shooter pulled the trigger, and before the firearm 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 contributed to a shooting
error. 20 Sone pre-existing sights have included the capability to record
an i mage showing, the reticle and target, but do so in response to
detection of the large recoil or acoustix shock produced by the conbustion
within the cartridge. Detection of this recoil or shock 25 necessarily
occurs after the point in tinme _at which the imge of interest would need to
be recor dedPot&ondiRfanl g2t hé8ELHTE exdREi n§ dEWTRs nBSCteEr-f er all@unber

of i mages, t he_. ti omjust § ti.nati ng an lier
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Doint in tine. Due to a variety' of factors 4 such as variation in bullet
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is not partrcularly useful” beCause represents a’poin htime o far
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buffer a | arge nunber of images makes it necessary to dedicate a relatively
| ar ge ampunfaetoFer? ynes tifreatable or predictable, and thus it is

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 1is desirable to be able to record an
image showing the relative positiéns of ' the xeﬁiclé 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 recorded.
Consequently, these pre-existing devices must buffer a
number of images, respond to the detection of combustion
by estimating an earlier point in time at which the

30 trigger was probably pulled, and then identify and save
one of the buffered images which corresponds to that

eafrimated wvpoint in time. Due to a variety of factors



function, which is undesirable. 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 nechanically adjust the wi ndage (azimuth) and el evation (pitch)
of the reticle, fire a nunber of additional bullets at a new target,
observe the error in the resulting bullet? pattern in the new target,
mechani cal ly adjust the wi ndage and el evation of the reticle again, .20 and

so on. This pragess.is ] NSiLM d,i5..-al sp,rela
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target rangepréé@estforhusetink the twheh range,tandgee feekh. phl18IMVARY OF
THE I NVENTION Fromthe foregoing, it may be appreciated that a need has
ari sen for alPheEsihlyi gHEPYRE ERe avéinds Lo oF esallit sof ig heh@ SRNANT ags

associ ated wibh preagxisiipg 5 s afts. e farmel thecLpyent Lon fnvol yes an.

appar at us t TncPldes a firearmsig a viewi ng Secfron That

permts a usgéptesenew an ipmoet ofirp tamgettobn BSS0HStdLE Wit htaor etisl e;
a sensing section for . detecting a physical novenment of the firearm sight
which 10 is @haeactdne staatwil atilgioed pPRLdtri kiMryepcart ritdye; negdd @@

| mmgi ng seotigpeLespensine. Lo etect1op idde SRNRILs3echlan eh ANt
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 zrange, fire a number bf bullets -at a target,
observe the error 1in the resulting bullet pattern,

15 mechanically adjust the windage (azimuth) and elevation
(pitch) of the reticle, fire a nﬁmber of additional
bullets at a new target, observe the error 1in the
resulting bullet pattern in the new target, mechanically
adjust the windage and elevation of the retidle 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.



imge of the target and the reticle froma point in time just prior to
detection of the physical novenent. 15 A different formof the invention
.involves an apparatus which includes a viewi ng section that pernmts a

user to view an image of a scene in association with a digital reticle, the
viewi ng section including a reticle adjustnent portion which facilitates
digital' adjustnent 20 of the position of the reticle relative to the inage.
Yet another formof the invention involveg an apparatus which includes a
sight having a view ng section and having a port through which a digital

reticle can be introduced electronically into the view ng section from 25
external | y FAUMMARRYE| ght THEhENVERHI LAY section pernmitting @ user to view an
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firearm si ghfead t Had WreWelg S6Et hOFir3Qwhisighockudes: aroidRgsoget eet or
capabl e of producing a sequence of digital imges of a target; a display on
whi ch the vidw nphedtion Jresbmnt ages serpepeeabrds wiikdi t alrei-rudes inghe
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digitally change ammelteeti va skieedfn heiditgi t athisRgeRasd as pﬁé@ﬂhﬁd on

the display. Another formof the invention involves an apparatus whic

i ncludes: asA®W Ry SBati PEWHAS per HEEE &CusEreWoan image of a-target
in association with a reticle; a sensing seétion for
detecting a physical movement of thevfirearm sight which

10 is characteristic of a firing pin striking a cartridge;
and an 1maging section responsive to detection by the
sensing section of the physical movemeﬁt for ééving an
image of the target and the reticle from a point in time
just prior to detectiom 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 électronically 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



view an image of a scene in association wwth a reticle; a sensing portion
for detecting novenent of the viewing 10 section wth a conponent
approximately transverse to a |line extending fromthe scene to the view ng
section; and a further section for providing the user with informat-ion
based on the novenent of the view ng section detected by the sensing
portion. 15 Still another formof the invgntion involves an apparatus
having a firearm sight which includes: a view ng section configured to
permt a user to view an inage of a scene in association with a digital
reticle, a dietiitdle amjagssnemh@odﬂs@ﬂamibmimgci\ﬂiiStié:ﬂ&s dbgigt ahs@0 and
adj ust nent t.he p03|t| of . the reticle r atlv to the i

reticle adjg?t q%éi%ﬁﬁ V@Eﬁﬁhs?@eﬁt &Pﬁllﬁnl?ﬁgggyéﬂmbyOfthe
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automatical ly adjusting the position of the reticle to 25 effect an
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DESCRIPTICN OF THE DRA bet.t.er _understandi ng of the present invention
will ®be re&S REIFUR rﬁPdE i Pé§Pdéscription which follows, taken in
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di agram showi ng an apparatus which is a digital rifle sight nbodi es
aspects of, whilh presbades nventiiswing 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 wviewing
10 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 of the viewing section detected by
the sensing portion.
i5 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 éigital
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 1is
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.



FIGURE 2 is 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 person using the sight;
FIGURE 3 is- a diagrammatic view of a switch panel - which is a conponent of
the sight of FIGURE 1, and which has a plurality of manually operable
switches; 15 FIGURE 4 is a diagrammatic fragnmentary side view show ng the
rifle sight of FIGURE 1 nounted on the barrel of a rifle, and showing a
boresi ght alignnment device tenporarily installed in an outer end of the
barrel; and FIGURE 5 is a diagrammatic view of an inmage captured 20 by an

i mge det ecterI®¥ DBeCRIPTEOSI ght THEr DRAWING®r esi ght al i gnment operati on
with a reticle superinposed on the jmage. 8 DETAI LED DESCRI PTI ON FI GURE 1
is a block di agrain BRBWFRgUBRSEFFA IS Whi BRSi BTESENG tErveRt Lensiahd 10,
and which e di : e of e (I ton. t hou h i ght 10
5is sonetiggg ?g%%%?%g ?%%ﬁéfg%% g%&%ﬁﬁg% I%ggg%%ﬁg}oﬁ{“ngé%pa% E%ﬁﬁ%’be
used not onlyanedhini fd&sjurertiah sewiwH hthet hercdygpesy bhgf ideafisgs sueh as
target pistols. The sight 10 includes a rail nount 12, which can fixedly
and SecurelWhh®funt the sight 10 on the barrel of a firearm 10 The sight 10
i ncl udes an obj ect] ens ctjo 6., of,. In_the_disclosed
enbodi nent, the F%%%GR%ec i%% 16 E%%D%¥$i%§% o%MCFéé%?E%”)ao %PpﬁﬁF P%
could alteryigiénely haveisbr®l othend i eldhof tHaew. edbedliers aspects of.

the present. invention;
FIGURE 2 is a diagrammatic wview 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
showihg’the rifle sight of FIGURE 1 mounted on th_e barrel
of a rifle, and showing &a boresight alignment device
temporarily installed in an outer end of the barrel; and

FIGURE 5 is a diégrammatic view of an image céptured

20 by an image detector of the rifle sight during a

boresight alignment operation, with a reticle

superimposed on the image.



section 16 optically images a renote scene or target 17 15 onto an i nmage
detector 18. In the disclosed enbodinent, the inmage detector 18 is a charge
coupl ed device array (CCD array) of a known type, which has 1,920, 000
detector elenents that each correspond to a respective pixel in each i mge
produced by the image detector 18, -and-which 20 are arranged as an array of
1600 detector elenents by 1200 detector 8el enents: However, the inage
detector 18 could alternatively be inplenented with any other suitable

devi ce, inq&yﬂifg%g ggggﬁgpq%%%gg a larger or. smaller nunber of detector
altly

el enents, or evi ce other than a CCD array, such as a

Conpl ement ary MetabyrEXive iSembcopdyekord{ &E8h | sBERiseNsah Theod FRYEs
detector 18 produces a sequence of digital color inmagesS of the scene 17,

and this seduerlee iof Rredfesitad suiphble editghta plocessidngwbéchi emixidies - .
Al t hough the 30 ima tector 18 of. the disclos nbodi t pr.oduce

col or !nagé%?p?ﬂ%si gg Ebdﬂ?%ngFeﬁﬁﬁﬁRﬁﬂ?nbe.%ﬂ6ﬁ58ﬁgagggﬁnéﬁé§¥:ofoblack
and white i7@gesmeltitct PEOERSEUNG: SCH AN 2 1akkNCA UGES; 1A ¥ 0GESSQr 22 of a

known type, and a nenory 23. The menory 23. in FIGURE 1 is a i agrammati c
repr esent at¢am afttuhe lyeds yupedvindsd droky wvhehpraddsseor BPRE aidarasdtimcl ude

road onl'y TeHEty (RN i cHLEBAEEFns. SUBRogt Am BRERR od i e priteesor
22, as wellgashdata tihatidRes Qot-aghangsundulbng wifiQH aphEXEGWdAR: ke
menory 23 can al so incl ude '

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 gf View (FOV) of 5°, but it could
alternatively have some other_field of view. The lens
section 16 optically images a remate scene or target 17

15 onto én 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,;§nd‘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 imagé detector 18 produces a sequence of digital

cclor 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



sonme random access nenory (RAM, in which the processor _0 22 can store data
t hat changes dynam cally during program execution. The nenory 23 can al so

i ncl ude some sem conductor nenory of the type conmonly known as "flash"
RAM which is random access nmenory that will nmaintain information stored in
it through a power |oss. 15 Menory of this type is commonly used in devices
such as nenory cards for digital canmeras. The processing section 21 further
includes a reformatter 26 of a known typ&, which is capable of taking an

i mge generated by the inmage detector 18, and 20 reformatting the imge to a

| ower resolution which i.s ui t e. resentation_on a. display,that has
a | owner re£§Qﬁ?%ﬁﬁ?%aﬁeFﬁ§Cthg£ aé?%EESF 8.F19 88%05r&§gsg d® §QQﬁﬂL

reformatter t26er eagppl i gémbeya i spl apedrisabrycioncuih FLguMd ch kg turn
drives a color display 32. In 25 the disclosed enbodi nent, the col or display
.32 is a |idpAgramystar diepreyepLebiosf af kridwh MgRernndtasidad, §o00

pi xel el enents arragggd as arrgy of 320 -el.enents b¥ 240 el enents. The

di splay 32 ¢ BTROWEVSF, “Have™” I@ﬂ%e?HS}ugﬁmW%ﬁenuﬁﬁﬁ'?ﬁep ¥8F ©

el emegts, OmediEPUl d Me- apkaaiher, sthtaklendmpesal gpphaydeid cg, reueh as
a liquid crystal “display %LCD , an organic light emtting diode (CLED)

di splay, a londui dmempstal (BAMA0 wisith coentlzdo8) di spregraor executed by
i oro-el ect Logrechanical, system (MM el ective disphar, The, sLaht o0
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 powef loss.
15 Memory of this type is commonly used in devices such as
memoxry cards for digital cameras.

The ©processing section 21 further includes a
reformatter 26 of a known type, which 1is capaple 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 pfocessed
by the reformatter 26 are supplied to a display driver
circuit 31, which in turn drives a color display 32. 1In

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 ligquid crystal display (LCD), an organic light
emitting diode (OLED) display, a 1liquid 'crystal on



type, which permt the display 32 to be confortably 5 viewed by an eye 37
of a person using the sight 10 in association with a firearm In the

di scl osed enbodi nent, the eyepiece optics 36 have an FOV of 15, but could
alternatively have sone other suitable FOV. In addition, the eyepiece
optics 36 of the disclosed enbodi nent could 10 optionally be omtted for
applications which allow a person to directly viewthe display 32 with a
view ng distance greater -than about 8 Aches, t her eby  enabl i ng
confortable viewing with l[ittle eye accommodati on needed. The sight 10

i ncl udes ansaggeber ongt@ss )41,dﬂ‘%ﬂyQQYhaSor15aanm9%tr@itel%b(¥c§%é@h£rhfcal _
processi ng section 21. In the I scl osed enbodi nent, the accel eroneter 41 is

a device wavehepanMi#Mdbteehbdctonmredesnllpy -as part nunber ADXL105 from
Anal og Devi ces, c. of rwood, ssachusetts. Al though_the discl|osed
enbodi ment i npl e#g‘r‘?t ss%%glgzggaclcneql\@f%%t%}leﬁie\ﬁet FPR%C%naPOQfDﬁ/i Kawn
ADXL10S devigge, theiagrelrnomet ercrdl Wt At esnati yelye bebipb erent £d
wi th any other suitable device. The accel eroneter 41 is a

m cr oé el ect vbemechany can sygee@{ MEMBR desisen amslingernes asghthilghl in

sensitive sensor .that can. detect .the 25 relatjvely.small shoc ve caused
when the firPrRgpar Tt rikes & fdrEAtlye '9¢ﬁﬁeadFng%%ﬁi;F$§$§§P?%%'sight

(ri ggers. Combisti B or the Dansonaer o Lot ar neopell ant w RS (R 8"
cartridge, 3sbtasntadsiexpel 2aGe bolkeotiherothertppbeetdil.e flnommddetcamt ri dge
and firearghe eyepieée optics.36 of the disclosed embodiment could
10 optionally bé omitted for applications which allow a
person to directly view the display 32 with a viewing
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 embodimént{ the accelerometér' 41 dis 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 jﬂ@lemented
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 mountea. 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 Wien the firing pin strikes a cartridge, the output signal fromthe
accel eroneter 41 has a frequency spectrum which is different fromthe
frequency spectrum produced in response to conbustion of the materi al
within the 5 cartridge. Consequently, the processing section 21 can

di stingui sh a shock wave representative of the firing pin striking a
cartridge froma shock wave representing sone other type of event, such as
conbustion within a. cartridge. For exanple, the processing section 21
could 10 apply a fast Fourier transform (FFT) to the output of the

accel eroneter 41, pfLLt uk; fEegu §9P€Q nt.s Lch e Si
frequency band ofwgﬁgrggrﬁa%é%§ﬁ% %agyto OQEH%;(ga%g?hgﬁérogﬂ%%égﬁgﬂghlse
in the energyiprtdlednrond iz andel18rKhiztel5 4{Thehaonbustrequerdhispddierum
cartridge produces a shock wave or recoil which is several orders of

magni t ude | WRYER tifandifdesradk Wa9R FHSIuEEETWRES YL hePEFEFHE MTPAuadsd kes
the cartridge, T er t 4 the: sensitivity.and . dt
needed to de %cfp%%§8§§ at?ggfé&gﬁégﬁgéP §§%ck@§%véh%%%%ﬁ§?s g?ggﬁ%eénﬁ%en
the figing ptartstiggkes t beneatfudrdde;, andeal sobasstihe dwabidht g1needed
to withstand_the nuch |arger shock wave or recoil which_ is produced by the
ensui ng' conbds$ T SRIUAEH iR tHEOCkk aveaYRdgePrres eriatsiyht of0 thles d imigiudest a

A fg %ir“@égﬂgg%ﬁ &P pUbput f"r%‘r%P'aeds{nﬁc h%aqfeocfgg)ﬂerggeﬁ%‘iggo%o%r?e and

ere as a“raté gyro. e disc
"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 severall 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 thegfelatively

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 vcombustion within the
cartridge. A

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 gyxo. In the disclosed
embodiment, the rate gyro 43 is implemented with a MEMS
device which is available commercially as part number

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



enbodi nent, the rate gyro 43 is inplenented wwth a MEMS device which is
avail able comrercially as part nunber 30 ADXRS150 from Anal og Devices, Inc.
Al t hough the disclosed enbodi nent uses the Anal og Devi ces ADXRS150 12
device, it would alternatively be possible to inplement the rate gyro 43
wi th any other suitable device. The rate gyro 43 is capable of detecting
angul ar novenent of the sight 10 about not-illustrated vertical 5 axis
which is spaced fromthe rate gyro 43. T ds, the rate gyro 43 is a highly
sensitive device which is effectively capable of detecting novenent of the

sight 10 i dediikectidnswoidnsvalse rinatd vealy i beusicasedl eerier ikhpnemest the
obj ective lens section 16. 10 The sight 10 al so includes a renovabl e nenory
card 46 whi&l, T@ien Preseht Yhthhanyi gihero sUid pke alievélog- coupl ed to the

processi ng SeCt'%%521ra£Q t glsgﬁo%gd_cggg Q|neg% &hgen% ﬁ% cggg 46 is a

menory card of the type co nIy use ital “caneras. l?rmould

15 al t er nat m¢&leynebe pﬁssubé estghusqcarafo@meé sukct-ahleistdeyvt €€ t@tttbgl
renmovabl e menory card 46. The S|ght 10 includes a battery 51 which, |n the

di sclbsed erpad fEMCh| §sa sRpracedifian btaltl@erl’)@t(ﬁ aykfovhS - typ’@wiﬂo
the battery o] al ternatjv Iy 20 AT abI batter e S|ght
R T N ! ¥pa

10 also inc external power ector M%IC “¢af®be c%u | ed®to an
external sodrgecefivieawercasalshe as fa G Ry W 6Re nE ORI 5 atighhaibng

current (AC) to direct current (DC)
in directions transverse to a not-illustrated center line
of the objective lens sectijion 16.

10 ' The sight 10 also includes a removable memory card
46 which, when present in the sight 1O is operatively
,cgupled ta 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 battexry 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 battexy 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



A switch panel 56 has a plurality of manually 25 operable sw tches,
including a power switch .57, and including several 'other swtches 58-65
whi ch are each coupled to the processing section 21 and which are

di scussed in nore detail later. The battery 51 and the external power
connector 52 are each coupled to inputs of 30 the power switch 57. \Wen the
power switch 57 is respectively actuated_and deactuated, it respectively
permits and interrupts a flow of currentlfromthe battery 13 51 and/or the
connector 52 to circuitry 71 which is disposed within the sight 10, and

whi ch requi 58s a@lEy | edk pewRhelR Qr dep tOo0peIateit Ghr cyntith 71s

i ncludes the imge detector 18, the processing section 21, the display

driver 31, therpssiet diwdphay 32t he he sigbtel e¥@net @ndtl, whheh at seguive43,

and the nenor card 46. The s%ghé 0 also includes a connector 81 which is
n

coupl ed to_?ﬁécﬁﬁaégggiﬁawgﬁcﬁi p3erThEe 6§Hﬁﬁﬁfﬁr 811h§.§%£ﬁF%ﬁﬁVb@1used
to upload inpge fada eheVi dRegdatfdfdomt hegsi gbBelopEQc:ésEQErfg'll Eé’éﬁ%@hed

conputer, as discussed late-T. -lIn addition, the connector can be used
to ddwnl oa@dlan ehectdbaptayetdcieefr amn t heheonpofler t ditsmd asi gl2t, 10heas
al so discussed later- In the disclosed 15 enbodi nent, the phgsical

confi gur at i BFCEF- LIS Frnectbr 81 a%2hRI | 9YRE pfdtrocdt® or LEFanSFBPFY ng

information sty Qugh it, conformto an industry standard which is commonly
known as the Universal Serial Bus (USB)
The sight 10 also includes a connector 81 which is

coupled to the processing section 21. The connector 81

0 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 1later. In the disclosed

15 embodiment, the physical configuration of the connector

| 81, as weli 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

2C- 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, in a manner

conforming tb an industry video standard which 1is

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



standard. However, it would alternatively be possible to 2C use any ot her
suitabl e type of connector and communication protocol, such as a standard
serial connector and comuni cation protocol, or a standard parall el
connector and conmuni cation protocol. The sight 10 al so includes a further
connector 82, 25 through which video information can be transferred from
the sight 10 to an external device, in a panner conformng to an industry
vi deo standard which is comonly known a8 the National Television Standards
Comm ttee / Phase Alternating Line (NTSC/ PAL) standard. 30 In the disclosed

enbodi ment , stiheagarneele 83f Scannstcandar d saponreftsredcibg typalgonpenl y

known as an RCA f|ack. However, it could alternatively be any other 14
suitabl e typsanEicsmestt ShXORAY | hE 0rRAITH RDUITP banyt r ahbear reditabbagh it
according t rg@§ ﬁher suitable protocol. FIGURE 2 is a diagrammtic view
of the dispﬁay E, ‘5 as seen by the eye 37 of a person |ooking through the

eyepi ece optics 3GauRHE he sisght dQagkBmaaitdldTedicwpeymat ¢ ReAlqiMRdey the,
display 32 presents a view of the scene 17, as captured by the inage
det ec@ or 18ashrargfh bwvhetlodj €xe va7| @fs sems g6 lothel npetbirbndls shewn

Super | Mposeey BRAFRE | MEJe Cor The Seend'd7 A-PBH o 1oi- 105, Tn EhEMal
discl osed gpbediieMal thedéet ittlee dNEhULES 32 SPRbbegeBt & GHERl &F the
scene 17, as captured by the image detector 18 through
the objective lens section 16. The scene 17 1is shown
16 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 zreticle 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
USB connector 81, and which is stored by the processing
section 21 in a non-volatile portion of the,meméry 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 él.

"The processing section 21 takes the reticle which is

currentiy stored in the memory 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



101, and four lines 102-105 which each extend radially 15 wth respect to
the circle 101, and which are offset by intervals of 90. The reticle
101-105 is a digital imge, which is downl oaded into the sight 10 through
the USB connector 81, and which is stored by the processing section 21 in
a non-vol atile portion of the nmenory 23. 20 The reticle can have al nost any
configuration desired by 'a user. in par%gcular, areticle wwth virtually
any desired configuration can be created by the user ip a separate
conputer, or obtained by the user fromthe sight manufacturer or a third
party througbnaeneidvwosk shehddspdavt E2 | nt eonetvemndehbepdowilcadatere
electronically in digital formthrough the_connector 81 into the nenory 23
of the prockB8§i ngeséeticonaPpPearhe PpPRocelsi ngisBéeivon321 takes Ehesrdihel e

which Is cyptenily, sLeregyln the JEIOL 23 - gnd digital |y .30 superigposes

the reticle on’images tha e sent e displ ay , the

reticle 101s¢ehehas7, been bupeldimpasel DA khenddrege wWhRiahMEeles®-ithad it
is 15 centered on the display 32. However, the position where the reticle
appea¥s on tAEedi-splay 32, and thus the position of the reticle relative to

t he i mage of the.,sc 17, _.can be |-ust in_a manner which is described
5 later. The progggéﬁgéag%%%}o% ffcggﬁgﬁls Eﬁﬁefg%%%sgu g%énmﬁﬁﬂﬁt%§§ﬁél

i nformati onz@aithenamgenfdrithei s6€88 the | tmaghi o egas dsckhe hower 1eft
corner of the display 32
this regard, the lower left corner of the display 32
includes a windage or azimuth adjustment value 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 is 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 lower right
corner of the display has an elevation or pitch
adjustment wvalue 112, which is a positive or negative
value indicating the offset by which the reticle 101-105
20 has been adjusted either upwardly or downwaxrdly from the
centered position shown in FIGURE 2.
The upper right corner of the display 32 has a
Battery charge indicator 113 which is divided into three
segments, and which is used to indicate the state of the
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



i ncludes a wi ndage or azinuth adjustnent value 111. As O nentioned earlier,
the position of the reticle 101-105 on the display 32 can be adjusted, in a
manner which is discussed in nore detail |ater. The wi ndage adj ustnment
value 111 is a positive or negative nunmber which indicates the offset by
which the reticle 101-105 has 15 been adjusted either leftwardly or
rightwardly fromthe centered position ﬁ%own in FIGURE 2. The |ower right
corner of the display has an el evation or pitch adjustment value 112, which
is a positive or negative value indicating the offset by which the reticle

101- 105 20 hasodeeniag) sstoed it ber apwastddbye on ndgyesan gl yci¢ omethbeabl e
centered position shown in FIGURE 2. The upper right corner of the display
32 has a baSYY clka& e Rdi cafor 1238UGRLEh 13T 8Fvi ded it AR COUNT

segnent s, aq&%Mﬂic 1&Sigs%g1t9n5$§%ﬁ35% Eﬂ9}§&9tﬁﬁﬁ§'Eﬂ%ﬂf@igﬁéieEXag%stLg

particul ar, en the battery is charged, all“three SegnentsS o

battery charge badioaiosd 1i% atBehighldeght edacEherhias thendiatd ewythin
becomes progressively discharged, the nunber of segnents of the battery
char g& i ndi e intehdaté -hi ghl i ghted 30 will progressively decrease.

The upper left c 1_Egr tgjcqt%ﬁear?g%gl a;}’oxjt‘licﬂ{?%%nt% 31’%9%;%0% \ﬁ%lsuealm,

which relates to e f e ‘processi ng section storé images in

t he renovableptemr yodar didéicasodi sSTUssednkdat ar . £ {khend magien caeBtctryahue
114 is an indication of how many additional imges can be stored in the
unused spacéﬂﬁﬁ?%F?%néyH%'mﬁt | capture modé indicator 115 shows

which of two capture modes 1s 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 Dbottom 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»laﬁer. In the central portion!of the
20 display 32 1is an angular error indicator 120. The
indicator 120 1is a circle which is larger than and
concentric to the circle 101 at the center of thé reticle
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



EAPRR—

5 the nmenory card 46. The top center portion of the display 32 has a
capture node indicator 115, and a firing pin detection indicator 116. The
capture node indicator 11S shows which of two capture nodes is currently in
effect, as 10 discussed later. The firing pin detection indicator 116

i ndi cates 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 alignnment indicator
117, for a purpose which is discussed later. The left and right . sides of
t he displ ay i32 eashphave, ammat r 0w Wb&hiler d1Oernwhiiclklserves passa ylaspest i ve
view i ndicator for .a purpose which is discussed |later. In the central
portion of Mf€ 20tdi%pl &YWEES | Lhn ShgbrieSer r 6PV RH cdidr aPPRNIRe the

i ndi cator 120 .i ircl i i a : co n o] ircle
101 at the %gﬁf§¥ﬁ% %ﬁegrg&%ﬁégé%ﬂnéggg}éngtg?gﬁete?ﬁgf&%ﬁgn%nﬁ%ggf%r 120
IS increased”7 angts deLreadgdbeanr €3penssddd alesval | andofi sa adte Eat-arnad

operational criteria, as discussed |ater. Depending on the current node of
oper abi on oﬁﬁﬂﬂy%ﬁ%ﬁnaﬂﬁﬁntmﬁFereticle 101- 105 and the various indicators

G120 MRy AL e VIALBLEnh ONLL.AQEE TRYRGYI S DLE RIS & 1y

di agrammatic view of the swtch pane 56, and shows éa
oper abl e swi(FrdleRE 5/) 65swhtgbaBle psEsedtddtihe W sbbpanekve6. wHibenh

types of switches and their arrangenent on the panel 56
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 fhis detection feature. When this
feature 1s respectively enabled and disabied, the
detection indiator 116 1is respectively visible 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 succes;;ve’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 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



17 is exenplary, and it would alternatively be possible to use other types
of switches, and/or to arrange the switches in a different configuration.
The power switch 57 has al ready been di scussed above, and is therefore not
5 di scussed again here. As nentioned earlier, the acceleronmeter 41 (FlIGURE
1) is capable of 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 pr6§e53|ng section 21 to enable and
di sable this detection feature. Wen this feature is respectively. enabled

and di sabl eds tei s detegti &y i piPreidhetsar esnesté vehyqw gbl£ pngand
omtted fromthe display 32. 15 In one operational node, the processing

section 21 ddfig hensi ghe Ieranyt akard §ﬁng|éemwagblgenenat@dEb@eﬂhethenage
detector 18, _and store this.i. mgge ,in the remoy card 46.

different ofF&r gﬁ Tonal™3ftde, Wq &%’stegjsﬁ ee?:f?%%ege ?aktéhgev@?‘gf
successive 'dyiBges 20 ganenat eﬂn@etasptﬁ&gen%tee%@rtﬂa% WHLh sqptestively
forma video clip, and store these inmages in the nenory card 46. Successive.

act uabi ons ofodehe nbbewdwilt dte 59eceamszedheéhptocessiery sestider Xlip iaggl e

bet th t I d Wien th de f t . d
Clipe 1S rognettt vEry naBh 8a* Ad RN e T RE et el hrsn T hibarsh 118 i s

respecti vel yneticthpl ea0q amsl ittt edakbr omp  the displ %)in%?s ther esgsgaguo
types of events which w

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

After saviqg an 1image or video clip, the processing

10 section 21 adjusts the image count indicator 114

présented on the display 32. In particular, if a single

image. is stored, then the count value 114 will simply be

decremented. On the other hand, if a wvideo clip is

saved, the wvalue 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. Whéthéf the

20 processing section 21 saves .a single image or a video

clip 1is dependent on the capture wmode which has been

selected using the mode switch 59. When the capture

switch.64 1s 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 2zoom control switch 63 1is a rocker switch.

Pressing the upper end of the switch 63 increases the



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 18 of this event by saving either a single inage or a video
clipin the nenory card 46, depending on whether the capture node which has
been sel ected using the node switch 59 ;g the i nage capture node or the
video capture 5 node. It will be recogni Zéd that, since a video clipis a
series of several inages, saving a video clip in the nenory card 46 wl|

t ake up severam t faeschhe shdr ageesspage timat 1woauddxd bedr equctedskee Sseve a
single imge. After saving an inmage or video clip, the processing 10
section 21 Z&Ust 5aFRETmagélcduift FASCELESS 19MbOgiBEakt edtBR 13ROI 5PI ay

32. In particular, . 1f_a_.sifng [ -1 red, en,§ he nt .val 14
wll sinpl yc%glta'L élcérljesrrer??}éﬂ. L%ﬂl tﬁ%gg?hzfrls "gng,% i#ga A‘(/}lgdegﬁ%ui :’)Lti gwglg%%ed,
the val ue ohltheHawliealpr kl4pvsklibhe reducesd by Ioancafpintiomd choom
corresponds to_the nunber of images in the video clip. The other event
whi chbwi | | walde Seyemadcessignyetectiaeld, t ardler ongohgagetbera weeo
clip is manual '

processi ng ggb-egge;?£§§35§kht§§ﬁ§ﬁ£§$ﬁ§8§g%%%gig?&a§99% gégyh%dégéﬁagﬂt on
the capturereRdemhbgh fas Beefensekechef: Ushng 4 hexiode 1M t ghorD. cMign the
capture 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 colo: 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, andgthéh maps
20 each of the calculated Dixels 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 a 3 by 3 format, averages or interpoalates 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 nentioned earlier, a separate and not-illustrated conputer can be
coupled to the connector 81, and the processing section 21 can upload to
that conputer the 30 inages or video clips stored in the nenory card 46.
The zoom control switch 63 is a rocker swtch. Pressing the upper end of
the switch 63 increases the 19 zoomfactor, and pressing the | ower end
decreases thmageoodetactor. 18,t hhexdrsctesed embodirepbrttiken zhaming a
continuous and can_range from 1X to 4X, but it would alternatively be
possi bl e toSu%6 aChomEBHEi nbbls PesM'S wYh 480erRd *8i ger ef&VEEFE| sthand/ or

h _ . . .
SONE 0 er&?&ghsr ajge. ¢ jhen égﬁtgkscé&?@goﬁysiﬁ%' ﬁ&&?%%%g”ge%lﬁsﬁg;“ the

factor of a center portion is extracted from eac produced

i mge det ecgobup8, whech tdeeciieiare porpilosl basawrshdedofirB32@ by 240 2
pi xel s. This center 10 portion is then displayed on the col or display 32,
with 5each BPXBRLfr oRVEREIEENt BF pbrEFBRCherA§ nEpPedt dPde@lls oén @éch

one-t o- F’”-eag%%gs L9, I £SBeGH, e g%f@ﬁ%gée&hﬁtigglﬁs'%ﬁé’ghg\rﬁ}hgdrﬁﬁé‘eeﬁﬂm

factor is the refornmatter ésse ITe 1 mage
fromthe inage twlet eclz@icullBedi Widesl 4 heopi xeliesfedthitei ragerd sponditigal |y

excl usi ve groups which each have 16 pixels arranged in a
pixel of the display 32.
In the disclosed embodiment, the zoom from 1X to 4X
10 is continuocus. When the zoom factor is between 1X and
2X, Dbetween 2X and 3X, or Dbetween 3X and 4X, the
reformatter 26 takes a corresponding_pgrtion 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. 4 i
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. EBach 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 1lower right corner of the display 32 is

incremented 1in response to each such adjustment.



4 by 4 format, averages or interpolates the 16 pixels of each group into a
single cal cul ated pixel, and-then maps 20 each of the calculated pixels to a
respective corresponding pixel of the display 32. Simlarly, when the zoom
factor is at 3X, the reformatter 26 essentially takes an inmage fromthe

i mge detector 18, extracts a center portion having a size of about 960

pi xel s by 720 25 pixels, divides the pixels of this center portion into

mut ual Iy excl usive groups which each havel® pixels arranged in a 3 by 3
format, averages or interpolates the 9 pixels of each group into a single

cal cul at ed ngxn%llar%\gd ttj%n S ?F?ivgezg{ SEE%ecalfchkg‘éﬁgt pis)év%g:rs%:&tﬁ & 2236[%' e

respective correspondi ng~pi xel of pray 3 i Il er

when the zogmdacted, i shat 2Xcithe r1eforosttier 26jessen i ablnwkakes fupm an
imge fromthe 20 inage detector 18, extracts a center portion having a

si ze of abouthe4prgidesles T80 npintes, ofli \wiesl shevitphxeleswdct hite déme er

portion into,nutually.exclusi groups, whi ch ch have 4 pixels arranged in
a2by25 f%%?yaégra 3o:£%ient%f%§?598§ t ep:})}@i s* Bf %ﬁ?m%}t&fg into
a single calgyhatLeh pi xeloraldi dhen, fmpgeeacdrtofot he calculaipd gexelgto a

respective corresponding pixel of the display 32. In the disclosed
enbodi nent, Wi AvomI r aradseso dike 1fetsctient LAdodDsS wien thhe mshmsftast or

i s between %éggnq‘(iﬁ, between, 2X and 3X, or be%pe n 3X a?gﬁfX%u%ggr £
reformatter ALY OO r E4FBRNATEL oYl of Bt are F REgR: ©
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 or decremented.

As mentioned above, the sight 10 is capable of
capturing and storing sinéle images, or short =wideo
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 wmore 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 wvideo clips. The user
presses the right side of the reticle switch 65 in oxder
to move to the next successive image or video clip, and
presses the 1eft.side of the reticle switch in ordexr 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 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.



and then groups, interpolates and maps the pixels of this portion into the
pi xel s of the display 32 in a manner 15 anal ogous to that discussed above.
Al t hough the zoomin the disclosed enbodinment is continuous, it would
alternatively be possible for the zoomfactor to be noved between discrete
zoom | evel s, such as the four discrete zoomlevels of 1X, 2X, 3X and 4X. 20
Wth reference to FIGURE 3, the rec'icle switch 65 is a four-way swtch,
and any one of the upper, lower, left oR2right sides can be manually
operated so as to respectively indicate a selection of up, down, left or
right. Each tine.the i 0, SWiqt C 54 uat ed, t

position of the F&%ié#%gg 1?fg% i%w% ?ﬂsﬁ%ﬁ Qﬁgmé%%|§gﬁﬁ%%e%%s%%cfggglﬁhe
di spl ay 32, aadd 8hysblket htheespesplip the idragerefulde seener 1%-avd ch ass
presented on the display 32. Each such actuation of the switch 65 causes
the reticl eSEDFEH0FPY o the nbYed ks diy -by JTBOPPFEdEHAAN nedURGREEH Ve

pi xel s, and_the _el evat.i on value 112.in the.lQwer_right. corn of .th

di splay 32 fnt?nulaﬁ‘cr ST aer}dlo%ls re%%onéléet osgégﬁ%suc : a jJU ne%?{:effatteﬁy
Simlarly, khathe lovwerassdelef tHies sphhebibd . i s waehuatad #hectebhclig
101- 105 is adjusted downwardly by the predeterm ned nunber of pixels with
respect to thepeditspiedy 3Zznainked hearflevdiisededl ue WY i sndudpenesredr 5

Simlarly, actuation of the left or right side.gg the s 'tch.QS éagses t he
reticle 101}5}5‘%(:?50&01320‘# usT et==P&F X BrSHPYRt War A% 6y At bPEJELEFN ned
nunber of 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 seene 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
Zb 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 section 21 will display the
indicator 120 with a larger diameter, thereby indicating
that the reticle center 101 is mnot 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 in a



pi xel s on the display 32, and causes the wi ndage value 1Ill in the |ower

| eft corner of the display 32 to be .0 either increnented or decrenented.
As mentioned above, the sight 10 is capable of <capturing and storing single
i mges, or short video «clips. In order to view these stored inages or
clips, the user presses the view switch 62, thereby causing the 15
processi ng section 21 to stop presenting |nages of the scene 17 on the

di splay 32, and to instead present either?3the first still image fromthe
menory card 46, or the first video clip fromthe nmenory card 46. If the

nenor car S n e o- ¢l t 0
y %%E?Q&%@ E@eLBan ope |nmoes pr, i deo- el ipye ﬁﬁﬁ%ﬁ?;"’he

119 will etoin cate that the user can nove forwar

i mages or vrﬁ@@.cltp&yéﬁyflyxna pregsesstihe rdeghtessdeiafl thiwe ambired eof
switch 65 in order to nmove to the next successive inage or video clip, and
presses the 3RFElarddsrenert r ofi ctie sWiit@rim andersighds revel backRard

through | he L0BgessQl vl d80celils. fhe (yievel adlealorod 9yl be; vl siole

except when ser I's VvIiéew ng the | a i meage or vi deo c Ip, e’ Vview

indicator 1180 || he wisébl mexcerpiusr\/r@@déaeoﬂsero I Squ¥Eewl ﬂtglé her {44 st
i mage or video clip. The view node is 30 ternmi nated by pressing the switch
62 a second @¥ n‘éhevvﬁrlélff—‘al’é‘hlfstesa tIPFél%T-ghfl e meo Vr}éfvlértihleorlettsl negntwde of

CPeTaON, 2y The BIBke il &R SN Slogn e, pRELAL cEho SO £ a0
has a relatively small diameter to 1indicate 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
fautoboiesightAralignment mode. When - this mode 1is
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 use 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. In the disclosed embodiment,
the body 211 and rod 212 are each made of metal, but they
could alternatively Dbe 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. In



sensed by the rate gyro 43. In particular, successive nmanual actuations of
the switch 61 will alternately 5 enable and disable this function- Wen this
function is respectively enabled and di sabl ed, the angular error indicator
120 is respectively visible on and omtted from the display 32. Wien this
function is enabled, the processing section 21 nonitors the output of the
rate 1.0 gyro 43. Typically, the user will be aimng the firearm and
attenpting to keep the reticle center 10EB%ccurately centered-on a portion
of the scene 17 which is considered to be a target. If the user happens to

be holding the. 4 eac MUty B8l aagy; heorabecuie 43.u || detegl LEtIe

or no angular notion of the sig and t Irearm Or 1n oOther wor

little or noniklaasyetse nbyegeildt bereahatGonskeguert Insdet BE pO&eSSt REr
section 21 wil| present the indicator 120 as a circle of relatively snal
di aneter, i rPeteePleo BRESHREat e The t BECUEEF thhf W& f Ar darwh ieceel agl

he user Y AEEHLALENSNe W BiI e Rl eled hBEESL 0 0L N 9L 08k T ang, ]

the user is having d i‘cu frrearmsteady, The ra yro 43

will detect the greaterusie@®s fl angttacemuemdr@f cEhenld r@armansos
sight. 25 Consequently, the processing section 21 will display the

i ndi cat or 1200 wheh Ugdcargeth dramerdet vt ek e@y L frdicsdt i igreshatl therearnel e
Gosi rabl o, TRTHES dLEH 5ol erbot RERC T Ranget PhCCRE - 3608 4 7o
the indicat gr1 12Q@rifi€00t ith4QUSthen I¥MEr 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 rod 213 act approximately uniformly in all
directions, -thereby causing the end 213 cf 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 f&rearm, which reduces thé centering 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 withif 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 reflective
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.



words, a progressive increase in the amount of angular novenent of the
firearmand sight results in a 23 progressive increase in the dianeter of
the indicator 120. Conversely, a progressive decrease in the anount of
angul ar novenent of the firearmand sight results in a progressive decrease
in the diameter of the indicator 5 120. The user will thus endeavor to
squeeze the trigger of the firearmat a point in time when the reticle
center 101 is centered on the target, ah8H when the indicator 120. has a
relatively small dianmeter to indicate that the firearmis currently being
hel d very steady. 1Q,T Ly n it 6h 60. on _the.swi tch panel s
boresi ght sw tch?n\/\ﬁ:ll}:lhh;i 'rsfg sé:gf’t gFier%\g%ﬁe 5an%:lgdiasa(gféggtﬁ%rqagcujtcob\égg‘gi g(fhf;El

al i gnnent nadeindken 241hicepmdesd sbyr especimueky @smabledrand digabhgda t he
aut oboresi ght alignnent indicator 117 is respectively visible on and 15
onitted frohprReiehnsplayigprenke erAdOEBi ght TAE gheeAtlenodel i h¥dl Vies t he

use of an additional piece of. equi nt., Ln _particular, FIGURE 4 is.a
di agr ammat i eePra§H%%?%%$%§F e S%EngEomfﬁéthebgﬂgikgi Fgﬁlepgpﬁﬁfsﬁﬁg
mounted on Lhetrhamr el1 201r&f a;fif |i@il€X,t hene atbeARuRt 26h 1205The baohel 201

has a bore 202 extending through-it. ‘boresight alignnment device 206 is
t enpor ari | yinnst aldesdexfd t pesaitiem engish the baffekt Therdevimda@o6or

i ncl udes a g#atekLke bod¥ 211, and %4 cgligdr'cal rod 212 whjch ext%nds
per pendi cul SV ERE - 25  BFatd@iide Hoty 13T1 SHE hds TGt T+ Fxe8Py F488ur ed
to the 242, which is the image detector 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 pfocessing 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 7image'processing teghniques 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 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 zreticle 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 1zresults 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 relative

30 positionébof 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



| ower end of the body 211. In the disclosed enbodi mrent, the body 211 and
rod 212 are each nmade of netal, but they could alternatively be nmade of
sonme 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
magneti zed. A frustoconical grommet 216 has a central opening, through
which the rod 212 extends. In 24 the disglosed enbodi nent, the grommet 216
is made of rubber, but it could alternatively be made of sone ot her
suitable material. The gromret 216 has a frustoconical surface 217, which
engages the dorer202 dgnullet ocplereendt HRtThehér Geracinicas swef doe Rdfan

permts the device 22@_ to. be_u eﬁymﬁt a variet ?; di fferent ty es. of
firearms ha%t hgt bor'es ¥ %ﬁngﬁe i hracid ﬁﬁPFﬁ%ﬁ e sgﬂﬁﬁﬁ¥ gqqlﬁﬁsures
that the |ef{nendofy thenr ad &d2t vkl Ishere SUBSLAM | 8hl o centered Wilace

respect to the bore of any 10 such firearm The ‘magnetic forces generated by
the right enilsobrt her odo2iB8ibhut iappraxiamayelkeynom fionnbyliletalplacement

di rections, -thereb¥ causing the end 213 of the rod 212 to be accurately '
centered wi tRFntPRetBEPET202. In this regard, the device 206 is designed so

that its center of ¥.g0aM tyglsntiqbhedLoiah efohng fndeof %Jﬁ@ré&kem
of the firearm which reduces the %enterlng orce required of the nmagnetic
field. As a oesukllofofhetlhmgnedjestheakd, bie déw cdi2GGaut ombghecal dye

orients itself so that the rod 2 is accurately centered, wi t-hin and thus
20 coaxi al m?gﬁe?ﬁﬁdbﬁrl&%fnh?ﬁ%%ztﬁéttr{% bhéflem%gﬂ%agaﬂy- This

avoids errors due to mechanical considerations such as

10 vibration, shock and wear. In the disclosed embodiment,
the electronic adjustments incluae electronic adjustment
of a zoom factor, and electronic adjustmégt.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
be easily effected without the need for any wechanical
change or adjustment.

Still another advantage relates to the provision of
capability to accurately measure the line}'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 is 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 alignﬁent can be

30 effected quickly and accurately.4 This avoids the

traditional approach of taking the firearm to a target

range and firing successive sequences of  bullets while



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 machi ned

t hereon, the surface 221 being 25 perpendicular to the rod 212 and thus the
axi s of the bore 202, for exanple through the use of precision nachining

t echni ques such as dianond point turning. Wth the boresight alignnent
device 206 properly installed and self-oriented at the end of the rifle
barrel 201, the 30 reflective surface 221°%i || "see" the i mage detector 18

| ocated within the sight 10, and will reflect back to the imge detector 18
an i mage of bteRldesZBrely hbthane@nNd,y FAGRELSnigS tthdli agrarmmmd i 6:nbeweof
an image 241 captured by the inmage detector 18 during a boresight alignnent
operation. Thed etlieiat 191 - 1081 04s 1 shéemss uperswposedaod tdwpsmabee 241 Iby

t he processin% g‘se tion 21 hFor'sjrgplicitx, the reticle 1Q1-105 is shown
in a centereBFESiTIGH,’ wit hifio of FEETRF0Y Wi nddge’ 1€S el vkl on. PTRE Fitage

241 i ncl udesq@ JRGIARAH abf POhE! N s 2 anbheNoirs dile Lprge detegt obe 18as
reflected back to itself by the reflective surface 221 on the boresight 0
al i gnnént devhee IR06 i e Mfegeerocessidngutestat juesoofreaxtkimownot ypbe

t he processin% section 21 can |l ocate the rectangular portion 242 within the
i mage 241, ahf & CuPRT %I centroid 246 of the rectangul ar portion 242.

These known 15 i mge HeaAesYy (R G4as: cathd Npbdide opelabipAseauUchng
described in detail, 1t 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.



as spatial filtering, threshol ding, segnentation, feature extraction, and
i mge correlation, and/or other suitable known-operations. The processing
section 21 can then conpare the position of the reticle center. 201 to the
20 position of the centroi;d 246, and automatically adjust the position of
the reticle 101-105 in terns of windage and elevation, in order to align
the reticle to the reflection of the inmpge detector, and thereby properly
align the reticle with the bore of the firearm 25 The present invention
provi des a nunmber of advantages. One such advantage results fromthe
provi si on oWHadpdld IGItAINRD de$ect the inpact of a firing pin striking a
cartridge. This provides the ability to accurately record an imge which
shows the relative 30 positions of the reticle and target, as viewed by a
user just beforg conbysti s wLthin, rter:i This provi des an
accurate record gr t he ex%g%?§%§%&hi%%&gﬁgi%ﬂge%$oglin bJT|§?§%Vac§§%§§ at
the target wasldukd:0 human error, which is not directly repeatable. In

particular, the user can viewthe staored image in order to isolate his or
her contribution @ oVaRYi8Er oFSThiBRI IEta | REEHEHS 5 afSERe §ar géew AR

further advaptage f*%”éé&é%@”lﬁh§s%?85a£§8h SYelri:N éﬂr%%%c? .the adjustnents

of the firearnlsléﬁt are Teffected ectronically, rat an mechanical | y.
This avoids errarsselueihg sechdnrcaiorodstderdticons phelsias 10mavénahton,
shock and wear. In_the disclosed enbodi nent, . o
of 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 sald 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 1is ©responsive 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 =zaid 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 images with said reticle

superimposed thereon.



the el ectronic adjustnents include electronic adjustnent of a zoomfactor,
and el ectronic adjustnent of reticle - w ndage and el evation. Further, the
reticle itself is electronically downl oaded into the firearmsight, and 15
significant changes in the reticle configuration can thus be easily
effected without the need for any nechanical change or adjustnent. Stil
anot her advantage relates to the provision of capability to accurately
nmeasure the line, of sight 20 angular rate, and to display for a user an
indication the currently sensed angul ar rate. This provides a person using
the firearmw th an indication of how precisely he or she is currently
controlling the optical line of sight, or in other words how steadily the
firearmis 25 cwyrently i_n i .t he intende arget._Still _another
advant age result%'frd%?tﬁ'%ﬁ?%§%%?o%gg%?gégﬁaﬁfﬂié%b%% gatgﬁﬁ%?%%Tl§aé§d

el ectroni cakeyhsalign skbe ibet i ¢l gcbhidkBe fd reapmisi ghttkeet heebererehithe
firearm Further, this automatic alignnent can be 30 effected quickly and
accur at el y. aFfies-eavwielse¥ he traditional approach of taking the firearmto a
targeé range and firing successive sequences of bullets while 27
progressively nechanically adjusting the reticle wi ndage and elevation,
which is tinme copsum A8 aREa@¥RENRS| ¥EcorBingalld Gl &m Ethe jieni 08aig -
provi des for precise neasurenent of the msalignnent of the scope relative
to 5 the bosensfinchesétrkéanmefdreichet bemdrassor Eéttevangf ¢he an output

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

-0 cartridge.



reticle position. Although one enbodi nent has been illustrated and
described in detail, it wll be understood that various substitutions and
alternations are possible without 10 departing fromthe spirit and scope of
the present invention, as defined by the followng clains. 28 WHAT IS
CLAIMED IS: 1. An apparatus conprising a firearmsight which includes: 5 a
vViewi ng section that permts a user to view an inmage of a target in
association with a reticle; a sensing seéfion for detecting a physical
novenment of said firearmsight which is characteristic of a firing pin
striking a cartridge; and 10 an i nmagi ng section responsive to detection by
said sensing section; of said physical novenent for saving an image of the
target and said reti che- abpamaa yzoi adbmpniking g usiepingr stewtdeirecih dHh of
sai d physical mpvenent. 15 2. An apparatus according to Claim1l, wherein
said i nagi RETEEES dh YT eSPoHsfie oo A% tPbnd b§CSRPd 1 5 h3F PG 3PP on of

sai d physi cgl veq&g%- i e f.d nages; t: t. 9y 4 nd
said reticl gthg% a %%gii %t%\eérl\r%g]ethlg%ﬁabgfg%r@@ef ore hgéecl?llecolnh?é%% s%i d 20-
physiscal noyefealle ongijpistaacdti npges iich saith slequeacel ibeitng sadiyit@pe
fromsaid point in tinme. 3. An apparatus according to Caim1, wherein said

i mage savedaByusarenitnegfng ecPPsa tiiem dfgigaid | wegécle relative to

the image.

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

effect said adjustment of the position of said reticle.

9. An 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.



i

25 4. An apparatus according to Caim3, wherein said view ng section
includes: a digital image detector capable of producing a sequence of

i mges of the target; and 30. a display on which said view ng section
presents for a user said sequence of images with said reticle superinposed
thereon. 29 5. An apparatus according to Caim1l, wherein said sensing
section includes a solid state electronic. acceleroneter. 5 6. An apparat us
according to Claimb5, wherein said sens?%g section effects bandpass
filtering of an output of said acceleroneter to select. energy with
frequency conponents characteristic of a firing pin striking a -0
cartridge. 30 7. An apparatus conprising a viewi ng section which permts a
user to view an LAnge ofla SEPRCATNhssORTRILIBANIW Bh &igihd t Aawiel cle,
sai d view ng. section_includin 5.reticle adjustnent rtion ic
facilitates ofgrtal S55]tﬁis?t%rneaﬁ%h gl?a}’ﬁggpgsiptqj%h ko r%%@a gﬁ Fl & f Jlgdlthcia\lje to
the i mage. &+ AR1appaiat ushbaccarirhid@e & aeMebr Yl pai dntd. 0 J=6itd cle
adj ustment portion permts a user to manually effect sai'd adjustnent of the
posi i on ofvismwinget fecgion from externally of said sight, said

viewing section permitting a user to view an image of a
scene in association with a digital reticle received

through said port.

0 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



9. An apparatus according to Claim?,,wherein said reticle adjustnent
portion permts a user to manually 15 effect said adjustnent of the
position of said reticle independently in two different directions. 10. An
apparatus according to Claim7, wherein said view ng section includes: 20
an i mage detector capable of producing a sequence of digital imges of said
scene; and a display which is visible toﬁ user and on which said view ng
section presents said sequence of digita images with said digital reticle
superi nposed thereon, 25 said reticle adjustnent portion effecting
adjustnent of the position of said reticle by changing the position at
whi ch said reticle is. superinposed on said dis I%y_. 11. An. apparatus
according to O at™ 7, p‘i%c"lg)%?h LYS SPTRFI LR ggt, &S Vi E%\Eﬁg St oh
bei ng a portiop: s KN Y | O 12. An apparatus conprising a
si ght havi n%i‘g@%/ﬁq vfﬁggéé’%t ygﬁ%gﬂﬁ%ﬁﬁ?a port through which a digital
reticle can be iatrodaged detestrani capaplenvd satatiucbnei ewsegnsecotd @t from
externally of said sight, said viewing section permtting a user to view an
i magé of a dk@rrli HMag8scPat iPorradeta digital reticle received through
said port. 0 13._A ARPAL t acgar di ng. _t. I ' ' i,ew ng
section includes® ar;’linl I mag}zl @e%%a%%%egaﬁepmrlo c;Mr%ggt:iés}éq en(:i(édsee\ﬂoeS

said sequence 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

0] a digital zoom portion which can digitally change an
effective size of said digital images as presented on

said display. _ . _



digital images of said scene; and a display which is visible to a user and
on which 15 said view ng section presents said sequence of digital inages
with the digital reticle superinposed thereon. 14. An apparatus according to
Claim 12, wherein said sight is arifle sight. 20 32 15. An apparatus
conprising a firearmsight with a view ng section which includes: an inage
det ect or capabl e of producing a sequence of 5 digital inages of a target; a
di splay on which said view ng section présents -'said sequence of digital
i mges, said display being visible to a user and having a resol ution which
is less than a resolution of said inmage detector; and 2 a digital zoom
portion which can digitally change an effective size of said digital imges
as presented on jgai d g sPhaY¥rarud3cok®riM Rpparatus conprising: a view ng
section which permts a user to view an inmage of a scene in association
with a reticle; & avsemsingg poction fwiridet petrimig snoxenerdr ot osariew veaw ng
section which has a conponent approxinmately transverse to a |line extending
fromsaid sééR&% @fsfaﬁ FCFReW Rg2§8OFLEHTL CAh st LR t FeE1§é6&ti on for
prOVIglng the user @b%ging 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

.0 information based on said movement of sald 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 is presented in association
with said scene and said reticle, and which has a size

that is varied as a function of changes in said movement

of said viewing section as detected by said sensing

portion.
20
18. An apparatus according to Claim 17, wherein
said indicator i1s a «circle which has a centerpoint
disposed at arpredetermined 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.



_O0 information based on said novenent of said viewing section detected by
said sensing portion. 17. An apparatus according to Caim 16, wherein said
i nformation provided by said further section 15 includes an indicator which
is presented in association with said scene and said reticle, and which has
a size that is varied as a, function of changes in said novenent of said
Vi ewi ng section as detected by said sensing portion. 20 18. An apparatus
according to Claim17, wherein said i ndi*fator is a circle which has a
centerpoint disposed at a predeterm ned |ocation on said reticle, and
which has a diameier thathd spyHt&£duasadcbunshiondfclaisharges ddesi
novenment of said view ng section as detected by said sensing portion. 719.
An appar at uss actbidi vg Ihd O et hd 161 eniarei $eCcsabd, nemareig deresttiod mndai d
sensi ng portti or}&jls a ratte, 30, of. an£I ar n%)verrent of . sai d view ng section
with respectt U vEFGTCA™ r BEEPENCESRECE DB APEPHaRat (¥ atedPditnt 1%
Aaiml6, inglyging arifle sight, said view ng section, sensing portion
and. further section being respective portions of said rifle sight. 5 35
21. Ag apparatus conprising a firearmsight which



i ncludes: a view ng section configured to permt a user to 5 view an inmage
of a scene in association with a digital reticle; a reticle adjustnent
portion which facilitates digital adjustnment of the position of said
reticle relative to said imge, said reticle adjustnment 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 @b alignment of said reticle in
relation to the firearmbore. 15 22. An apparatus according to C aim 21,
wherein said viewi ng section includes an image detector; and including a
device which is separate zfromsaid 20 firearmsight, which has a first

portion engageabl g1 W t hant Beokizeasam @@ﬁ%x&@&n@l%’mﬁ?i‘ﬁ&ﬁ@' didevi Gehida
position of alignnment with Fhe firearmbore, and which has a “second
portion wthmchefieecti ve .characteristic, said radiation representative of
a position of the firearm 25 bore bein .reflqgtion onto said i mage
detector by said aséﬁﬁﬂﬂlﬁ%rﬁﬁﬁﬁjéFla#%ﬁ%ﬁﬁ?%ﬁ'séFﬂ PREgE defeckBFY 3° 23.

An_appar at us; A&GOEN NGni9e O M, 22 her ehn &é’ci%i&ﬁ_egﬁiddl&’fsémﬁﬁgip@ﬂi on
effects said automatic adjusting of the position of said reticle I'n a
manner " 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 reticle in
relation to the firearm bore.

15 /

22. An apparatus according to Claim 21,

wherein sald viewing section includes an image
detector; and

including a device which 1s separate “from said

20 firearm sight, which has a first portion engageable with
the firearm bore for supporting said device in a ?osition
of alignment with the firearm bore, and which has a
second portion with a reflective characteristic, said
radiation representative of a position of the firearm

25 bore being a reflection onto said image detector by said

second portion of an image of said image detector.



5 which includes determning a centroid of said reflection of said inmage
detector, and then adjusting the position of said reticle relative to said
centroid.

36

23. An apparatus according to Claim 22, wherein
said reticle adjustment portion effects sald automatic
adjusting of the position of said reticle in a manner

5 which includes determining a centroid of said reflection
" of said image detector, and then adjusting the position

of said reticle relative to said centroid.





