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1
LOW LIGHT IMAGING DEVICE

CLAIM OF PRIORITY

The present application is a continuation-in-part applica-
tion of previously filed, application having Ser. No. 09/532,
635, filed on Mar. 22, 2000 now abandoned.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a low light imaging
device which permits a user to combine the benefits of
multiple types of low light imaging technology in order to
obtain an enhanced and more effective image that is par-
ticularly suited for a tactical environment, while also mini-
mizing the disadvantages and/or visibility limiting charac-
teristics of certain types of technologies, if necessary, within
a compact, transportable, weapon mountable viewing
device.

2. Description of the Related Art

The field of art related to low light imaging technology is
quite crowded, and quite technologically advanced, with
often minor variations in the structure providing significant
tactical advances in the real world application. A primary
reason for the significance of such advances is often the
tactical environment in which these low light imaging
devices are used. Specifically, such low light the imaging
devices are often utilized by military and law-enforcement
personnel in tactical and often dangerous environments
where insufficient lighting is present and/or tactical surprise
iS a requirement.

One primary type of low light imaging device that is
frequently utilized includes what is often referred to as
“night vision”. Night vision type devices typically operate
through the amplification or enhancement of the photons
visible by the device in a particular tactical environment.
Specifically, such devices will perceive the available pho-
tons (typically light waves reflecting off of objects within the
tactical field of view) and will significantly amplify the
photons to a point where they are effectively visible by a
user of the device. As can be appreciated, however, because
some illumination is necessary in order for at least some
photons to be perceived by the night vision device, there are
some tactical situations wherein such night vision devices
are not practical or truly useful. One example of such an
environment is a totally dark environment wherein no illu-
mination or very little illumination is present, and therefore,
an insufficient amplified image can be generated. In such
circumstances, the night vision device is truly ineffective
and the user is a left without any tactical advantage or ability
to ascertain their surroundings. In addition to such low or no
light tactical environments, such night vision devices often
prove ineffective in an overly illuminated tactical environ-
ments. For example, if excessive lighting is present, an
overly amplified image that cannot be readily distinguished
by the user may be generated by the night vision device.
Additionally, in many search and rescue operations, espe-
cially within a dangerous tactical environment, personnel on
the ground to be identified or rescued will often utilize
infrared beacons. These infrared beacons are configured to
emit a large amount of infrared light or photons in order to
pinpoint the user’s position. Although the large amount of
infrared photons are not visible to the naked eye, when
viewed through a photon enhancing night vision device, the
illumination is quite clear, providing a clear indicator of the
sources location. It is also, however, often so bright as to
mask specific details within the tactical environment. As a
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result, conventional light amplification, night vision devices
are not effective for conventional use in all environments
and in all tactical situations.

Another type of low light imaging device relates to a class
of thermal imaging devices. Specifically, thermal imaging
devices are able to perceive thermal signatures emitted by
hot items, such as a human, and indeed, most physical
structures. The most conventional type of thermal imaging
device is generally known as a Forward Looking Infrared
Device or FLIR. In particular such FLIR systems normally
operate by passively sensing objects via their reflected or
emitted infrared radiation. Unlike optical imaging systems,
FLIR systems perceive the object’s thermodynamic state
and accordingly, generate an image therefrom. As a result,
even in a low or no light environment, such FLIR systems
have the ability to identify thermal signatures of objects
present within the tactical environment, and can correspond-
ingly generates an appropriate image. Conversely, however,
in some circumstances FLIR systems do not provide a
sufficiently clear image and/or may be blocked by other
objects which can mask or interfere with a the perception of
emitted infrared radiation. Moreover, in a tactical rescue
environment, as previously recited, it is desirable to be able
to effectively and clearly identify an infrared beacon so as to
maximize a rescue or recovery effort. In the such an
environment, the FLIR systems is not able to distinguish the
infrared light photons, and cannot therefore pinpoint the
target. In this regard, it is noted that infrared radiation, which
is representative of the thermodynamic characteristics of an
object, differs from light photons within the infrared wave-
length range.

Accordingly, there is a need in the art for a low light
imaging device which is capable of efficiently and effec-
tively taking advantage of the benefits to be derived from
various different types of low light imaging devices, while
also minimizing the deficiencies exhibited by each type.
Such a device should be sufficiently compact so as to be
usable in a variety of tactical environments, and preferably
should be configured for effective mounting on weapons
utilized in a tactical environments. Also, such an improved
low light imaging device should also preferably be suffi-
ciently adjustable so as to allow a user in a tactical envi-
ronment to effectively adjust or modify the image to suit
their particular needs, at a particular point in time.

SUMMARY OF THE INVENTION

The present invention is directed towards a low light
imaging device which includes preferably a single optical
input which defines a line of sight of the device. It is
preferably objects and images disposed within this line of
sight that define the area to be viewed or perceived by the
low light imaging device.

The low light imaging device further includes a thermal
imaging assembly. The thermal imaging assembly is respon-
sive to radiation signatures disposed within the line of sight.
As such, the thermal imaging assembly is structured to
generate a thermal image that is representative of the per-
ceived radiation signatures.

In addition to the thermal imaging assembly, the present
low light imaging device further includes an image intensi-
fication assembly. The image intensification assembly is
responsive to photons within the line of sight defined by the
optical input. Typically these photons include light waves
that reflect off of objects within the viewed area. In the case
of a low light environment, the image intensification assem-
bly is structured to amplify the perceived photons in order to
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generate an enhanced photon based image that is viewable
by a user of the device.

The low light imaging device of the present invention
further includes an optical output. The optical output is
structured to provide the output image to be viewed by a user
of the present invention in a readily viewable format.
Preferably in association with an output image generation
assembly, the output image is generated from both the
thermal image and the enhanced photon based image. So as
to allow the user to modify the output image to correspond
the needs of a particular tactical environment, a thermal
image adjustment assembly and a photon image adjustment
assembly are further provided. Specifically, the thermal
image adjustment assembly is structured to adjust an extent
to which the thermal image defines the viewed output image.
Similarly, the photon image adjustment assembly is struc-
tured to adjust an extent to which the enhanced photons
based image defines the output image. Accordingly, a user is
able to modify the nature of the output image.

These and other features and advantages of the present
invention will become more clear when the drawings as well
as the detailed description are taken into consideration.

BRIEF DESCRIPTION OF THE DRAWINGS

For a fuller understanding of the nature of the present
invention, reference should be had to the following detailed
description taken in connection with the drawings in which:

FIG. 1 is a schematic representation of an embodiment of
the low light imaging device of the present invention;

FIG. 2 is a schematic representation of another embodi-
ment of the low light imaging device of the present inven-
tion; and

FIG. 3 is an illustration of an embodiment of the present
invention operatively mounted on a weapon.

Like references numerals refer to like parts throughout the
several views of the drawings.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Shown in the figures, the present invention is directed to
a low light imaging device, generally indicated as 10. The
low light imaging device 10 is preferably structured for use
within a tactical environment wherein insufficient lighting is
available and/or stealth is required. Furthermore, the present
low light imaging device 10 may be included as part of an
independent viewing assembly, or as in the illustrated
embodiment of FIG. 3, as a compact, weapon mounted
assembly. Also, although a goggle or bi-ocular type of
device may be utilized, a device with a single viewing
aperture, as described with regard to the illustrated
embodiment, is preferred.

Looking specifically to the embodiment of the
illustrations, the low light imaging device 10 is preferably
defined within a generally compact, preferably rigid housing
60. The housing 60 is structured to substantially contain
each of the components of the low light imaging device 10
so as to facilitate use and transport of the device. Moreover,
a mounting assembly 62 is also preferably provided and
secured to the housing 60 so as to facilitate mounting of the
present low light imaging device 10 to a weapon 70. Of
course, the mounting assembly 62 may be adjustable and
may be utilized to secure the low light imaging device 10 to
a tripod, a fixed platform, or an alternate structure. Also, the
imaging device 10 may be fitted so as to be transported and
utilized in a form similar to binoculars or goggles.
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The low light imaging device 10 includes an optical input
20. Specifically the optical input 20 defines a line of sight
through which a tactical environment may be viewed. In this
regard, it is understood that the line of sight may be varied
and or adjusted in a manner consistent with a variety of
optical devices. As such, the optical input 20 may include a
single lens or may include a telescopic lens type structure
having a fixed or variable magnification.

Preferably disposed within the housing is a thermal imag-
ing assembly 30. The thermal imaging assembly 30 is
responsive to radiation signatures of items disposed within
the line of sight defined by the optical input 20. Specifically,
the thermal imaging assembly 30 is preferably of a class of
imaging assemblies which are able to detect or identify
thermal energy emitted or radiated by a particular object.
Although a variety of different types of thermal imaging
assemblies may be provided, in the illustrated embodiment,
the thermal imaging assembly 30 preferably includes an
infrared imaging device. Such infrared imaging devices are
often referred to as FLIR or forward looking infrared
devices, which are conventionally utilized in a variety of
tactical environments, and are configured to be responsive to
an objects infrared radiation signature. As such, from the
infrared radiation, the thermal imaging assembly 30 is able
to generate a thermal image of the tactical environment
perceived through the optical input 20.

In the illustrated embodiment, the thermal imaging
assembly 30 preferably also includes a power supply 32 as
well as an output display 34. Specifically, such thermal
imaging assembly’s 30 typically include a corresponding
output display 34 which provides the thermal image in a
readily viewable state. Of course, it is understood that the
output display 34 of the thermal imaging assembly may be
integrated into one or more of the optical output structures
to be described. Regardless, however, the thermal imaging
assembly 30 is structured to generate a thermal image which
will comprise at least a portion of an output image to be
viewed by a user of the low light imaging device 10 of the
present invention.

Integrated with the thermal imaging assembly 30 within
the low light imaging device 10 of the present invention is
an image intensification assembly 40. Specifically, the image
intensification assembly 40 is responsive to photons within
the line of sight, and will amplify those perceived photons
in order to generate an enhanced photon based image which
can be viewed by a user. In the illustrated embodiment, the
image intensification assembly 40 preferably includes a
response assembly 41 that is responsive to the photons that
are perceived through the optical input 20. As such, the
response assembly 41 is preferably disposed in visually
aligned relation with the optical input 20 so as to effectively
view the same tactical environment that is being perceived
by the thermal imaging assembly 30. Looking in further
detail to the response assembly 41, it is structured to emit at
least one electron in response to each photon detected
thereby. Moreover, the electrons are generated by the
response assembly 41 in generally aligned relation with a
detected point of the photons. Accordingly, each electron
corresponds a particular detected photon and is communi-
cated to an amplification assembly 40, which is also pref-
erably part of the image intensification assembly 40.
Specifically, the amplification assembly 40 receives the
electron generated by the response assembly 41 and multi-
plies that electron, generating a plurality of the electrons,
also in substantially direct alignment with a generation point
of the electron from the response assembly 41. Lastly, in the
illustrated embodiment of the image intensification assem-
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bly 40, a photon generation assembly 43 is also provided.
The photons generation assembly 43 is responsive to the
plurality of electrons generated by the amplification assem-
bly 40 and accordingly generates an image photon. The
image photon is generated in substantially direct alignment
with an emission point of the plurality of electrons, but is of
an increased intensity that corresponds to the increased
quantity of electrons generated by the amplification assem-
bly 40. As a result, the enhanced photon based image is
provided. Although a variety of such night vision type image
intensification assembly’s 40 may be provided, one example
is found in the U.S. patent applications Ser. Nos. 09/062,141
and 09/206,992, the contents of which are incorporated
herein by reference.

So as to permit viewing of the output image by a user, the
present invention further includes an optical output 50.
Specifically, the optical output 50 may include an eye piece,
viewing screen or monitor that allows a user of the low light
imaging device 10 to effectively view the tactical environ-
ment. Operatively associated with the optical output 50, and
possibly integrally incorporated therewith, is an output
image generation assembly, generally 55 in the embodiment
of FIG. 2. The output image generation assembly is struc-
tured to generate the output image from both the thermal
image and the enhanced photon based image, thereby effec-
tively combining the advantages to be derived from each of
the two types of images. In the embodiment of FIG. 1, the
output image generation assembly preferably includes a
beam re-combiner. The beam re-combiner 52 is positioned
to receive the thermal image from the thermal imaging
assembly 30 and the enhanced photon based image from the
image intensification assembly 40. Referring to FIGS. 1 and
2, a mirror is preferably positions to correspondingly direct
the select image to the beam re-combiner 52. For example,
a mirror 38 may be disposed in operative proximity to the
output display 34 of the thermal image assembly 30, while
another mirror 48 may be disposed in operative proximity to
the image intensification assembly 40. In this regard, the
images will generally overlap one another to produce a
single, composite output image viewable by a user through
the optical output 50. In the alternative embodiment of FIG.
2, to be further defined subsequently, the beam re-combiner
52 defines a portion of the output image generation assembly
55. Of course, it is understood that other means to combine
or overlap two or more images may be effectively provided,
so long as a preferably compact and substantially real time
configuration is maintained.

The present low light imaging device 10 also preferably
includes a thermal image adjustment assembly and a photon
image adjustment assembly. Looking first to the embodi-
ment of FIG. 1, the thermal image adjustment assembly is
preferably directly associated with the thermal imaging
assembly 30, and is structured to adjust an output of the
thermal imaging assembly 30, such as by increasing or
decreasing the gain on the thermal image produced. As such,
the thermal image adjustment assembly 36, which may
include an exteriorly actuatable knob or button allows a user
within the tactical environment to effectively increase or
decrease how much of the output image is defined by the
thermal image. Similarly, in the embodiment of FIG. 1, the
photon image adjustment assembly of 46 is preferably
directly associated with the image intensification assembly
40 so as to selectively increase or decrease the gain or
intensity of the enhanced photon based image produced. The
user is therefore also able to adjust an amount of the
enhanced photon based image which defines the output
image being viewed therethrough.
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Looking to the embodiment of FIG. 2, the thermal image
adjustment assembly and the photons image adjustment
assembly may be integrated as part of an image adjustment
assembly of the output image generation assembly 55 if
direct control of the thermal imaging assembly 30 and/or the
image intensification assembly 40 is not desired. In such an
embodiment, the output image generation assembly 55
receives the thermal image and the enhanced photon based
image in a generally non-adjusted state. It is therefore the
output image generation assembly 55 that includes the
image adjustment assembly that varies a degree to which the
thermal image and the enhanced photon based image define
the output image. Preferably, the image adjustment assembly
includes both the thermal image adjustment assembly and
the photons image adjustment assembly. By way of example
only, in the embodiment of FIG. 2, an exterior actuator 56,
such as a fader, button(s) or knob(s) 56 may be provided to
correspondingly adjust or limit the amount of the thermal or
photon based images that the re-combiner overlays. To this
end, one or more filters 57, 58 may be provided and linked
to the actuator 56 so as to provided a desired amount of
adjustment for the user. Similarly, a conventional signal
mixer may be provided and coupled to the fader type
structure to provide the desired adjustment.

Since many modifications, variations and changes in
detail can be made to the described preferred embodiment of
the invention, it is intended that all matters in the foregoing
description and shown in the accompanying drawings be
interpreted as illustrative and not in a limiting sense. Thus,
the scope of the invention should be determined by the
appended claims and their legal equivalents.

What is claimed is:

1. A low light imaging device comprising:

a) an optical input structured to define a line of sight;

b) a thermal imaging assembly responsive to radiation
signatures disposed within said line of sight;

¢) an image intensification assembly responsive to pho-
tons at least within said line of sight;

d) said thermal imaging assembly structured to generate a
real time thermal image representative of said radiation
signatures;

e) said image intensification assembly structured to gen-
erate a real time enhanced photon based image;

f) an image adjustment assembly including a thermal
image adjustment assembly and a photon image adjust-
ment assembly;

) said thermal image adjustment assembly structured to
adjust an intensity of said thermal image;

h) said photon image adjustment assembly structured to
adjust said image intensification assembly so as to
adjust an intensity of said enhanced photon based
image generated thereby;

i) said thermal image adjustment assembly and said
photon image adjustment assembly being structured to
be operable independent from one another; and

j) an output image generation assembly structured to
combine said thermal image and said enhanced photon
based image to generate a real-time, direct view output
image.

2. A low light imaging device as recited in claim 1

wherein said image intensification assembly comprises:

a) a response assembly responsive to said photons under
extremely low light conditions and structured to emit at
least one electron in response to each of said photons
detected thereby and in generally aligned relation with
a detection point of said photon;
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b) an amplification assembly structured and disposed to
receive said electron generated by said response assem-
bly and to generate a plurality of electrons in response
thereto and in substantially direct alignment with a
generation point of said electron from said response
assembly; and

¢) a photon generation assembly responsive to said plu-
rality of electrons generated by said amplification
assembly and structured to generate an image photon in
substantially direct alignment with an emission point of
said plurality of electrons and of an increased intensity
corresponding a quantity of said plurality of electrons
generated by said amplification assembly so as to
define said enhanced photon based image.

3. A low light imaging device as recited in claim 2
wherein said output image generation assembly includes at
least one eye piece disposed in visually aligned communi-
cation with said photon generation assembly.

4. A low light imaging device as recited in claim 1
wherein said thermal image adjustment assembly and said
photon image adjustment assembly are structured to be
independently and separately adjusted relative to one
another.

5. A low light imaging device comprising:

a) an optical input structured to define a line of sight;

b) a first imaging assembly structured to generate a
thermal image corresponding to radiation signatures
disposed at least within said line of sight;

¢) a second imaging assembly structured to generate an
enhanced photon based image upon detected photons
disposed at least within said line of sight;

d) a first image adjustment assembly and a second image
adjustment assembly, said first and said second image
adjustment assemblies being operable to adjust said
first and said second imaging assemblies so as to adjust
an intensity of said thermal image and said enhanced
photon based image generated thereby;
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¢) an output image generation assembly structured to
combine said thermal image and said enhanced photon
based image to generate a single output image.

6. A low light imaging device comprising:

a) an optical input structured to define a line of sight;

b) a thermal imaging assembly structured to generate a
thermal image corresponding to radiation signatures
disposed at least within said line of sight;

¢) an image intensification assembly structured to gener-
ate an enhanced photon based image upon detected
photons disposed at least within said line of sight;

d) a thermal image adjustment assembly and a photon
image adjustment assembly, said thermal image adjust-
ment assembly structured to adjust said thermal imag-
ing assembly so as to adjust said thermal image gen-
erated thereby;

¢) an output image generation assembly structured to
combine said thermal image and said enhanced photon
based image to generate a single output image.

7. A low light imaging device comprising:

a) an optical input structured to define a line of sight;

b) a thermal imaging assembly structured to generate a
thermal image corresponding to radiation signatures
disposed at least within said line of sight;

¢) an image intensification assembly structured to gener-
ate an enhanced photon based image upon detected
photons disposed at least within said line of sight;

d) a thermal image adjustment assembly and a photon
image adjustment assembly, said photon image adjust-
ment assembly structured to adjust said image intensi-
fication assembly so as to adjust said enhanced photon
based image generated thereby;

¢) an output image generation assembly structured to
combine said thermal image and said enhanced photon
based image to generate a single output image.
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