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FIG. 2A

(57) Abstract: An optical projection system (12) for a weapon system aiming scope (10) having at least objective and ocular lenses (24,
26) defining an optical path through which a target image (30) is observed. The projection system (12) includes a primary beamsplitter
(62) positioned in the optical path, a secondary beamsplitter (64) positioned adjacent the primary beamsplitter (62) and ot the optical
path, a micro-display (60) that provides a data image (38, 88) containing targeting information (100, 101, 102, 1 04, 106, 108, 1 10,
1 1 2), and an illumination source (52). The illumination source (52) generates light directed through the secondary beamsplitter (64)
to illuminate and reflect off the micro- display (60) so as to define a reflected data image (88), and the secondary beamsplitter (64)
directs the reflected data image (88) into the primary beamsplitter (62). The primary beamsplitter (62) combines the data image (88)
with an optical target image (30) in the optical path so as to convey targeting information (1 00, 101, 102, 1 04, 106, 1 08,1 10, 1 1

[Continued on next page]
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2) to a shooter or spotter viewing the optical target image (30).
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OPTICAL TARGETING INFORMATION PROJECTION SYSTEM FOR
WEAPON SYSTEM AIMING SCOPES AND RELATED SYSTEMS

Related Applications

[0001] This application claims priority to U.S. Provisional Patent Application
No. 62/398,296, filed September 22, 2016, and incorporates the same herein by

reference.

Technical Field

[0002] The present invention relates generally to devices that display
targeting information to a shooter, and more particularly, to such devices that
may be mountable to a firearm and display such information through a weapon

sighting scope.

Background
[0003] Weapon-mounted targeting display devices cooperate with a firearm

scope to present certain targeting information within a sight picture (or field of
view (FOV)) that presents an image of a target. Such targeting display devices
thus enable a shooter to view the target and the targeting information
simultaneously without breaking cheek-to-stock weld, or otherwise losing target
awareness. Such display devices may communicate with a ballistic computer
(also referred to as a "calculator” or "solver") that calculates a ballistic solution
using known equations and variables including bullet type, range to target, cant
angle, angle of incline/decline to target, wind speed and direction, elevation,
temperature, humidity, and barometric pressure, for example, measured by
various sensors. The ballistic solution generated by the ballistic computer may
then be displayed in various forms by a display unit to the shooter.

[0004] Various known targeting display devices generate a digitally
reproduced image of a target, and overlay targeting information on the digitally
reproduced image. A notable disadvantage of this design is that upon an
unintended power failure of the display device, the digitally reproduced image
generated by the display device disappears, leaving the shooter unable to view
the target directly with the scope. Others have attempted to integrate an entire

system into a single optical device or to display limited information. Accordingly,
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there is a need for improvement to address these and other shortcomings of

known firearm-mounted targeting display devices.

Summary
[0005] Data input or information displayed to the operator of a given optical

system may be provided within the field of view using an optical projection
system of the invention, such that the data is provided via a superimposed
projected image, emanating from an internal illumination engine, housed within
the given optical system. The given optical system (such as a rifle scope,
binoculars, spotting scope, etc.) containing the projection system super-imposes
data pertaining to the required information such that the operator can accurately
define the relationship between said operator and a selected target without loss
of continuous visual contact with the target. This data could include
measurements of range to target, angle and incline to target, position, ambient
temperature, wind velocity, operator position, or any other variables required to
define the relationship between operator and target.

[0006] The defined relationship between operator and target can then be used
for calculating a ballistic solution, logistics solution, aiming point, or any number
of other applications where remote target data is required. The projection system
allows for selectable on-off visibility that removes all aspects of the data, and
data display region, from the FOV, providing superior image clarity and a fully
unobstructed FOV for the operator as desired.

[0007] Use of the disclosed projection system allows for the data image to be
composed of one or more micrometer sized pixels, providing the smallest
possible obscuration within the FOV, which can also be freely positioned across
a large portion of the FOV. This is a substantial departure from other systems
such as fixed-location, large obscuration 7-segment digital displays. The
projection system is capable of displaying data information in the form of any
combination of one or more pixels such as alphanumeric characters, shapes, or
symbols, for example. The projection system allows for the use of a single
micro-display panel to produce images in any combination of red, green, or blue
within the visible spectrum, as well as the potential to produce images in infrared
(IR) or ultraviolet (UV) wavelengths, allowing for use with night vision goggles.
The projection system may also enable manual or automatic adjustments to

display intensity.



2017332754 06 Jul 2021

[0007a] According to one aspect, there is provided an optical projection system
for a weapon system aiming scope having at least objective and ocular lenses
defining an optical path through which a target image is observed, comprising:

a primary beamsplitter positioned in the optical path between the objective
and ocular lenses;

a secondary beamsplitter positioned against the primary beamsplitter and
off the optical path;

a micro-display that provides a data image containing targeting information;
and

an illumination source,

wherein the illumination source generates light directed through the
secondary beamsplitter to illuminate and reflect off the micro-display so as to
define a reflected data image,

wherein the secondary beamsplitter directs the reflected data image into the
primary beamsplitter, and

wherein the primary beamsplitter combines the data image with an
optical target image in the optical path so as to convey targeting information to a
shooter viewing the optical target image.
[0007b] According to another aspect, there is provided a targeting information
system of networked components for a weapon that fires a projectile from a
barrel, the system comprising:

a first optical sighting scope mountable on a weapon and having at least
objective and ocular lenses defining an optical path through which a target image
is observed;

a first optical projection system, comprising:

a primary beamsplitter positioned in the optical path between objective
and ocular lenses;

a secondary beamsplitter positioned against the primary beamsplitter
and off the optical path;

a micro-display that presents a data image containing targeting
information; and

an illumination source;

a processor programmed to calculate a ballistic aiming solution;
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at least one environmental sensor to provide environmental data selected
from the group of temperature, atmospheric pressure, humidity, wind speed, wind
direction, elevation, and location;

a rangefinder;

an orientation sensor to provide at least one orientation datum selected
from aiming angle, cant of the optical sighting scope relative to a weapon barrel,
and azimuth;

the environmental sensor, rangefinder, and orientation sensor
communicating data to the processor, the processor using the data to calculate a
ballistic aiming solution and communicating the solution to the micro-display, the
illumination source generating light directed through the secondary beamsplitter
to illuminate and reflect off the micro-display so as to define a reflected data
image, and the secondary beamsplitter directing the reflected data image into the
primary beamsplitter;

wherein the primary beamsplitter combines the data image with an
optical target image in the optical path so as to convey the aiming solution to a
shooter viewing the optical target image through the ocular lens.
[0007c] According to a further aspect, there is provided a targeting information
system further comprising:

a second optical scope for an observer, the second scope not mounted on a
weapon and having at least objective and ocular lenses defining an optical path
through which a target image is observed;

a second optical projection system, comprising:

a primary beamsplitter positioned in the optical path between the
objective and ocular lenses;

a secondary beamsplitter positioned against the primary beamsplitter
and off the optical path;

a micro-display that presents a data image containing targeting
information; and

an illumination source;
a communication means for receiving data from at least one of:

a processor programmed to calculate a ballistic aiming solution;

at least one environmental sensor to provide environmental data
selected from the group of temperature, atmospheric pressure, humidity,

wind speed, wind direction, elevation, and location;

-3a-
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a rangefinder;
an orientation sensor to provide at least one orientation datum
selected from aiming angle, cant of the optical sighting scope relative to a
weapon barrel, and azimuth; and
the first optical sighting scope,
wherein the received data is communicated to the micro-display, the
illumination source generates light directed through the secondary beamsplitter
to illuminate and reflect off the micro-display so as to define a reflected data
image, and the secondary beamspilitter directs the reflected data image into the
primary beamsplitter;
wherein the primary beamsplitter combines the data image with an
optical target image in the optical path so as to convey the aiming solution to an
observer viewing the optical target image through the ocular lens.
[0008] Other aspects, features, benefits, and advantages of the present
invention will become apparent to a person of skill in the art from the detailed
description of various embodiments with reference to the accompanying drawing
figures, all of which comprise part of the disclosure.

Brief Description of the Drawings

[0009] Like reference numerals are used to indicate like parts throughout the
various drawing figures, wherein:

[0010] FIG. 1is a side view of a sighting scope having an integrated optical
projection system according to an exemplary embodiment of the invention;
[0011] FIG. 2is a partially cut-away, longitudinal sectional side view of the
firearm scope, schematically showing light beams traveling through the scope
from a distant target object to form an optical target image, and being combined
with light beams directed from the optical projection system to form a data image,
the combined light beams forming a sight picture visible to a shooter through the
scope eyepiece;

[0012] FIG. 2Ais an enlarged, sectional view of the optical projection system
of the embodiment shown in FIG. 2;

[0013] FIG. 2B is a partially exploded isometric view of the optical projection

system embodiment;

-3b-
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[0014] FIG. 3Ais a first side isometric view of an optical projection system
embodiment, shown with a support element;

[0015] FIG. 3B is a partially exploded isometric view thereof;

[0016] FIG. 4 is a view of the optical projection system similar to FIG. 3A,
shown without the support element;

[0017] FIG. 5is a second side isometric view thereof with the micro-display
omitted for clarity;

[0018] FIG. 6Ais a first side elevation view thereof;

[0019] FIG. 6B is a rear elevation view thereof;

[0020] FIG. 6C is a second, opposite side elevation thereof;

[0021] FIG. 7 is a schematic side view of select imaging components of the
optical projection system, showing light beams forming an optical target image
being combined in a primary beamsplitter with light beams forming a data image
to form a sight picture visible to a shooter through the scope eyepiece;

-3¢c-
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[0022] FIG. 8 shows an exemplary sight picture visible to a shooter or spotter
through the scope eyepiece at high magnification and presenting an optical
target image and a data image super-imposed on the optical target image;
[0023] FIG. 8A shows a similar depiction at low magnification and showing a
projected aiming point; and

[0024] FIG. 9 is a diagrammatic view of an exemplary targeting information

system that includes the firearm scope optical projection system.

Detailed Description
[0025] With reference to the drawing figures, this section describes particular
embodiments and their detailed construction and operation. Throughout the

specification, reference to "one embodiment,” "an embodiment,” or "some
embodiments" means that a particular described feature, structure, or
characteristic may be included in at least one embodiment. Thus appearances of

the phrases "in one embodiment,” "in an embodiment,” or "in some
embodiments” in various places throughout this specification are not necessarily
all referring to the same embodiment. Furthermore, the described features,
structures, and characteristics may be combined in any suitable manner in one or
more embodiments. In view of the disclosure herein, those skilled in the art will
recognize that the various embodiments can be practiced without one or more of
the specific details or with other methods, components, materials, or the like. In
some instances, well-known structures, materials, or operations are not shown or
not described in detail to avoid obscuring aspects of the embodiments.

[0026] Referring now to the various figures of the drawing, and beginning with
FIGS. 1 and 2, a telescopic firearm sight (i.e., scope) 10 including an integrated
optical projection system 12 according to an exemplary embodiment of the
invention is shown. The scope 10 as shown is suitable for use with a rifle, for
example. In alternative embodiments, the optical projection system 12 may be
integrated within a scope configured for use with various other types of weapons
or in a spotting scope separate from a firearm.

[0027] The scope 10 has a body that includes a scope tube 14 having a
length extending along a longitudinal scope axis (optical axis), an objective bell
16 extending distally from the scope tube 14 and defining a first ("objective") end

18 of the scope 10, and an eyepiece 20 extending proximally from the scope
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tube 14 and defining a second ("eyepiece" or "ocular") end 22 of the scope 10.
As shown in FIG. 2, the scope 10 houses an optical magnification system along
an optical path that allows a shooter to observe distant target objects, and
includes three major assemblies: an objective lens assembly 24, an ocular lens
assembly 26, and an optical element assembly 28, further described below.
[0028] Referring to FIG. 2, the objective lens assembly 24 is housed within
the objective bell 16 proximate the first end 18 of the scope 10 and is configured
to create an optical image of a distant target object. In the embodiment shown,
the objective lens assembly 24 includes first and second objective lens elements
axially spaced from one another. The ocular lens assembly 26 is housed within
the eyepiece 20 proximate the second end 22 of the scope 10, and is configured
to present to the shooter the optical image of the distant target object created by
light gathered through the objective lens assembly 24. In the embodiment
shown, the ocular lens assembly 26 includes an ocular lens element. The optical
element assembly 28 is housed within the scope tube 14 and a portion of the
objective bell 16, between the objective lens assembly 24 and the ocular lens
assembly 26, and is configured to manipulate the optical image created by the
objective lens assembly 24 before presenting the optical image to the shooter
through the ocular lens assembly 26. In the embodiment shown, the optical
element assembly 28 includes a collector element, an erector element, and a
reticle piece, all of well-known construction. The reticle piece can include a
physical reticle that is viewable by the shooter when the shooter views the optical
image presented by the ocular lens assembly 26.

[0029] As shown schematically in FIG. 2, the three optical assemblies 24, 26,
28 of the scope 10 cooperate generally as follows. Light beams 30 emanating
from a distant target object are directed into the objective lens assembly 24,
which creates an optical image of the distant target object focused at a first focal
plane. The collector element collects these light beams 30 and directs them
toward the erector element. The erector element causes the optical image to be
inverted and magnified, and causes the light beams 30 to be focused at a second
focal plane. Advantageously, the reticle piece may be positioned at the same
location as the second focal plane such that the optical image formed there is at
the same focal distance from the ocular lens assembly 26. Alternatively, the

reticle piece may be positioned at the same location as the first focal plane. The
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shooter looks through the ocular lens assembly 26, via the eyepiece 20, to view
the optical image of the distant target object along the optical path in combination
with the reticle, which appears superimposed on the optical image.

[0030] Asshownin FIGS. 1 and 2, the scope tube 14 includes a saddle
portion 32 that supports one or more adjustment knobs or turrets 34 that may be
rotated to adjust internal optical components of the scope 10, as desired. In the
embodiment shown, the scope 10 includes an elevation adjustment turret 34 that
may be rotated to selectively adjust a vertical position of the reticle piece relative
to the optical image, and a windage adjustment turret 36 that may be rotated to
selectively adjust a lateral position of the reticle piece relative to the optical
image.

[0031] As shown schematically in FIG. 2, the optical projection system 12 can
be integrated within, or otherwise coupled directly to, the eyepiece 20 and/or
scope tube 14 of the firearm scope 10. As described in greater detail below, the
optical projection system 12 generates a digital data image, represented in FIG.
2 by arrow 38, and projects the data image 38 through a series of prisms with
coated surfaces (generally referred to as a “beamsplitter,” even when operating,
as here, to combine beams of light) so as to combine the data image 38 with an
optical target image, represented in FIG. 2 by arrow 30, generated by the
objective lens assembly 24. More specifically, the optical projection system 12
superimposes the digital data image 38 onto the optical target image 30, and the
combined images 30 ,38 are presented to a shooter through the eyepiece 20. In
this manner, an optical path extends directly between the distant target object
and the eye of the shooter, with minimal disruption of the field of view by the
digital data image 38 being superimposed by the optical projection system 12
onto the optical target image 30.

[0032] Advantageously, projection of the digital data image 38 generated by
the optical projection system 12 may be selectively activated and deactivated by
the shooter/spotter as desired. For example, the projection system 12 may be
placed in an ON mode in which the digital data image 38 is generated and
projected into the field of view (or sight picture) visible to the shooter through the
eyepiece 20. Alternatively, the projection system 12 may be placed in an OFF
mode in which generation and/or projection of the digital data image 38 into the

sight picture is deactivated, such that the sight picture viewed by the shooter
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through the eyepiece 20 presents only the optical image 30 of the distant target
object, optionally in combination with a physical reticle image. Accordingly, a total
failure of the projection system 12, such as by loss of electrical power, will default
to a fully functional, traditional riflescope with a manually adjustable, physical
reticle.

[0033] Referring to FIGS. 2A and 3-7, features of the optical projection system
12 are shown in greater detail. As shown best in FIGS. 4-6C, the optical
projection system 12 includes a circuit board assembly 40 that is situated as a
frame-like structure in the optical projection system 12. The circuit board
assembly 40 includes an upper circuit board portion 42 that extends generally
vertically, and lower circuit board portions 44a, 440 that are coupled to and
extend generally horizontally and outwardly from a rear face of the upper circuit
board portion 42. As shown, the lower circuit board portion may include first and
second levels 44a, 44b. For example, the first of the lower circuit boards 44b may
be dedicated, for example, to regulating a supply of electrical power provided by
an external power source {(not shown), such as via a cable with a detachable
connector 45. The second of the lower circuit boards 44a may be dedicated, for
example, to circuits for the ballistic solution processor and data memory. The
upper circuit board portion 42 can be formed with a generally circular or “donut”
shape so as to be received within the scope 10 in an orientation substantially
transverse to the primary optical axis of the scope 10 and to generally conform to
an inner wall of the scope housing with a central opening. This circuit board
portion 42 may include circuits dedicated to generating the graphic data display
image and driving a micro-display 60. Accordingly, in the embodiment shown, the
upper circuit board portion 42 defines, at its center point, a longitudinal axis along
which the optical projection system 12 extends, which axis aligns coaxially with
the scope’s optical axis. This novel construction allows the circuitry to be
contained within a housing having a smaller sectional and axial profile.

[0034] Asshown in FIGS. 3A and 3B, the support body or elements 46 can
couple to the upper circuit board portion 42 via fasteners (not shown) received
through bores 48 formed in the support element 46 and openings 50 formed in
the upper circuit board portion 42. The support element 46 and bottom support
element 47 (in combination with the circuit board assembly 40, if desired)

structurally support and protect the optical and electrical imaging components of
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the optical projection system 12, further described below. The support elements
46, 47 may also function as a heat sink for absorbing and dissipating heat
generated by one or more of the display components. As shown, the support
element 46 may be formed as a generally circular cylindrical extrusion having
various axially and radially extending cut-out features and facets to
accommodate corresponding imaging or control components, portions of the
circuit board assembly 40, and other internal elements of the firearm scope 10.
The bottom support element 47 may be detachably attached with threaded
fasteners for ease of assembly and maintenance. The support elements 46, 47
can provide optical unity of the various components to maintain rigidity and
critical alignment during the significant and repeated impact of recoil generated
by the weapon system to which the scope 10 may be mounted.

[0035] In addition to providing a mounting base for certain imaging
components of the optical projection system 12, the circuit board assembly 40
functions electronically to assimilate input data and to output graphics to a micro-
display 60, described below, for generation of a digital data image. In exemplary
embodiments, the circuit board assembly 40 may include direct user input
elements, in the form of one or more buttons 61, for example, and may include
one or more integrated positional sensors (not separately labeled). Such
positional sensors may include a compass and/or a three-axis accelerometer, for
example, of well-known design. As described below in connection with FIG. 9,
these positional sensors may be employed to provide positional data,
corresponding to the scope 10, to the optical projection system 12 and/or ballistic
solution computer. The optical projection system 12 may then display the
positional data directly or communicate targeting information, derived from the
data, such as a ballistic aiming solution, to the shooter via the projected data
image 38.

[0036] Referring to FIGS. 2A, 3B, and 4-7, the imaging components of the
optical projection system 12 generally include at least one illumination source
52a, a focusing lens 52, a corrective optics assembly 54, a linear polarizer
element 56, a wave plate 58, a micro-display 60, a primary beamsplitter 62, and
a secondary beamsplitter 64. In exemplary embodiments, one or both of the
beamsplitters 62, 64 may be polarizing beamsplitters. The primary beamsplitter

62 is situated in the optical path of the scope 10, while the secondary
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beamsplitter 64 is outside the optical path. The primary beamsplitter 62 may be
situated between the ocular and objective lenses 24, 26, as illustrated, or can be
in the optical path forward of the objective lens 24 or aft of the ocular lens 26, if
desired. Upper and lower shields 57, 59 may be used to contain and isolate the
light paths.

[0037] In brief summary, and as described in greater detail below in
connection with FIG. 7, the illumination source 52 may be an LED 52a that
produces a beam of light that is corrected (such as by a collimating or focusing
lens 52) and redirected by the corrective optics assembly 54 through the linear
polarizer element 56 and into the secondary beamsplitter 64. The secondary
beamsplitter 64 then directs the light (by reflection) onto the micro-display 60 to
generate a reflected digital data image, which is then projected back down
through the secondary beamsplitter 64 (by transmission) and into the primary
beamsplitter 62. The primary beamsplitter 62 combines the digital data image
(see e.g., arrow 38 in FIG. 2 and 88 in FIG. 7) with the optical target image (see
e.g., arrow 30 in FIG. 2 and 90 in FIG. 7) collected by the objective lens
assembly 24, and the combined images are projected toward the eyepiece 20,
through which the combined images may be viewed by a shooter. Structural
features and arrangement of the imaging components of the optical projection
system 12 are described in greater detail below.

[0038] Referring to FIGS. 2A and 4-6C, the primary beamsplitter 62 is shown
shaped as an octagonal prism having an entry end face 66 and an opposed exit
end face 68, and being supported by the support element 46 so as to extend
along the scope axis. The primary beamsplitter 62 could have a cube shape, but
portions unnecessary to the size and placement of the light beams and images
can be eliminated to reduce size, weight, and cost, producing a polygonal (or
cylindrical) axial profile. The entry end face 66 may be positioned adjacent to a
circular central opening 70 formed in the upper circuit board portion 42, which
opening 70 accommodates the optical path extending through the scope 10
along the scope axis. Accordingly, the optical target image gathered by the
objective lens assembly 24 is directed through the central opening 70 and into
the primary beamsplitter 62 via the entry end face 66. Within the primary
beamsplitter 62, the optical target image is combined with a digital data image

generated by the micro-display 60, as described in greater detail below.
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[0039] The primary beamsplitter 62 may be oriented about the scope axis
such that an upper face 72 extends generally horizontally. As shown, the
corrective optics assembly 54, linear polarizer element 56, wave plate 58, micro-
display 60, and secondary beamsplitter 64 are supported generally at or above
the upper face 72. For example, the secondary beamsplitter 64 may be
supported directly on the upper face 72, as described below.

[0040] The illumination source 52 is shown in the form of a light emitting diode
(LED) light source 52a, which may utilize an operational wavelength (or a
combination of multiple wavelengths) within known visual bands (e.g., 350-
700nm). In one embodiment, the illumination source 52 may be in the form of a
red LED light source. In alternative embodiments, the illumination source 52 may
be of various other types known in the art, and may utilize light wavelengths
within known UV or IR bands, for example. As such, the data image generated
by the optical projection system 12 may be viewable with a night vision imaging
device, such as night vision goggles worn by a shooter/spotter, or with various
thermal imaging devices, for example. In the illustrated embodiment, the
illumination source 52 is supported with the corrective optics assembly 54
generally above the primary beamsplitter 62, and both are laterally offset from
the upper face 72 thereof.

[0041] The corrective optics assembly 54 of the illustrated embodiment
includes a total internal reflection (TIR) lens 74, a field lens 76, and a reflective
element 78. In an exemplary embodiment, the field lens 76 may be in the form of
a plano-convex (PCX) lens. Additionally, while the reflective element 78 is
shown in the form of a mirror plate, in alternative embodiments the reflective
element 78 may be of various other suitable types and shapes.

[0042] Inthe embodiment shown, the TIR lens 74 is positioned adjacent to the
illumination source 52 and faces transverse to the longitudinal axis of the optical
projection system 12. The field lens 76 is positioned generally perpendicular to
the TIR lens 74, and the mirror plate 78 is positioned angularly between the TIR
lens 74 and the field lens 76 so as to redirect light from the TIR lens 74 to the
field lens 76. The mirror plate 78 may be oriented at any suitable angle relative
to the TIR lens 74, such as approximately 45 degrees, for example. The TIR
lens 74, field lens 76, and mirror plate 78 of the corrective optics assembly 54

cooperate to shape light emitted by the LED light source 52 into a corrected
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beam profile that generally matches a beam profile of the optical image to be
directed through the scope 10 from the objective lens assembly 24. In that
regard, the TIR lens 74 captures and collimates and/or focuses light emitted by
the LED light source 52, and redirects the focused light toward the mirror plate
78, which in turn redirects the light through the field lens 76.

[0043] The use of corrective optics within the optical projection system 12
advantageously enables precise control of display focus and parallax within a
field of view presented to a shooter through the scope eyepiece 20. By properly
matching the beam profile of light emitted by the illumination source 52 with a
beam profile of light directed through the scope 10 from the distant target object,
the projection system 12 maximizes its performance efficiency, thereby
maximizing the life of a power source (e.g., battery) for the projection system 12,
while providing a data image of optimum visual quality. Further, to a
shooter/spotter looking through the scope eyepiece 20, the data image
generated by the projection system 12 appears to be flat and parallax free,
similar to the reticle. Additionally, the projection illumination technique employed
by the projection system 12, in combination with the corrective optics assembly
54, allows for delivery of a majority of the light rays generated by the illumination
source 52 to the shooter/spotter's eye, thereby providing an enhanced data
image relative to conventional targeting display devices in which the shooter
directly views a backlit type display, for example.

[0044] The secondary beamsplitter 64 is spaced from the field lens 76 by a
linear polarizer element 56, which may be in the form of a wire grid style linear
polarizer, for example. In combination, the secondary beamsplitter 64, the linear
polarizer element 56, and a wave plate 58 (described below) define a
polarization-control optics assembly that improves efficiency and contrast of the
digital data image produced by the optical projection system 12.

[0045] Referring to FIGS. 3B-6C (and schematically in FIG. 7), the secondary
beamsplitter 64 is shown shaped as a rectangular prism having a primary optical
axis oriented generally transverse (vertical) to the longitudinal axis along which
the primary beamsplitter 62 extends. The secondary beamsplitter 64 linearly
polarizes light passing therethrough, and functions to direct light from the linear
polarizer element 56 to the micro-display 60, and reflect from the micro-display

60 to the primary beamsplitter 62 transverse to the primary optical axis of the
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primary beamsplitter 62. Accordingly, the secondary beamsplitter 64 may be
formed with a width (in this case longer than its optical axis length) suitable to
span substantially a full width of a display screen 80 of the micro-display 60 and
supported above the secondary beamsplitter 64. Opaque shields 57, 59 contain
and separate the light paths of the light source 52, 52a, micro-display 60, and
secondary beamsplitter 64 from the primary beamsplitter 62 and outside
environment.

[0046] The secondary beamsplitter 64 may be oriented such that a lower face
thereof abuts the upper face 72 of the primary beamsplitter 62, and an upper
face of the secondary beamsplitter 64 is directed toward the micro-display 60.

As shown in FIG. 7B, the wave plate 58 may be positioned between the micro-
display 60 and the upper face of the secondary beamsplitter 64. A first side face
of the secondary beamsplitter 64 confronts the linear polarizer element 56.
[0047]  After light generated by the LED light source 52 (reflected, in this case,
by mirror 76) passes through the field lens 76, it continues through the linear
polarizer element 56, which restricts a polarization state of the light. Upon exiting
the linear polarizer element 56, the light enters the secondary beamsplitter 64
through a side face thereof, and is reflected at least in part by the secondary
beamsplitter 64 in a direction toward the micro-display 60. Before reaching the
micro-display 60, the linearly polarized light passes through the wave plate 58,
which may be in the form of a quarter wave plate, for example. The wave plate
58 functions as an optical retarder (or "compensator") to alter the polarization
state of the light and thereby improve image contrast of the data image ultimately
produced using the micro-display 60. In alternative embodiments, the wave plate
58 may be omitted and a compensator may be integrated within the micro-
display 60, for example.

[0048] Polarization control provided by the secondary beamsplitter 64, the
linear polarizer element 56, and the wave plate 58 advantageously enhances the
data image generated by the micro-display, described below. In particular,
polarization control provides the data image with optimal image contrast and
brightness, and provides optimum control of stray light noise, thereby maximizing
image quality of the data image.

[0049] As best shown in FIGS. 4, 6A, and 6C, the micro-display 60 may be

supported directly above the wave plate 58, which can, if desired, abut the upper
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face of the secondary beamsplitter 64, and includes a screen 80 that faces
toward and confronts the wave plate 58. As described above, in an alternative
embodiment the wave plate 58 may be omitted such that the screen 80 faces
toward and confronts the upper face of the secondary beamsplitter 64. As
described in greater detail below in connection with FIG. 7, the micro-display 60
is configured to generate a digital data image that is superimposed by the
primary beamsplitter 62 onto the optical target image directed from the objective
lens assembly 24.

[0050] In exemplary embodiments, the micro-display 60 may be in the form of
a reflective liquid crystal on silicon (LCOS) display panel. Advantageously, an
LCOS display panel provides benefits including: superior display brightness
(intensity) control for use in a variety of lighting conditions; superior display
contrast for improved image quality (e.g., darker blacks and whiter whites) for
producing a more realistic data image; even pixel illumination for consistent
image color and intensity; accurate pixel-by-pixel control without screen mesh
image degradation, as may be exhibited by non-LCOS micro-displays such as
organic light emitting diode (OLED) displays; and superior pixel density
(expressed as pixels per inch or PPI) for superior definition display, such as at
least 720P and up to 4K, for example. In exemplary embodiments, an LCOS
micro-display may exhibit a pixel size of 9.4 micrometers (um) or less, such as
approximately 6.4 ym, for example. In one embodiment, the micro-display 60
may be in the form of an LCOS display panel of a full color HD type, and having
a 1024x600 color high brightness resolution. In alternative embodiments, the
micro-display 60 may be in the form of various other display types, such as an
OLED or a liquid crystal display (LCD), for example.

[0051] Referring to FIG. 7, a schematic view of light beams traveling through
the optical projection system 12 is shown. As indicated by arrow 82, light emitted
by the illumination source 52 is directed from the corrective optics assembly 54
and into the secondary beamsplitter 64 through a side face thereof. Within the
secondary beamsplitter 64, the emitted light 82 reaches an inner hypotenuse
face 84 of the beamsplitter 64, which may allow a selected portion of the emitted
light 82 to transmit therethrough (not shown), and a selected portion of the
emitted light 82 to reflect upwardly through an upper face of the secondary

beamsplitter 64 and toward the micro-display 60, as indicated by first reflection
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arrow 86. Though not shown in FIG. 7, the reflected light 86 may also pass
through the wave plate 58 before reaching the micro-display 60, as described
above.

[0052] The reflected light 86 illuminates the display screen 80 of the micro-
display 60, which displays targeting information in the form of one or more data
characters (see, e.g., FIGS. 8 and 8A). When illuminated, the display screen 80
of the micro-display 60 reflects light downwardly back through the upper face of
the secondary beamsplitter 64, as indicated by second reflection arrow 88. The
light reflected by the micro-display 60 defines a data image 88 containing the
data characters displayed by the micro-display 60. As shown in FIG. 7, the data
image light 88 transmits through the inner hypotenuse face 84 of the secondary
beamsplitter 64, and passes through a lower face of the secondary beamsplitter
64 and into the primary beamsplitter 62 through the upper face 72 thereof.
[0053] Still referring to FIG. 7, simultaneously with the generation of the data
image 88 as described above, light 90 defining an optical image of a distant
target object, as gathered by the objective lens assembly 24, travels through the
scope 10 in a direction toward the eyepiece 20 and enters the primary
beamsplitter 62 through the entry end face 66. Within the primary beamsplitter
62, the optical target image light 90 and the data image light 88 each reach an
inner hypotenuse face 92 of the primary beamsplitter 62. As shown, the
hypotenuse face 92 may allow the optical target image light 90 to transmit
linearly therethrough in a direction toward the eyepiece 20 with very little loss,
while simultaneously reflecting a select portion of the data image light 88 in a
direction toward the eyepiece 20. In this manner, the primary beamsplitter 62
combines the data image 88 with the optical target image 90, and presents both
images 88, 90 to the scope eyepiece 20 simultaneously so as to provide a
shooter/spotter with the visual effect of the data image 88 being superimposed
on the optical target image 90.

[0054] Asshownin FIG. 7, the secondary beamsplitter 64 and the micro-
display 60, each supported atop the upper face 72 of the primary beamsplitter
62, may be positioned at an entry end portion of the primary beamsplitter 62 so
that the data image light 88 reflects upon an upper portion of the inner
hypotenuse face 92 of the primary beamsplitter 62. Consequently, as shown in

FIGS. 8 and 8A, the data image 88 transmitted to the eyepiece 20 may be
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superimposed on an upper portion of the optical target image 90 when the
images 88, 90 are presented through the scope eyepiece 20. It will be
appreciated that the secondary beamsplitter 64, the micro-display 60, and
adjoining imagining components of the optical projection system 12 may be
selectively positioned relative to the primary beamsplitter 62 to achieve any
desired orientation of the data image 88 relative to the optical target image 90.
Other focusing lenses or curved (freeform) prism surfaces (not shown) may be
used to distribute data image light 88 to any portion of the FOV seen through the
scope eyepiece 20.

[0055] Though not depicted in FIG. 7, the inner hypotenuse face 92 of the
primary beamsplitter 62 may allow a select portion of the data image light 88 to
transmit downwardly therethrough. In that regard, the inner hypotenuse faces
84, 92 of the primary and secondary beamsplitters 62, 64 may be suitably
configured to provide any desired ratio of light reflection to light transmission. In
exemplary embodiments, the primary beamsplitter 62 may be formed with a light
reflection to transmission ratio in a range of about 20:80 to about 30:70, and the
secondary beamsplitter 64 may be formed with a 50:50 light reflection:
transmission ratio.

[0056] The inner hypotenuse face 92 of the primary beamsplitter 62, and
optionally also the inner hypotenuse face 84 of secondary beamsplitter 64, may
include one or more coatings for controlling light reflection and transmission.
Exemplary coatings may include various dielectric coatings configured to provide
a selected light reflection/transmission ratio, and which may be adapted for
polarizing or non-polarizing use. Exemplary coatings may also include various
dichroic coatings, configured to provide a selected light reflection/transmission
ratio specific to certain wavelengths. Advantageously, a dichroic coating may
provide fine control over polarization components across a broad range of light
wavelengths. Moreover, use of a dichroic coating may facilitate maximum light
transfer through the optical projection system 12 and maximum brightness of the
data image 88 generated with the micro-display 60, while by reflecting only the
light wavelengths projected from the micro-display 60 in data image light 88.
[0057] Exemplary coatings for one or both of the inner hypotenuse faces 84,
92 may also include various metallic coatings, which can include silver or

aluminum, for example, configured for use across a wide range of light
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wavelengths and providing a selected light reflection/transmission ratio. In an
exemplary embodiment, the inner hypotenuse face 92 of the primary beamsplitter
62 may include a coating composed of dielectric and silver layers configured to
provide approximately 70-80% transmission and approximately 20-30% reflection
of the data image light 88 received from the micro-display 60.

[0058] Referring to FIGS. 8 and 8A, an exemplary sight picture 94 visible
through the scope eyepiece 20 is shown. The sight picture 94 presents the
optical target image 90 of a distant target object 96, in combination with a data
image 88 and an image of a physical (and/or virtual) reticle 98. The data image
88 is shown superimposed on an upper portion of the optical target image 90
located above a horizontal line of the reticle 98, which may be accomplished with
the exemplary structural configuration shown in FIG. 8. In the illustrated
embodiment, the reticle 98 may be a physical reticle, typically in the form of
crosshairs formed by wires or a reticle pattern etched or otherwise applied to a
glass plate according to well-known methods and construction. Alternatively,
some or all of a reticle pattern can be projected into the optical path along with
the data image 88.

[0059] The exemplary data image 88 shown in FIGS. 8 and 8A includes
various data characters or symbols for communicating select targeting
information to the shooter viewing the sight picture 94. In exemplary
embodiments, data characters of the data image 88 may communicate
measurements of certain targeting variables, including range to target 100,
temperature, pressure, humidity, wind speed 102, wind direction 104, elevation
(above sea level), direction of aim (azimuth) 106, and firearm orientation (cant
and/or angle of inclination/declination) 108, for example. In other embodiments,
the data characters 100 may communicate a ballistic solution 110, 112 that has
been determined based upon such targeting variables using select mathematical
formulas. If desired, symbols indicating remaining battery life 114 or wireless
connectivity 116 may be displayed. Other “drop-down” menus (not shown) may
be activated for changing settings (such as brightness, units of measure, etc.),
activating or deactivating features (such as connectivity to specific devices), or
modes (such as calibration, sleep, input, etc.).

[0060] A ballistic solution may be presented by the data image 88 in the form

of one or more values indicating a respective number of turret adjustment clicks,
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minutes of angle (MOA), or milliradians (MRAD), for example, by which shooters
must correct their aim, for example by adjusting the elevation and/or windage
adjustment turrets 34, 36, to hit the target object 96. In the illustrated example
(FIGS. 8 and 8A), the ballistic adjustment is shown to be 30.05 UP (shown at
110) and 5.96 RIGHT (shown at 112). This can be an instruction to either adjust
the reticle settings or to find the aim point on the reticle grid that corresponds to
these adjustments. In another embodiment, the image data may convey to the
shooter the intersection (vertical and horizontal) values 110, 112 or a projected
point (101 in FIG. 8A) on a grid-type reticle to which the shooter must adjust his
or her aim to hit the target.

[0061] In other embodiments, the ballistic solution presented by the data
image 88 within the sight picture 94 may include an image or a video of a
corrected aim point, displayed in the form of a projected point or, for example, an
auxiliary aiming reticle 101 (shown in the low magnification view of FIG. 8A) that
indicates a predicted elevation and/or lateral location of a projectile impact point
on the target object 96. The predicted impact point may be determined based on
a trajectory calculated from the targeting variables described above. In
exemplary embodiments, the corrected aim point may be automatically and
dynamically repositioned within the sight picture 94, relative to the optical target
image 90 (and relative to a physical and/or projected reticle pattern), in response
to changes in one or more of the targeting variables, such as firearm orientation
or target distance.

[0062] In other exemplary embodiments of the invention, the optical projection
system 12 may be suitably configured so that the sight picture 94 presented
within the scope eyepiece 20 includes thermal and/or night vision overlays.
[0063] Referring now to FIG. 9, a targeting information system 118 according
to an exemplary embodiment of the invention is schematically shown. The
targeting information system 118 includes the optical projection system 12 (either
integral with or attached in alignment with the firearm scope), one or more
environmental sensing devices 120, a rangefinder 122, and optionally a spotting
scope 124 and a mobile device 126 (such as a smartphone). As described
below, these devices 12, 120, 122, 124, 126 may be selectively paired (or

"synced") to communicate with one another wirelessly or by wired connection(s).
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[0064] The optical projection system 12 communicates with the environmental
sensing devices 120, the rangefinder 122, the spotting scope 124, and the
mobile device 126 over a network 128. The network 128 may include one or
more networks, which may be in the form of a wide area network (WAN) or a
local area network (LAN), for example. The network 128 may provide wireless or
wired communication between the optical projection system 12 and the other
devices 120, 122, 124, 126. In exemplary embodiments, the network 128 may
employ various forms of short-range wireless technologies, such as Bluetooth® or
near-field communication (NFC), for example. In other embodiments, the
network 128 may utilize one or more network technologies such as Ethernet,
Fast Ethernet, Gigabit Ethernet, virtual private network (VPN), remote VPN
access, or a variant of IEEE 802.11 standard such as Wi-Fi and the like, for
example. In an exemplary embodiment, the optical projection system 12 may
communicate with the environmental sensing devices 120 and/or the rangefinder
122 directly using USB and/or RS-232, for example. The network 128 may act
as a data and/or power bus. Communication over the network 128 may take
place using one or more network communication protocols, including reliable
streaming protocols such as transmission control protocol (TCP). It will be
understood that these examples are merely illustrative and not exhaustive.
[0065] As shownin FIG. 9, the optical projection system 12 may include a
processor 130, which may be incorporated within the circuit board assembly 40,
for example. The processor 130 may include one or more devices selected from
microprocessors, micro-controllers, digital signal processors, microcomputers,
central processing units, field programmable gate arrays, programmable logic
devices, state machines, logic circuits, analog circuits, digital circuits, or any
other devices configured to manipulate signals (analog or digital). The processor
130 may be arranged internally within the scope 10 and integrated within the
structure of the optical projection system 12, for example in the circuit board
assembly 40. Alternatively, the processor 130 may be mounted externally from
the scope 10 and coupled to the optical projection system 12 via one or more
data transmission connections. For example, in one embodiment the processor
130 may be arranged in an external device (such as a smartphone). The
processor 130 may receive and process information from the environmental

sensing devices 120, the rangefinder 122, the mobile device 126, and/or
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additional sensing devices 132, 134, 136, described below, and may calculate a
ballistic solution to be displayed to the shooter via the projected data image
described above (see, e.g., data image 88 in FIGS. 7 and 8).

[0066] The optical projection system 12 may also communicate with additional
sensors including a compass 132, an accelerometer 134, and a light sensor 136
that detect and inform the optical projection system 12 (and/or processor 130) of
certain respective conditions. For example, the compass 132 may detect and
inform the optical projection system 12 of a direction in which the scope 10 is
pointed (e.g., North, South, East, West, and compass azimuth intervals thereof).
The accelerometer 134, which may be a 3-axis accelerometer, for example, may
detect and inform the optical projection system 12 of an orientation in which the
scope 10 is supported (e.g., cant angle and/or inclination angle). The light
sensor 136 may detect and inform the optical projection system 12 of an ambient
lighting condition to adjust the intensity of the displayed image and/or other
variables. As schematically represented in FIG. 9, these additional sensors 132,
134, 136 may be coupled to the optical projection system 12 via one or more
wired or wireless connections, for example. In exemplary embodiments, the
sensors 132, 134, 136 may be integrated within the circuit board assembly 40.
Or, some or all of these sensors 132, 134, 136 may be located in another
component of the system, such as the mobile device 126 (smartphone).

[0067] Generally, devices like an electronic compass 132, a three-axis
accelerometer 134 for sensing orientation, and a light sensor 136 are items that
presently have been miniaturized, fully provide the required level of accuracy and
precision, and are commercially available at very low cost. Thus, it is beneficial
and cost effective to integrate such features into an optical projection system 12
that is in or on the housing of the scope 10. In contrast, devices like laser
rangefinders 122 and some environmental sensing devices 120 can vary greatly
in cost, depending on size and quality, and are still the subject of developing
technological advancements. Thus, having a laser rangefinder 122, for example,
that is separate from the scope 10 and/or optical projection system 12 allows the
user to choose a device of the appropriate level of quality and cost for their
specific needs or budget. Likewise, wind sensing and other environmental
measurement devices are available in a variety of types, quality, and price points.

The technology of wind sensing, for example, is rapidly developing from rotary

-19-



WO 2018/057872 PCT/US2017/052930

vane anemometers, available now in a compact size and at relatively low cost, to
thermal and athermalized infrared laser wind sensing devices that are currently
significantly larger, not widely available commercially, and significantly higher in
cost. Thus, having certain environmental sensing devices that are separate from
the scope 10 and/or optical projection system 12 allows the user to choose a
device of the appropriate level of quality and cost for their specific needs or
budget, and to upgrade the device to one that includes later-developed
technologies without having to replace the optical components 10, 12 of the
ballistic solution calculating and aiming system.

[0068] The rangefinder 122 may detect and communicate to the optical
projection system 12 (and processor 130) a distance (or "range") measured from
the scope 10 to the target object 96, and may be of various suitable types known
in the art. The environmental sensing devices 120 may detect and communicate
to the optical projection system 12 various environmental conditions including
temperature, pressure, humidity, wind speed, wind direction, elevation, and
global positioning system (GPS) location, for example, corresponding to a region
in the immediate vicinity of the scope 10. Alternatively, GPS location technology
is commonly included in many mobile devices 126 (smartphones). In one
embodiment, the environmental sensing devices 120 may include a handheld
weather meter of various suitable and commercially available types known in the
art, such as a Kestrel® (made by Nielsen-Kellerman Co. of Minneapolis,
Minnesota) or WeatherFlow™ (made by WeatherFlow, Inc. of Scotts Valley,
California) brand weather meter or sensing component attachable to a
smartphone or other hand-held personal digital device, for example. The
environmental sensing devices 120 may also include a GPS tracking device that
detects and communicates to the optical projection system GPS coordinates
corresponding to an area in which the firearm scope 10, and firearm, is located.
In another embodiment, the GPS tracking device may be integrated within the
structure of the optical projection system 12, it may be mounted to the scope 10
or firearm and coupled directly to the optical projection system 12, or it may be
integrated into the mobile device 126 (smartphone).

[0069] As described above, the environmental sensing devices 120 and the
rangefinder 122 may communicate wirelessly with the firearm optical projection

system 12. Accordingly, and advantageously, these devices 120, 122 may be
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arranged separately from the scope 10 and may be selectively paired with the
optical projection system 12 as desired. For example, in some embodiments one
or more of the devices 120, 122 may be mounted directly to the firearm,
separately from the scope 10. In other embodiments, one or more of the devices
120, 122 may be arranged separately from the firearm but within close enough
proximately to the scope 10 to enable wired or wireless communication, for
example via Bluetooth®, between the devices 120, 122 and the optical projection
system 12 for data communication therebetween.

[0070] The environmental measurements collected by the rangefinder 122
and the one or more environmental sensing devices 120 are communicated to
the optical projection system 12 via signals sent over the network 128. In
response to receiving the signals and, optionally, an instruction provided by the
shooter/spotter, the optical projection system 12 may calculate, with its processor
130, an appropriate ballistic solution based on the environmental measurement
values and using known mathematical formulae. The ballistic solution may then
be presented to the shooter/spotter via the data image 88, as generally described
above. The shooter may then make appropriate aiming corrections while
maintaining sight of the target object 96 through the scope 10. The GPS
coordinates provided by the GPS tracking device may be displayed with the
ballistic solution in the data image 88 (not shown).

[0071] Alternatively, a second or alternate ballistic solution calculation
processor (not shown) can be located separate from the scope 10 and optical
projection system 12, such as part of an environmental sensing device 120 or as
a software application on a mobile device 126. For example, if the user prefers a
ballistic solution calculator that uses a different algorithm and/or one that uses
different stored and/or sensed data, it can connect with the optical projection
system 12 via the network 128 to use it as a passive or “dumb” display device to
overlay an alternate data image 88 with the optical target image 90. Although
there are technological benefits to having the processor 130 integral with the
optical projection system 12, such as so that a graphic data image does not have
to be communicated through a data bus or network 128, this feature can allow
the user flexibility and future adaptability without having to modify or replace the

projection system 12 and/or optical scope 10.
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[0072] A “mobile device” 126 may be in the form of a cell phone
(smartphone), tablet computer, or laptop personal computer, for example, and
may communicate with one or more devices of the targeting information system
118, over the network 128, to send and/or receive targeting information as
desired. In one embodiment, the mobile device 126 may communicate with the
optical projection system 12, or with the rangefinder 122 and environmental
sensing devices 120, to receive signals providing the measurements collected by
the rangefinder 122 and sensing devices 120. In another embodiment, the
mobile device 126 may communicate with the optical projection system 12 to
receive signals providing the ballistic solution displayed via the data image 88. In
either embodiment, the mobile device 126 may then display the information that it
receives, via the signals, on its own display. A similar network connection can be
made to a desktop computer (not shown) when not in the field to upload or
download ballistic data or to make other software or firmware changes.

[0073] In other exemplary embodiments, the mobile device 126 may be
utilized to send information to the optical projection system 12. For example, in
one embodiment, the mobile device 126 may run a software application that can
be used by the shooter, or another user, to input information or instructions that
the mobile device 126 communicates to the optical projection system 12 via the
network 128. Such information may include ballistic information or instructions
specifying when a ballistic solution is to be calculated and how the ballistic
solution is to be displayed via the data image 88. In another embodiment, the
mobile device 126 may serve as a GPS tracking device, and may communicate
GPS coordinates to the optical projection system 12 to be displayed within the
data image. In yet another embodiment, the mobile device 126 may receive
measurements collected by the rangefinder 122, environmental sensing devices
120, compass 132, and accelerometer 134, and may then calculate the ballistic
solution, for example using the software application. The mobile device 126 may
then communicate the ballistic solution to the optical projection system 12 for
presentation to the shooter/spotter via the data image 88.

[0074] A spotting scope 124 may be positioned remotely from the firearm
scope 10 having the optical projection system 12, but within close enough
proximately to the firearm scope 10 to enable wired or wireless communication,

for example via Bluetooth®, between the spotting scope 124 and the firearm
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scope 10 optical projection system 12. Likewise, the spotting scope 124 may
include a second optical projection system 138, having a processor 140, similar
in construction and function to the optical projection system 12 integrated within
the firearm scope 10. The spotting scope optical projection system 138 may
communicate over the network 128 with one or more of the devices of the
targeting information system 118, such as the firearm scope optical projection
system 12, rangefinder 122, or environmental sensing devices 120, so as to
generate and display the same data image 88 displayed by the firearm scope 10
optical projection system 12. In this manner, a spotter looking through an
eyepiece of the spotting scope 124 may advantageously view the same targeting
information, including a ballistic solution, for example, viewed by the shooter
looking through the eyepiece 20 of the firearm scope 10.

[0075] The optical projection system 12 of the firearm scope 10 may be
powered by any suitable power source. In one embodiment, the projection
system 12 may include an integrated power source, such as a battery (not
shown). In other embodiments, the projection system 12 may be directly coupled
to and powered by an external power source through a detachable connector 45.
For example, the external power source may be housed within or otherwise
mounted to any suitable portion of the firearm, such as a mounting device for the
scope 10 or the firearm stock/chassis. In another embodiment, the external
power source may be a power source of the rangefinder 122 or any of the
environmental sensing devices 120. The optical projection system 12 may
include a power regulator and a converter (not shown) for modifying power input
as needed.

[0076] In another exemplary embodiment, the targeting information system
118 may include two or more optical projection systems 12, each corresponding
to a respective firearm scope 10. Each optical projection system 12 may receive
the same environmental measurements from a common or separate rangefinder
122 and/or common environmental sensing devices 120, and may reference its
own respective compass 132 and accelerometer 134, for example, to calculate
its own respective ballistic solution to be displayed to its respective shooter. In
an exemplary embodiment, each optical projection system 12 may communicate
with its own respective GPS tracking device for detecting a GPS location of the

firearm scope 10 and the respective shooter. The GPS location detected by
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each GPS tracking device may be communicated over the network 120 to each of
the other optical projection systems 12, 138. Accordingly, each of the optical
projection systems 12, 138 may display, via its respective data image, the GPS
location of each of the multiple shooters to a common spotter or observer.
Inclusion of a camera (not shown) in the firearm scope 10 and/or spotting scope
124 may allow one shooter or spotter to communicate to another an image of the
target area, temporarily overlaid on the optical image, so as to show the other
some visual aspect of the target area without either of them having to disrupt their
viewing positions.

[0077] While the present invention has been illustrated by the description of
specific embodiments thereof, and while the embodiments have been described
in considerable detail, it is not intended to restrict or in any way limit the scope of
the appended claims to such detail. The various features discussed herein may
be used alone or in any combination. Additional advantages and modifications
will readily appear to those skilled in the art. The invention in its broader aspects
is therefore not limited to the specific details, representative apparatus and
methods and illustrative examples shown and described. Accordingly, departures
may be made from such details without departing from the scope of the general
inventive concept.

[0078] The reference to any prior art in this specification is not, and should not
be taken as, an acknowledgement or any form of suggestion that such prior art
forms part of the common general knowledge.

[0079] It will be understood that the terms “comprise” and “include” and any of
their derivatives (e.g. comprises, comprising, includes, including) as used in this
specification, and the claims that follow, is to be taken to be inclusive of features
to which the term refers, and is not meant to exclude the presence of any

additional features unless otherwise stated or implied.
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What is claimed is:

1. An optical projection system for a weapon system aiming scope having at
least objective and ocular lenses defining an optical path through which a target
image is observed, comprising:

a primary beamsplitter positioned in the optical path between the objective
and ocular lenses;

a secondary beamsplitter positioned against the primary beamsplitter and
off the optical path;

a micro-display that provides a data image containing targeting
information; and

an illumination source,

wherein the illumination source generates light directed through the
secondary beamsplitter to illuminate and reflect off the micro-display so as to
define a reflected data image,

wherein the secondary beamsplitter directs the reflected data image into
the primary beamspilitter, and

wherein the primary beamsplitter combines the data image with an optical
target image in the optical path so as to convey targeting information to a
shooter viewing the optical target image.

2. The system of claim 1, wherein the targeting information presented by the
data image includes a ballistic aiming solution.

3. The system of claim 1, wherein the micro-display is an LCOS display.

4. The system of claim 1, further comprising a scope body, wherein the
optical projection system is housed within the scope body.

5.  The system of claim 4, further comprising an electrical component circuit

board oriented substantially transverse to the optical path and defining an
opening in the board through which the optical path extends.
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6. The system of claim 1, wherein the primary beamsplitter includes at least
one inner hypotenuse face having a coating comprising dielectric and silver
layers configured to provide 70-80% transmission and 20-30% reflection of the
data image received from the micro-display.

7. The system of claim 1, wherein the weapon system aiming scope
including the optical projection system is mounted on a firearm.

8.  Atargeting information system of networked components for a weapon
that fires a projectile from a barrel, the system comprising:

a first optical sighting scope mountable on a weapon and having at least
objective and ocular lenses defining an optical path through which a target
image is observed;

a first optical projection system, comprising:

a primary beamsplitter positioned in the optical path between
objective and ocular lenses;

a secondary beamsplitter positioned against the primary beamsplitter
and off the optical path;

a micro-display that presents a data image containing targeting
information; and

an illumination source;

a processor programmed to calculate a ballistic aiming solution;

at least one environmental sensor to provide environmental data selected
from the group of temperature, atmospheric pressure, humidity, wind speed,
wind direction, elevation, and location;

a rangefinder;

an orientation sensor to provide at least one orientation datum selected
from aiming angle, cant of the optical sighting scope relative to a weapon barrel,
and azimuth;

the environmental sensor, rangefinder, and orientation sensor
communicating data to the processor, the processor using the data to calculate
a ballistic aiming solution and communicating the solution to the micro-display,
the illumination source generating light directed through the secondary

beamsplitter to illuminate and reflect off the micro-display so as to define a
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reflected data image, and the secondary beamsplitter directing the reflected
data image into the primary beamsplitter;

wherein the primary beamsplitter combines the data image with an optical
target image in the optical path so as to convey the aiming solution to a shooter

viewing the optical target image through the ocular lens.

9. The system of claim 8, wherein the optical sighting scope includes a
physical reticle.

10. The system of claim 9, wherein the data image includes an aiming point
projected relative to the physical reticle.

11. The system of claim 8, further comprising:
a second optical scope for an observer, the second scope not mounted on
a weapon and having at least objective and ocular lenses defining an optical
path through which a target image is observed,;
a second optical projection system, comprising:
a primary beamsplitter positioned in the optical path between the
objective and ocular lenses;
a secondary beamsplitter positioned against the primary beamsplitter
and off the optical path;
a micro-display that presents a data image containing targeting
information; and
an illumination source;
a communication means for receiving data from at least one of:
a processor programmed to calculate a ballistic aiming solution;
at least one environmental sensor to provide environmental data
selected from the group of temperature, atmospheric pressure, humidity,
wind speed, wind direction, elevation, and location;
a rangefinder;
an orientation sensor to provide at least one orientation datum
selected from aiming angle, cant of the optical sighting scope relative to a
weapon barrel, and azimuth; and

the first optical sighting scope,
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wherein the received data is communicated to the micro-display, the
illumination source generates light directed through the secondary beamsplitter
to illuminate and reflect off the micro-display so as to define a reflected data
image, and the secondary beamsplitter directs the reflected data image into the
primary beamsplitter;

wherein the primary beamsplitter combines the data image with an optical
target image in the optical path so as to convey the aiming solution to an
observer viewing the optical target image through the ocular lens.
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