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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,

5 through which a user observes a potential target.
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BACKGROUND OF THE INVENTION

Over the years, wvarious 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 Dbeen 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
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both mechanical factors and a human factor. The
mechanical factors include bullet ballistics, bullet

dispersion characteristics, 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 them. In contrast, the human

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
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appreciated that a need has arisen for a firearm sight which avoids some or all of the disadvantages

associated with pre-existing
such as wvariation in bullet caliber, this attempt to

predict the time at which the trigger was pulled is
inherently imprecise, and often reéults in the saving of
an 1image which is not particularly useful Dbecause it

5 represents a point in time too far before or too far
after the actual trigger pull. Moreover, the need 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 additiomnal
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.



5 sights. One form of the invention involves an apparatus that includes a firearm sight which has: a
viewing section that permits a user to view an image of a target in association with a reticle; a sensing
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 targetZand the reticle from a point in time just prior to
detection of the physical movement. 15 A different form of the invention involves an apparatus which

includes a vithi@%thﬁg@emﬁﬁg&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 200f

the position of the rétictenrelatiee t6 theeigwsigeg,  ¥et arthedformegintie mahtch itNGives an
apparatus which includes a sight haying a_viewing sectio %ﬂg hayving a port through which a digital
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digital imagesref@ tasgatiadisplayon whigh shenviewirghsection prasents-the seguense pf gdigital
images, the display being visible to a user and having a resolution which is less than a resolution of the
image detecEtCAAPR dighaltzoBRTPErESn Hhithsan dyitahF thakhe dRadRcie szetemEs igital

images as pigsented.ap the display,,; crAngther fqrm otthe igvertigndnyplves ap apparateis which.
includes: a viewing section that permits a user to view an image of a scené in association with a reticle;
a sensing pottoe ok HegecinPvsdnent dfenevieningld s&&iod With arconipameht approkimately
wapgverse (q 2 ling,gxiending figm fhe seene tg e dgwing,seclion: 3,2 ugthec sadliog far providing
the user with information based on the movement of the viewing section detected by the sensing
portion. 15Séhdnodrer formaof tte irseatideihveespamsive 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



apparatus having a firealm 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 facilitated
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 &ight which is representative of a position of a
firearm bore for automatically adjusting the position of the reticle to 25effect an alignment of the reticle
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sight of FIGURG it a3 seen-hy thgeeyarof a peesonivsingsthe sight  thiel IGPRE3 is- andiagrammatic
view of a switch panel which is a component of the sight of FIGURE 1, and which has a plurality of
marRially opérabRESHERESSERuRES i€ hRagrammatic fragmentary side view showing the rifle aight

of FIGURE 1 mounted onfhe balelh 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 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.



of a rifle, and showing a boresight alignment device tempnr2ri7y Installed in an outer end of the barrel;
and 4F/GTTP.P 5 is a diagrammatic view of an image captured 20by an image dgtector of the
rifle sight during a boresightalignmentoperation,withareticle superimposed on the image, D
75-ESCRYP'17. ON [CURE 1 is a block di agram Stegwing ac\ aviara tus is a digital rifle sint at, W?i
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be realized from the detailed description which follows,
taken in conjunction with the accompanying drawings, in
5 which:

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

FIGURE 2 is a diagrammatic view of a display which

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

FIGURE 3 is a diagrammatic 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.
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"VIg cf the digclossd@nbadinepbprodue’s 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 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 be implemented with .any other

suitable device, including a device having a larger or

smaller number of detector elements, or a type of device

25 other than a CCD array, such as a Complementary Metal
Oxide Semiconductor (CMOS) image sensor.

The image detector 18 produces a sequence of digital

color images of the scene 17, and this sequence of images

is supplied to a processing section 21. Although the
30 image detector 18 of the disclosed embodiment produces
color images, the images could alternatively Dbe

monochrome images, or black and white images. The



colorthecaaes ciculn"alt-le2olaat3>7227y Jr r:-Ewaj Tria.710Z1c7a. -21;s-ar aria_
7.17.5.e.aiit5c.Tten..rar& "fly 372-a-nziraull itrtEti w-eii &iat &ce saa 1t0":'
-e-creT.11:7:10.1aterro_Th71TjaVy., S raawion, '7.2Eticki.., ;LT, fr-that "Ct4r:3t2trintly-r,Z11 ICISPC3c,
crertryCrar.::flaz TiaTile-C' 'LI tfitiCGWcttLw W.CZE-glll;,

processing section 21 includes a processor 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 prdcessor 22, and may include more than one type of

5 memory . For example, the memory 23 may include a read
only memory (ROM) which contains a program executed by
the processor 22, as well as data that does not change
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
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silicon (LCOS) display, or a micro~e1ectro4mechanical
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 10 in
association with a firearm. In the disclosed embodiment,
the eyepiece optics 36 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.
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When the firing pin strikes a cartridge, the output
signal from the accelerometer 41 has a frequency spectrum
which 1s different from the frequency spectrum produced
in response to combustion .of the material within the

5 cartridge. Consequently, the processing section 21 can
distinguish a shock wave representative of the firing pin

striking a 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
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in directions transverse to a not-illustrated center line
6f the objective lens section 16.

10 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

15 alternatively be possible to use any other suitable
device for the removable memory card 46.

The sight 10 includes a battery 51 which, in the
disclosed embodiment, is a replaceable battery of a known
type. However, the battery 51 could 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 manuvally

25 operable switches, including a power switch 57, and
including several other switches 58-65 which are each
coupled to the processing section 21 and which are
discussed in more detail later. The battery 51 and the
external power connector 52 are each coupled to inputs of

30 the power switch ©57. When the power switch 57 is
respectively actuated and deactuated, 1t respectively

permits and interrupts a flow of current from the battexry
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or recoil which is'several orders of magnitude larger than the shock wave produced when the firing pin
strikes the catrieigb ris@ accefwemetern 4 P hde thetsensiivgadrl-bandididth pesded tocdetddt the

'relatively 20 .small shock wayve whi %is praduced when the firing pin strikes the cartridge, and also
has the dura%ﬁ’llﬁ/ﬁn%e é:d t\gﬁ vﬁth\gt%% ?heér%%c clg?ger Hsjr%dck l\%g%e 5?’%880%%\/%#.&%5 %%%(%chgg by the
ensding combustion Wwithirdtherdaatridgér 26&e sight 1@ Ao incllides adgysadcape 43 whichdias an

output coupled to the processing section 21, and which is referred to here as a rate gyro. In the
disclosed em%%%ﬁ?‘?@iﬁ’%fﬂ%trgf:e Y10 43 iéﬁpleﬁ?eﬁed ith A M‘gﬁxrs dé&vice w %ﬁ is vaifable

commercially-as-ga aumber 30ADXRS150 from Analog Devices, Inc.Although the disclosed
embodiment uses the Analog Devices ADXRS150 12 device, it would alternatively be possible to

implement the rate dyt& 48 Thtany Yt SGitabCdeies @ THRABRFGRS 487 PSR of Setecting

angular movemgph @fdhe gjghtHd ghedt-a et-lysteated yerical 15 axispMaichds spaeedirog the rate
gyro 43. Thus, the rate géro 43 is a highly sensitive device which is effectively capable of detecting

mov@ément ofFfB sEER1PM dieefor=ranBlerad td BFet il dstiRedPéentel ARe oftRE BbEERTR lens
section 16. ¢ pe 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



10The sight 10 also includes a removable memory card 46 which, when present in the sight 10, is
operatively coupled to the processing section 21. In the disclosed embodiment, the memory card 46 is
a memory card of the type commonly used in digital cameras. However, it would 15 alternatively be
possible to use any other suitable device for the remgwvable 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 cquld ternativel%be %120 recha#qéeable battery. The sight 10 also inclucof?\/ ap external
power connettor 52 Awfiich 'tiRbe SouplEF TSR eXternal ¥dtrce ot oWt SRR a8 Bofverts which

converts altegnading eefreRidAGhtedlitsict currert¢BEY-dA aYitch panghb6 hasa plurglityrefanually
25 operable switches, including a power switch 57, and including several ‘other switches 58-65 which

are each coupledt processing section 21 and which are discussed in more detail later. The

battery, 51 and the exjeip@lpower;congeciarRa-arggach counled todrpuis,af 3Q theirgwes switch 57.

When the power switch 57 is respectively actuated and deactuated, it respectively permits and
interbupts a fe® obe@renbiont iiee bemtery3¥3 Sifand/opthesonnectorising citduitepah witibig is
disposed within the. sight 10, and whic éequ'rfs lectrical power in.order to aperate. The. circujtry 71
includes the %Yfg%l&%eectop %lt e prgcessfé\g sg%:%lgn ZiP g‘aispjfg{/'driver T, thé co orrd}ls%ay 32,
the accelerometer 4t itheaateqyde4 3, @nd thimeinoyy Gid 46eserihe sightdlealsooifcludtes a

connector 81 which is cqupled to the processing section 21. The copnector 81 can can be used to
upload imagé5 §5ta%r \]zgeo Jata ﬁgl?}etHlef%éghp%o t5 %of&mﬁ%?ate(gego%ﬁﬁgr, &sgd%cl?]]égél@ ater. In
addition, the eprneetbs fdrcarsbelused tasdewnload arcelectranie retielefiemitre compptesimmthe sight

\10,1%5 also dj__'ls,(i:l;séslggn!;?nag%lincgllelﬁscilgs%jr%?{eergbcidiigggt, :tma %tyggcglEc%nfiguration of the connector

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



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 protoga], 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 vidésSStafderd whith 18orffdRkARhowh-as tREOMENGHTaI TélRGisBR SARERdY BB Himittee /
Phase Alterpating Ling QI};E%C/%@ESE@gda% 3Q:Hétthq_l§%q%%g empodinent, the,cannegiar 82 is a
standard component of the type commonly known as an RCA jack. However, it could alternatively be
any other Poeartared of the Eizplay 8R1RbReVER kA& psition whdiBehe iorge appearslen the
display 32, andufus the posian gtihe efide selade tg the image ofihe seene Lacaanhe adusted in
a manner which is described 5later e processing section 21 can aso superimpose some
additional infoxtration on the image of the scene 17. In this regard, the lower left corner of the display
32 includes a windage or azimuth a ustment value ]%ﬁn As Om ntloned earlrerrr,l the gosition of the
reticle 101-105 on the drsBFayC?fazscS e E&iust%a antier \ﬁ e is"HECUsE8E I more Getail later.
The windage adjustieen valug ddins aiensitva ot hegative gumber whieh @d@aeesme offget by which
the reticle 10%1105 has 15been adjusted either I(iftwardly or rightwardly from the

is regard, the lower 1left “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
b‘attery 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



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 20has been adjusted either upwardly or downwardly from the centered position shown in
FIGURE 2. The upper right corner of the display 32 has a battery charge indicator 113 which is
divided into three segments, and which is used to indicate the state of the 25 battery 51. In particular,
when the batterr)(/#:sefull .Ic;lhar%%dd @E trHeeziegments %f Ot}i_Je batﬁ(]a% e(E:harlge indicator 113 ar%gghlighted.
Then, as the Bat ery Betomes proogresswelf/%ﬁlscﬁarge%, the Rdmber ot segiments 0P e tery
charge indicatefitbh3ywhicivate kighlighted 3Dvdltpeagressively eecreaserhe  Theadeperleit:corner of
the display 14 presents an image count value 114, which relates to the fact that the_Oea..-}=t e
man-a_11h "G 4t i FsePG it PAkGeE E87 O4 P¥e BIPRitGRL 515 fe= AMAHES rment on
-Ere pane_ 56 a@WResl agy sha@a’camneaiialhA fed-peCdyBich remains  within

5 the memory card 46.

The top center portion of the display 32 has a
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



ather tes at twit dhes , , and/or to arrange the Carers n aria4sC.L.t artift. raon.. The 12_Q27..".. IcciS
alCrret-tly ift/P.22 Clirtr. US rth-C-d. arnt.1 r4Q-- rend,: 2ci a -chfrit-e9T,25,2-t. cussed agair irate.
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1-2 . Tin onewperationhle modey'tee Tuiddrawgai tsiattA2-agnd/or to arrange the
switches in a different configuration. The power switch
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 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
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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 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
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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, and/or saome 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 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



19 zoom factor, and pressing the lower end decreases the zoom factor. In the disclosed embodiment,
the zoom is continuous and can range from IX to 4X, but it would alternatively be possible to use a
non-continuous zoom 5 with several discrete levels, and/or some other zoom range. When the
disclosed system is operating at a zoom factor of 4X2 @& center 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 th | d gnythe color display 32, with each pixel from the center portion being
mapped dire%%lé%n a gg(ﬁ%o(?c% . b%%ié to%% ?erfs%(ggt%e pixéél( %I%ﬁeggisg%flé%%\/h%%theg oom factor is
at 1X, the reforamatter 26 Ehoessentialyotakes:aalentiroymag e fronp thesiiage detedide $8, divides the

pixels of that image into mutually exclusive groups which each have 16 pixels arranged in a 4 by 4
format, avergdé%eqofrsmtéjrglolet@lsyf%e f§8i§’<8% oﬁgéja{@ﬁléjr%upliﬁ’['éoa sfﬂ‘dgu(% ateT pixel>and then

maps 20eachetifipealavitaiethpixelstbaraspestive criespoading pixelatdhe display 32. Symilarly, when
the zoom factor is at 3X, the reformatter 26 essentially takes an image from the image detector 18,

extricts a céfEMrtionHATHE IS ze OF abbiut 550 pvRiStsy 76895 fixdR dRides He pd@fdof this

center portiog-igigmutyally exclysivg geoupswhigh each havedd pixels armrangsd ings3 by ddermat,
averages or interpolates the 9 pixels of each group into a single calculated pixel, and then maps each

of the calculated pirels &Pd S0 taspedtive tharespohding piXet SPHE Wisfiay STAS SHIPAASAET

example, W'}{?fxtgf zggmtfﬁ%toaif gg(vthflzreformatter 26 essentially takes from an image from the
20 image detector 18, extracts a centerportion having a size of about 640 pixels by 480 pixels, divides

the pixels of this cehter portion inte hoasally exbladiveemaups tWhichasawgh haved pixels arrdiged in a 2
by lomat g SLsooa i b osah Yl 4 St i e
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.



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, talce a
corresponding portion of an image, and then groups, interpolates and maps the pixels of this portion
into the pixels of the display 32 in a manner 15analogous to that discussed above. Although the zoom
in the disclosed embodiment is continuous,it would érnatively 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.
20With refereniceitbFGURE 3,fthe térAclelswitel 65ds ddouranfay switeh, aneiamyhonesef the spper,
lower, left or right sides_can %e]: manually operated so as to res%eégtivel indicate a selectjon of up,

down, left or AGAtEAG time the upFérsideof Hre switch 655s Rikt&S the PUSHRT O the Reticle
101-105 is agiHsteehwpwardhy-vith Easpegh i the display, 8Zeand thuspmth respectto 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 bé1 piardiyZBiFa S8 reibesfAfidanUYTbErof pixels, Afd ReSrsRgRRSAlue 112 in
the lpwer right Goraer,of ihe display,32 isncrgmepied in lesponsg to.eagh such agiustgent., o
switch 65 causes the reticle 101-105 to be adjusted
leftwardly or rightwardly by a predetermined 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 or 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.
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The angle rate switch 61 can be operated to enable
and disable the display of an angular error rate, as
sensed by the rate gyro 43. In particular, successive
manual actuations of the switch 61 will alternately

5 enable and disable this function. When this function is
respectively enabled and disabled, the angular error
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.

InA 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
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progressive increase in the diameter of the indicator

120. Conversely, a progressive decrease in the amount of
angular movement of the firearm and 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 firearm at a point in time when the reticle center
101 is centered on the térget, and when 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
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the disclosed embodiment, the grommet 216 is made of

rubber, but it could alternatively be made of some other
suitable material. The grommet 216 has a frustoconical
surface 217, which engages the bore 202 at its outer end.
5 The frustoconical surface 217 permits the device 206
to be used with a variety of different types of firearms
having bores of different sizes. Further, the surface
217 ensures that the left end of the rod 212 will be
substantially centered with respect to the bore of any
10 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.
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In this regard, FIGURE S5 1is a diagrammatic view of

an image 241 captured by the image detector 18 during a

- boresight alignment operation. The reticle 101-105 has

been superimposed on the image 241 Dby the processing
section 21. For simplicity, the reticle 101-105 is shown
in a centered position, with no offset for windage or
elevation. 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
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
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
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.

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

provides an accurate record of the extent to which an
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error in bullet placement at the target was due to human

error, which is not directly repeatable. In particular,

the user can view the stored image 1in order to isclate

his or her contribution to any error in bullet placement
5 at the target.

A further advantage results from the fact that some
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, 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
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In this regard, FIGURE 5 is a diagrammatic view of an image 241 captured by the image detector 18
during a Poresight alignment operation. The reticle 1317105 has been superimposed on the image 241
by the processing 5 section 21. For simplicity, the reticle 101-105 is shown in a centered position, with
no offset for windage or elevation. The image %ﬁ includes atrectan lar portion 3:12, which is the
image detect(ﬁﬁ%gﬁe@ﬁé&@ badlo %?%@ & refléctivd sudce %ﬁ ontthé PofesihtaftFment
device 206. arldsirg imageiprecesaingtechriquesmef xkrewmiypg, hedrecessing seetion Zhcan
locate the rectangular portion 242 within the image 241, and calculate the centroid 246 of the

rectangular p&taait 282 Fdese knbWf 15 idAYEHrd@sing BEHiik RS can ihekide opdafidsSsuch as
spatial filtering, dbreshelding: segmentation; eaiurg exiragtiograndimage spuelation, aadior pther

suitable known operations. The processing section 21 can then compare the position of the reticle
cente’. 101 totthe Zoqssition ot iive dehtrerir2u6, and aatehwitiedliycadigst teasositionad tHdyeticle
101-105in terrréscofcviigd e :ilr%d glgVation, in order to align the reticle to the reflection of the image
detector, and 3fﬂheré‘by pro%%ﬁy aﬁgn the reticle with the bore of the firearm. 25The present invention
provides a number oRddvantages. Qe sucibadiantage rdsakts fioaethe [rovision:of cagabiitydo detect
the impact of a firing pjn striking a cartridge. This proyides the ability to accyrately record an image
which shows BETEARE 50 PO A€ Srtne Feiclant (HGet B GEARHE atLaF SIS

combustion staip atithinithecastridgend hisgrewges an ageuraterecorg oktberexeent wiwhiean
10 departing from the spirit and scope of the present

invention, as defined by the following claims.



progressively mechanically adjusting the reticle windage and elevation, which is time
consuming and expensive. In particular, the invention provides for precise measurement of
the misalignment of the scope relative to 5 the bore of the firearm, and automatic correction
of the reticle position. Although one embodim2at has been illustrated and described in
detail, it will be understood that various substitutions and alternations are possible without
10departing from the spirit and scope of the present invention, as defined by the following
claims. 28 WAAT1S CLAMED IBs: 1. An apparatus comprising a viewing section which
permits a user to view an image of a scene in association with a digital reticle, said viewing
section including a reticle adjustment portion which facilitates digital adjustment of the position
of said reticle relative to He immgeratul. Aongpparats accortkng toyclaiar it iwhendiyi said

reticle adju nggrtg)nL%%rpité a |yser to ma | effegt said adjustment of the.pasition of
said reticle.%. 3. An apparatus gccorging to crﬁﬁiﬁgle, v%er%ins"scaefc!}1 Feticle %8@%%8?%% &I)lrtion
permits a usEld nfandady efectizzdid adfustrierdtof e postios of Saidreticle Inddgendantly

in two differgpt direeliong s us AnARLAPPREALLS ACCORGING.Ip Claim. 17 whereln saig;viewing

section includes: an image detector capable of producing a sequence of digital images of said
scene; and 3 WEFEYSRTich s HieBIPRP bheRaRd offwRich¥aid VR witd 3B4TEh presehts
said sequengggkdigital images with said digital reticle superimposed thereon, said reticle
adjustment portion effecting adjustment of the position of said reticle by changing the position
at which said reticle is superimposed on said display.

2. An apparatus according to claim 1, wherein said

reticle adjustment portion permits a user to manually

effect said adjustment of the position of said reticle.

3. An apparatus according to claim 1, wherein said
reticle adjustment portion permits a user to manually
effect said adjustment of the position of said reticle

independently in two different directions.

4. An apparatus according to c¢laim 1, wherein said
viewing section includes: an image detector capable of
producing a sequence of digital images of said scene; and
a display which is visible to a user and on which said
viewing section presents said sequence of digital images
with said digital reticle superimposed thereon, said
reticle adjustment portion effecting adjustment of the
position of said reticle by changing the position at which

said reticle 1s superimposed on said display.

5. An apparatus according to c¢laim 1, including a
rifle sight, said viewing section being a portion of said

rifle sight.



5. An apparatus according to claim 1, including a rifle sight, said viewing section being a
portion of said rifle sight. 29 6. An apparatus comprising a sight having a viewing section
and having a port through which a digital reticle can be introduced electronically into said
viewing section from externally of said sight, said #wing section permitting a user to view an
image of a scene in association with a digital reticle received through said port. 7. An
apparatus according to claim 6, wherein said viewing section includes: an image detector
capable of producieg a sefueppe of tigitatitnagesohspid seane;angka display whishisg
visible to a user,and on which_said viewing sectjan presents, said sequence of digital images
with the digital Teficia s%%grﬁqn%%égg tﬁﬂerg%)ﬁ E '&g% Rﬁ%lp‘f)‘?g%acfg‘s AcSoraing o c%ﬁﬁ%g,lg
wherein saidsightés ariflesiginted e Dedrrapparalusycdmprsing affiredemisightagitic don
viewing secpopihighiinclideri an image defgctor egpable of praduging giseruencg of dlatal
images of a target; a display on'which said viewing section presents said sedquence oflé}lgital
images, sai@efEpiaF befg AsibleS®ra user afd BdvingTa ressidivn whichads lessshan ain
resolution ofsaiddmagesseteater apd adigital zoemyacriign which: ca digitally,ghange;an
effective size of said digital images as presented on said display. 10. An apparatus
comprising BFit&arm sight which includes: a viewing section configured to permit a user to
view an image of a scene in association with a digital 30 reticle; reticle adjustment portion
which facilitates digital ag%stment of t;[he position of said reticlg relative to said image, said
reticle adjustment portioh beigrasponsive o radiatioh received By siid AFE&HTSghtfich is
representativeeof iangosiientafenfirdarail hdessfor antomaticadly ddjtisting the posiioncof sdid
reticle to eff [ nt of said reticle-in yelation,to the firearm.bare. 11. An
apparatus asc%%%ailr% %%%ir%%%%é%eié%sa%l\%\%%g slentl:atli%%sinpgdesg' %’1?11 in%ggél %"eteacl%gr;
and includirdy fderéawhighiis Beparateiffor kaidtirearmusight, whigh das atitstpostond
engageableyyith, the;firearn hoke forsuppedingspid devicein-a pe%timgﬁ%'éqnnm@f@@ the
firearm bore, and which has a second portion with a reflective characteristic, said radiation
representatifedt £ PGsifida b fe fitatmlSord RsiAg BORARELGH BRR&PBaid image detector by
said second portion of an image of said image detector. 12. An apparatus according to
claim 11, wherein said reticle adjustment portion §f,fects said automatic adjusting of the

position of said reticle ina mARKEARAILR iR IRES IR mhiiry 8 tBnifoid BREARTRLASEISh of
said image detgetor] and tlrér hejustinbtthe position of said reticle relative to said centroid.

9. An apparatus comprising a firearm sight with a
viewing section which includes: an image detector capable
of producing a sequence of digital images of a target; a
display on which said viewing section presents said
sequence of digital images, sald display being visible to
a user and having a resolution which ig less than a
resolution of said image detector; and a digital zoom
portion which can digitally change an effective size of

said digital images as presented on said display.

10. An apparatus comprising 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
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reticle; reticle adjustment portion which facilitates
digital adjustment of the position of said reticle
relative to gsald image, sald reticle adjustment portion
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 retiecle in relation

to the firearm bore.

11. An apparatus according to claim 10, wherein said
viewing section includes an image detector; and including
a device which is separate from said firearm sight, which
has a first portion engageable with the firearm bore for
supperting said device in a position of alignment with the
firearm bore, and which has a second portion with a
reflective characteristic, said radiation representative
of a position of the firearm bore being a reflection onto
said image detector by said second portion of an image of

saild image detector.

12. An apparatus according to claim 11, wherein said
reticle adjustment portion effects said automatic
adjusting of the position of said reticle in a manner
which includes determining a centroid of said reflection
of said image detector, and then adjusting the position of

gald reticle relative to salid centroid.





