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(57) Abrége/Abstract:

A binocular-like vision system (50) for enabling an observer to view an object. The system includes an input end (72, 90) that
receives light from the object and an optical transfer system (62, 64, 86, 88) that recelves the light recelved from the input end
and transfers the recelved light to an image intensifier (68) which intensifies the received light, wherein the intensified recelved
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end forms a field of view of the object that Is greater than a 60 degree horizontal field of view.
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(57) Abstract

A binocular-like vision system (50) for enabling an observer to view an object. The system includes an input end (72, 90) that
receives light from the object and an optical transfer system (62, 64, 86, 88) that receives the light received from the input end and transfers
the received light to an image intensifier (68) which intensifies the received light, wherein the intensified received light is transferred to
and transmitted out of an output end (80, 92) of the system, wherein the light transmitted out of the output end forms a field of view of the
object that is greater than a 60 degree horizontal field of view.
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CA 02275583 1999-06-18

WO 98/28641 PCT/US97/23671

PANORAMIC NIGHT VISION GOGGLES

BACKGROUND OF THE INVENTION

Field Of The Invention

S This mvention relates to a binocular-type viewing system having a

substantially enlarged field of view that can be used in day and/or night time

conditions.

Discussion Of Related Art

Existing night vision systems have many applications in every day life.
10 Perhaps the most well known use for night vision systems is by the military when
performing night time maneuvers. The night vision systems permit vision under
very low light conditions by converting incoming infrared and/or visible light from
a viewed scene to an intensified visible light image. During night time maneuvers,
military personnel are often performing other tasks, such as piloting an aircraft or
15 driving a vehicle, which require the freedom of their hands while they are
scanning the territory. Accordingly, night vision systems have been developed to
be worn upon the head of a user, such as goggles being secured directly on the

head or by being mounted to a helmet.
Placing a night vision system on the head of a user places significant
20 constraints upon the optical design of the system. For example, goggles worn upon
the head of a user must be both compact and light in weight because excessive
weight or front-to-back length of the goggles can cause the goggles to exert large
moments on the user’s head causing severe instability problems and preventing

their effective use in applications in which the user’s head may be subjected to

25 high gravitational or centrifugal loads. Furthermore, in a wide field of view optical

system, the focal length of the eyepiece optics must be shortened correlatively that
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of the wide angle objective for unity magnification; and, in night vision goggles, this results in
insufficient eye relief between the eyepiece optics and the eye, which not only causes discomfort
to the user, but also interferes with the ability to position a helmet visor, eyeglasses and other
structures between the goggles and the eyes of the user. In order to compensate for inadequate
eye relief, prior night vision goggles have generally been limited to providing a field of view of
no more than about 40 degrees. In such goggles, both eyes see the same field of view, 1.e., there
1s a 100 percent overlap of the image viewed by both eyes of the observer. Such a limited field
of view greatly restricts the effectiveness of the night vision apparatus.

U.S. Patent No. 5,229,598 addresses the above-mentioned problems and discloses a
compact, lightweight, night vision system capable of providing an enlarged field of view of up to
60 degrees with improved visual acuity and sufficient eye relief.

In addition to night vision systems, other imaging systems, such as hand-held binoculars,
typically provide a rather limited field of view; and it would be desirable to provide such systems
with increased fields of view as well.

SUMMARY OF THE INVENTION

The present invention regards a binocular-like vision system for enabling an observer to
view an object. The system includes at least three optical channels including a first channel
comprising a first input end that receives light from the object and a first output end that receives
light from the first input end, wherein the first output end defines a first optical axis along which
light received from the first input end is transmitted. The system includes a second optical

channel comprising a second input end that receives light from the object and a second output

end that receives light from the second input end, wherein the second output end defines a second
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optical axis along which light received trom said second input end is transmitted. A third optical
channel comprises a third input end that receives light from the object and a third output end that
recerves light from the third input end, wherein the third output end defines a third optical axis
along which light received from the third input end 1s transmitted, wherein light transmitted
along the first, second and third optical axes i1s simultaneously transmitted from the binocular-
like vision system to the observer, and wherein light transmitted from the at least three optical
channels forms a field of view comprising a horizontal field of view of approximately 60 degrees
or more.,

Another aspect of the present invention regards a panoramic imaging apparatus. The
system Includes a first pair of imaging systems for presenting a first pair of images of a viewed
scene to a first, left eye of a user, and a second pair of imaging systems for presenting a second
pair of images of the viewed scene to a second, right eye of a user. The first pair of imaging
systems includes a first imaging system which 1s directed to look substantially straight ahead and
a second imaging system which is directed to look at an angle of approximately 30° to 35° to the
left with respect to the first imaging system of the first pair of imaging systems, and the second
pair of imaging systems includes a first imaging system which is directed to look substantially
straight ahead and a second imaging system which 1s directed to look at an angle of
approximately 30° to 35" to the right with respect to the first imaging system of the second pair
of imaging systems, wherein the first imaging systems of both the first and second pairs of
imaging systems are directed to look substantially straight ahead 1n a parallel fashion.

Each of the above-mentioned amendments present the advantage of providing an enlarged

field of view with improved visual acuity and sufficient eye relief for a compact, lightweight,
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binocular-like vision system.
Further advantages and specific details of the invention will be set forth hereinafter in

conjunction with the following detailed description of presently preferred embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a top view of a binocular-like vision system according to the present invention;
FIG. 2 i1s a rear view of the binocular-like vision system of FIG. 1;
FIG. 3 schematically shows the field of view generated by the binocular-like vision

system of FIG. 1;
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FIG. 4 1s a top view of a second embodiment of a binocular-like vision
system according to the present invention;

FIG. 5 1s a rear view of the binocular-like vision system of FIG. 4:

FIG. 6 schematically shows the field of view generated by the binocular-

like vision system of FIG. 4;

FIG. 7 i1s a top view of a third embodiment of a binocular-like vision
system according to the present invention;

FIG. 8 is a rear view of the binocular-like vision system of FIG. 7:

FIG. 9 schematically shows the field of view generated by the binocular-

like vision system of FIG. 7;

FIG. 10 i1s a front view of a fourth embodiment of a binocular-like vision
system according to the present invention;

FIG. 11 1s a bottom view of the binocular-like vision system of FIG:

FIG. 12 schematically shows the field of view generated by the binocular-

like vision system of FIG. 10;

FIG. 13 schematically illustrates a head up display (HUD) superimposed

on the field of view of FIG. 12;
FIG. 14 is a front view of the binocular-like vision system of FIG. 10 with
a mounting structure for attachment to a helmet:

FIG. 15 1s a bottom view of the binocular-like vision system of FIG 14;

FIG. 16 shows a top view of a prior art binocular-like vision system and

the field of view generated by the system;
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FIG. 17 shows a top view of a fifth embodiment of a binocular-like vision
system according to the present invention and the filed of view generated by the
system;

FIG. 18 is a front view of a sixth embodiment of a binocular-like vision
system according to the present invention;

FIG. 19 is a top view of the binocular-like vision system of FIG. 13;

FIG. 20 is a rear view of the binocular-like vision system of FIG. 18;

FIG. 21 is a partially exposed top view of the binocular-like vision system

of FIG. 18;

FIG. 22 shows a side view of the binocular-like vision system of FIG. 18;

and

FIG. 23 shows an exposed side view of the binocular-like vision system of

FIG. 22.

DESCRIPTION OF THE PREFERRED EMBODIMENT

Several binocular-type viewing systems according to the present invention
are schematically shown in FIGS. 1-23, wherein like elements are identified by
like numerals. The binocular-like vision systems 50 of FIGS. 1-23 generally have
an input end (72, 90) that receives light from an object and an optical transfer
system (62, 64, 86, 88) that receives the light received from the input end and
transfers the received light to an output end (80, 92) of the system, wherein light

transmitted out of the output end forms a field of view of the object that is greater

than a 60 degree horizontal field of vision.
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FIGS. 1-3 show one embodiment of a binocular-like vision system 50 according to the
present invention that operates in the above-described manner. The vision system 50 1s
contained in a housing assembly 52 which has a pair of housings 54 and 56 connected to one
another by a bridge 57 and are arranged for respectively covering the right eye 58 and the left eye
60 of an observer. A pair of eyelets 61 are provided in the housings 54 and 56 to receive a strap
or the like so that the user can conveniently carry the vision system 50 around his neck when not
In use.

Each of housings 54 and 56 contain identical optical systems which are mirror images of
each other about a plane 63 (denoted by dashed lines) that bisects the housing assembly 52 as
shown in FIG. 1. Accordingly, the discussion to tollow regarding the housing 54 is equally
applicable to the housing 56.

As shown in FIG. 1, the housing 54 includes two separate optical components 62 and 64.
The inner optical component 62 has the identical optical structure as the outer optical component
64. Accordingly, the discussion to follow regarding the structure of the inner optical component
62 1s equally applicable to the outer optical component 64. The inner optical component 62
includes three main optical structures - - (1) an objective optical system 66, (2) an image
intensifier tube 68 and (3) an eyepiece optical system 70. The objective optical system 66
defines an input end 72 that receives light from an object . The objective optical system 66
includes a wide-angle lens group that provide a desired field of view of, for example, 40 degrees
and can be of conventional design, such as disclosed in U.S. Patent No. 5,416,315. The objective

optical system 66 includes
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approximately 2 to 7 optical elements, such as plastic or glass lenses L, which
have an effective focal length of approximately 21 mm, P/1.2. The lenses L of the
objective optical system are preferably spherical or aspherical in design.

The objective optical system 66 is designed to receive light from an object
being viewed at the input end 72 and to transfer an image of the object to the input
end or photocathode side 74 of the image intensifier tube 68.

The 1mage ntensifier tube 68 makes it possible for the observer to view an
object 1n dark conditions by receiving the visible and/or infrared light image of the
object transferred to the imput end 74 thereof The image intensifier tube 68
converts the received image to an intensified visible output image in a
predetermined narrow band of wavelengths at the output end 78 of the image
intensifier tube 68. The image intensifier tube 68 is well known in the art. For
example, the image intensifier tube 68 may include a GaAs photocathode at the
input end 74 and the output light from the image intensifier tube 68 is emitted by
a green phosphor producing a visible band of light which is known as "P-20" light,
although 1t will be appreciated that other image intensifier constructions could also
be used.

The 1mage intensifier tube 68 also includes a fiber optic bundle
(schematically shown at 75) for transmitting bits of image data from the
photocathode input end 74 to the phosphor output end 78 thereof. The fiber optic
bundle 75 is preferably twisted in a manner well known in the art to provide an

image rotation of 180 degrees so that an upright image of the object will be

presented to the eye of the user.
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The intensified visible output image generated by the image intensifier tube 68 is
transferred to an output end 80 of the inner optical component 62 via the eyepiece optical system
70. The light transmitted through the output end 80 1s transmitted along the optical axis 84
which 1s aligned with the optical axis of the right eye 58. The eyepiece optical system 70 can be
of conventional design, such as disclosed in U.S. Patent No. 5,416,315. The eyepiece optical
system 70 includes approximately 2 to 7 optical elements, such as plastic or glass lenses L, which
have an effective focal length of approximately, 21 mm, P/1.2. The lenses L of the objective
optical system are preferably spherical or aspherical 1n design.

In order to enlarge the field of view, an outer optical component 64 is provided which
also directs light from the object to the observer. As explained previously, the outer optical
component 64 has the same optical structure as the inner optical structure 62 previously
described. Like the inner optical component 62, the outer optical component 64 includes an
objective optical system 66, an image intensifier tube 68 and an eyepiece optical system 70
which operate in the same manner as their counterparts in the inner optical component 62.
Accordingly, the objective optical system 66 and the eyepiece optical system 70 of the outer
optical component 64 each have an effective focal length of approximately 21 mm like their
counterparts in the inner optical component 62.

The above described outer optical component 64 operates in a manner similar to that of
the inner optical component 62. The input end 72 of the outer optical component 64 receives
light from an object. The received light is then transferred via the objective optical system 66 to

the image 1n turn generates an
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intensified 1mage that is received by the eyepiece optical system 70. The eyepiece
optical system 70 then sends the image to an output end 80 of the outer optical
component 64. The light transmitted through the output end 80 travels along an
optical axis 82 that is offset from the optical axis 84 by an angle ranging from
approximately 30° to 35¢ and which is preferably 30 degrees.

As stated previously, the inner optical component 86 for the left eye 60 has
the same structure and operates in the same manner as the inner optical component
62. Similarly, the outer optical component 88 for the left eye 60 has the same
structure and operates 1n the same manner as the outer optical component 64. In
other words, the 1nner and outer optical components 86 and 88 each receive light
from an object at the input ends 90 and transfer their images of the object to
respective output ends 92. As shown in FIG. 1, the image from the inner optical
component 86 1ntensifier tube 68 which is projected along an optical axis 94 that
1s aligned with the optical axis of the left eye 60 and, thus, substantially parallel
to the optical axis 84. The image from the outer optical component 88 is projected
along an optical axis 96 that is offset from the optical axis 94 by an angle ranging
from 30 degrees to 35 degrees, preferably approximately 30 degrees. As best
shown 1n FIG. 2, the two eyepiece optical systems 70 for each of the housings 54
and 56 are positioned adjacent to each other so that both images at the output ends
80 and 92 appear continuous without a noticeable line of demarcation between the
exit elements of the eyepiece optical systems. With respect to the forward looking

direction, the two adjacent eyepiece optical systems for each housing 54 and 56
provide a continuous horizontal field of view that begins about 50 degrees to the

right (or to the left) and ends 15 degrees to the left (or to the right).
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As shown in FIG. 1, the optical systems are in line with the line of sight of
the observers eyes 58 and 60. In addition, as shown in FIG. 2, the output ends 80
and 92 may each be offset below their respective input ends 72 and 90. This is
accomplished by inserting well known mirror systems or prism systems (not
shown) between the output ends 78 of the image intensifier tubes 68 and the
eyepiece optical components 70. The apparatus also includes a well known
mechanism 98 for adjusting the interpupillary distance between the cyepicce optical
systems in the two housings 54 and 56 to accommodate different users.

The ficld of view 100 generated by the light simultaneously transmitted
along the four optical axes 82, 84, 94, 96 to the observer is schematically shown in
FIG. 3. The field of view 100 is the result of having the sub-ficlds of view formed
from each of the output ends 80 and 92 overlap one another. Each of the four sub-
fields of view are circular having a horizontal field of view of approximately 40
degrees and a vertical field of view of approximately 40 degrees. The ficld of view
100 includes two peripheral portions 102 and 104 that are separated from one
another and each portion 102 and 104 has a monocular effect on the observer. The
field of view 100 includes an overlapping central portion 106 spanning
approximately 30 degrees. The central portion 106 is positioned berween the
monocular portions 102 and 104 and 1s viewed by both eyes S8 and 60 of the
observer so as to provide full depth perception and exact stereo vision in the central
portion. The field of view 100 has a vertical field of view of approximately 40
degrees and a horizontal field of view of approxirnately 100 degrees. Thus, the

optical transfer system of the invention forms a first sub-ficld of view and a second
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sub-field of view, wherein the first and second sub-field of view form said field of

view. The second sub-field of view overlaps the first sub-field of view. In one
preferred embodiment, the first sub-field of view comprises a horizontal field of
approximately 40 degrees.

The above described binocular-like vision system 50 of FIGS. 1-3 has a

mass of approximately 550 g, a micro-channel plate (MCP) pitch of ranging from

s Ay SR T NNt S LLL b, - St M BRI M AR K VTS AAE ST iy A IOV SRRV TR/ a-M N CMEN Sl A S N vt S sk sty




10

15

20

CA 02275583 2001-08-03

12
6 to 7 microns, a limiting resolution of greater than or equal to 60 LP/mm, eye relief of greater
than or equal to 20 mm and system resolution of approximately 1.15 cy/mr min. Note that in
order to produce a distortion-iree system 50, the magnifications of all four optical components
62, 64, 86 and 88 must be controlled to be within 2.5% of each other. In addition, a coupled
focus mechanism 108 1s provided to adjust the position of the input ends in the X and Y
directions so that any mismatch between two adjacent images at the output ends is eliminated.

Other variations of the binocular-like vision system 50 are possible by varying the
objective and eyepiece optical systems 66 and 70 1n numerous ways in a manner well known in
the art. For example, a horizontal field of view of approximately 120 degrees and a vertical field
of view of approximately 50 degrees 1s formed by the binocular-like vision system 50 of FIGS. 4-
6. The binocular-like vision system 50 of FIGS. 4-6 basically has the same structure as and
functions like the system 50 previously described with respect to FIGS. 1-3 with some minor
changes to the objective optical components 66 and the eyepiece optical components 70 of the
optical components 62, 64, 86 and 88. The image intensifier tubes 68 are unchanged.

As with the vision system 50 of FIGS. 1-3, the inner optical components 62, 86 and the
outer optical components 64 and 88 each have identical optical structures. The objective optical
system 66 and eyepiece optical system 70 can be of conventional design, such as disclosed in
U.S. Patent No. 5,416,315. The objective optical system 66 includes approximately 2 to 7

optical elements, such as plastic or glass lenses L, which have an effective focal length of

approximately 17 mm. The
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eyepiece optical system 70 includes approximately 2 to 7 optical elements. such
as plastic or glass lenses L, which have an effective focal length of approximately
22mm. The lenses L of both the objective optical systems 66 and the eyepiece
optical systems 70 are preferably spherical or aspherical in design.

As shown 1n FIG. 4 the optical axes 84 and 94 are aligned with the optical
axes of the right and left eyes 58 and 60, respectively, of the observer. The optical
axes 82 and 96 are offset from the optical axes 84 and 94, respectively, by
approximately 35 degrees.

The field of view 100 generated by the light simultaneously transmitted
along the four optical axes 82, 84, 94 and 96 is schematically shown in FIG. 6.
The field of view 100 is the result of having the sub-fields of view formed from
the output ends 80 and 92 overlapping one another. The four sub-fields of view
each are circular having a horizontal field of view of approximately 50 degrees and
a vertical field of view of approximately 50 degrees. In a manner similar to that
shown in FIG. 3, the field of view 100 includes two monocular portions 102, 104
and a 35 degree binocular portion 106. The field of view 100 has a vertical field
of view of approximately 50 degrees and a horizontal field of view of
approxixﬁately 120 degrees.

The above described binocular-like vision system 50 of FIGS. 4-6 has a
mass of approximately 550 g, a limiting resolution ranging from 57 to 60 LP/mm
and a system resolution of approximately 0.93 cy/mr min.

The binocular-like vision system 50 of FIGS. 7-9 basically has the same

structure as and functions like the vision system 50 previously described with

respect to FIGS. 4-6 where the objective optical components 66 of the inner and
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outer optical components 62, 64, 86 and 88 are each replaced with an 1dentical 26 to 27 mm
effective focal length objective optical component 66 sold by Night Vision Corporation under the
NOVA-8 trademark. The image intensifier tubes 68 are also sold by Night Vision Corporation
under the NOVA-8 trademark.

As with the vision system 50 of FIGS. 1-6, the inner optical components 62, 86 and the
outer optical components 64 and 88 each have identical optical structures for the objective
optical systems 66, the image intensifier tubes 68 and the eyepiece optical systems 70. The
eyepiece optical system 70 can be of conventional design, such as disclosed in U.S. Patent No.
5,416,315. The eyepiece optical system 70 includes approximately 2 to 7 optical elements, such
as plastic or glass lenses L, which have an effective focal length of approximately 26 to 27 mm.
The lenses L of both the objective optical system 66 and the eyepiece optical system 70 are
preferably spherical or aspherical in design.

As shown in FIG. 7, the optical axes 84 and 94 are aligned with the optical axes of the
right and left eyes 58 and 60, respectively, of the observer. The optical axes 82 and 96 are offset
from the optical axes 84 and 94, respectively, by approximately 35 degrees.

The field of view 100 generated by the light simultaneously transmitted along the four
optical axes 82, 84, 94 and 96 is schematically shown in FIG. 9. The field of view 100 is the
result of having the sub-fields of view formed from the output ends 80 and 92 overlapping one
another. The four sub-fields of view each are circular having a horizontal field of view of
approximately 50 degrees and a vertical field of view of approximately 50 degrees. In a manner

similar to that
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shown in FIG. 3, the field of view 100 includes two monocular portions 102, 104

15

and a 35 degree binocular portion 106. The field of view 100 has a vertical field of
view of approximately 50 degrees and a horizontal field of view of approximately
120 degrees.

The above described binocular-like vision system 50 of FIGS. 7-9 has a
mass of approximately 950 g, a limiting resolution of greater than 60 LP/mm, a
MCP pitch of 6-7 microns and a system resolution ranging from 1.1 to 1.4 cy/mr

Y min.

A fourth embodiment of a binocular-like vision system according to the
present invention is shown in FIGS. 10-15. More particularly, FIGS. 10-15
illustrate a vision visor system in which a binocular-like vision system S0 is
mounted to a helmet-mounted visor 110 for use by aircraft pilots and the like. As
shown in FIGS. 14-15, the visor 110 is mounted to the helmet 112 by an Aviator
Night Vision Imaging System (ANVIS)-type mount 114. The mount 114 allows he

visor 110 to move between a down position in front of the eyes of the observer

during use and an up position away from the observer's face when not in use. The
vision system 50 typically includes input ports to project Head-up display (HUD)
information and for other purposes, suitable power source couplings and other
structures which do not formn a part of the present invention and are thus not
described herein.

The binocular-like vision system SO of FIGS. 10-15 generally has the same
structure as and functons like the vision systern SO previously described with
respect to the systems 50 of FIGS. 1-9 where the objective and eyepiece optical

components 66 and 70 of the inner and outer optical components 62, 64, 86 and
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88 are each replaced with optical components to give a desired field of view. As with the vision
system 50 of FIGS. 1-9, the inner optical components 62, 86 and the outer optical components 64
and 88 each have 1dentical optical structures for the objective optical systems 66, the image
intensitier tubes 68 and the eyepiece optical systems 70. The objective and eyepiece optical
systems 66 and 70 can be of conventional design, such as disclosed in U.S. Patent No. 5,416,315.
The objective optical system 66 includes approximately optical elements, such as plastic or glass
lenses L, which have an effective focal length of approximately 21.9 mm. The eyepiece optical
system 70 includes approximately optical elements, such as plastic or glass lenses L, which have
an effective focal length of approximately 21.9 mm. The lenses L of both the objective optical
system 66 and the eyepiece optical system 70 are preferably spherical or aspherical in design.

As shown in FIGS. 10-11 and 14-15, all four light components 62, 64, 86 and 88 have
light paths which are folded in contrast to the linear like light paths of the binocular-like vision
systems 50 of FIGS. 1-9. The folded light paths are formed by a number of well known fold
prisms along the optical paths and between the image intensifier tubes 68 and the eyepiece
optical systems 70 in a manner as described in U.S. Patent No. 5,416,315. The folded optical
paths allow the apparatus to be packaged radially close to the face along the contour of the visor
110, thereby minimizing any resulting shift in the center of gravity of total head-borne weight.
The apparatus also provides a low profile that minimizes any adverse aerodynamic effects that

might develop under wind blast conditioning.
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As shown in FIG. 11, the optical axes 84 and 94 are aligned with the
optical axes of the left and right eyes 58 and 60, respectively, of the observer. The
optical axes 82 and 96 are offset from the optical axes 84 and 94, respectively, by
approxirnately 35 degrees.

The ficld of view 100 generated by the light simnultaneously transmitted
along the four optical axes 82, 84, 94 and 96 is schematically shown in FIG. 12.
The field of view 100 is the result of having the sub-fields of view formed from
the output ends 80 and 92 overlapping one another. The four sub-ficlds of view
each are circular having a horizontal field of view of approximately 40 degrees and
a vertical field of view of approximately 40 degrees. In a manner similar to that
shown in FIG. 3, the field of view 100 includes two monocular portions 102, 104
and a 35 degree binocular portion 106. The field of view 100 has a vertical field
of view of approximately 40 degrees and a horizontal field of view of
approximately 100 degrees.

The above described binocular-like vision system S0 of FIGS. 10- 15 has
a rmass of approximately 550 g, a limiting resolution of approximately 60 LP/mm,
an eye relief of 20 mm min. a system gain of 3,000 min. and a system resolution
of approximately 1.10 cy/mr min.

Note that each of the objective optical systems 62, 64, 86, 88 is mounted
in and extends slightly through an opening provided in the visor 110 and is
mounted to the visor 110 by suitable bearings or the like. Although the objective
systems 66 are fixed in position in the visor 110, the eyepiece optical
systems 70 are adjusiable by adjustment knobs 116 (FIG. 10) to match the

interpupiliary distances of the users. The housings carrying the objective optical
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systems 66 are rotatable 1n their respective bearings to permit the eyepiece optical systems 70 to

be adjusted 1n position. Various structural details and advantageous features of the visor-
mounted panoramic night vision apparatus 50 of FIGS. 10-15 are described in detail in U.S.
Patent No. 5,416,3135.

The binocular-like vision system 50 of FIGS. 10-15 may also include a head up display
(HUD) unit 118 for the display of secondary information such as aircraft data and symbology to
the pilot and crew. A combiner element 120 is used to superimpose HUD information onto the
image-intensified scene of the right eye 58 so that they appear in the same plane. Thus, no
change of the eye’s distance adaptation is needed. The HUD information defines a rectangular
region 122 of approximately 28 degrees wide by 20 degrees high in the field of view 100
centered on the user’s forward-looking line of sight as shown in FIG. 13.

The HUD information is preferably provided in a contrasting color (e.g., yellow) to the

green 1mage intensified scene, and because the HUD and the image intensifier tube provide

information in different colors, a dichroic combiner is used. As a result, the system will provide

high brightness for both images without requiring excessive luminance from either of the two

SOUrcCcs.

The head-up display 118 in FIGS. 10-11 and 14-15 is preferably an electroluminescent

display although 1t may also comprise a liquid crystal display (LCD). In this regard, reference is

made to U.S. Patent No. 5,254,852, which describes the use of a liquid crystal display device for

presenting a secondary image to a user in a night imaging system.
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In general, the information presented on the electronic display is selected
and formatted in a computer and is presented to the display subsystem as a
nominal RS-170 or the like monochrome, on-off (no gray scale or with gray scale
type) signal. The display panel is capable of producing a minimum of 480-row by
640-column to 1024 x 1080 (SVGA) pixel Images. Since the combiner 120 is used.
the HUD image is projected continuously and the user percetves yellow symbols
overlaying the intensified image.

Incorporation of the HUD unit 118 into the panoramic night vision imaging
apparatus 50 adds very little weight to the overall apparatus (e.g., about 65
grams); and, accordingly, the overall apparatus remains ejection safe with a
minimal shift in the center of gravity of the total headborne weight.

In the embodiments described with reference to FIGS. 1-15, panoramic
night vision imaging apparatus are described. As shown in FIGS. 17-23, the
present mvention may also be utilized in Imaging apparatus which do not include
an image intensifier tube 68. The binocular-like vision systems 30 of FIGS. 17-23
generally have the same structure as and functions like the system 50 previously
described with respect to the systems 50 of FIGS. 1-15. One difference between
the vision system 50 of FIGS. 1-15 and FIGS. 17-23 is that the light from the
objective optical systems 66 will be transferred directly to the eyepiece optical
systems 70 without being intensified by an Image intensifier tube 68. Like the
vision systems 50 of FIGS. 1-15. the vision systems of FIGS. 17-23 are able to
produce an enlarged field of view by using two optical components per eye. The
vision systems 50 of FIGS. 17-23 will produce a field of view that is larger than

the 43 degree field of vision produced by the prior art binoculars of FIG. 16. The
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binoculars of FIG. 16 are a set of Jason™ 7x35 PERMAFOCUS™ binoculars which produce a
horizontal field of view of 113 yards at a distance of 1000 yards.

The binocular-like vision systems 50 of FIGS. 17-23 include inner optical components
62, 86 and outer optical components 64 and 88, each component having identical optical
structures for the objective optical systems 66 and the eyepiece optical systems 70. The objective
and eyepiece optical systems 66 and 70 can be of conventional design, such as disclosed in U.S.
Patent No. 5,416,315. The objective optical system 66 includes approximately 2 to 7 optical
elements, such as plastic or glass lenses L, which have an effective focal length of approximately
160 mm. The eyepiece optical system 70 includes approximately 2 to 7 optical elements, such as
plastic or glass lenses L, which have an effective focal length of approximately 25 mm. The
lenses L of both the objective optical system 66 and the eyepiece optical system 70 are preferably
spherical or aspherical in design.

As shown 1n FIGS. 17 and 21, the light from the four objective optical systems 66 is
transmitted to intermediate optical components 124 and 126 before entering the eyepiece optical
systems 70. Optical component 124 preterably 1s a Porro prism which rotates the image from the
inner optical components 62 and 86 by 180 degrees so as to present an upright image to the
observer. Optical component 126 preferably 1s a Schmidt prism which rotates and bends the
image tfrom the outer optical components 64 and 88 so as to present an upright image.

As shown in FIGS. 17 and 21, the optical axes 84 and 94 are aligned with the optical axes

of the right and left eyes 58 and 60, respectively, of the observer.
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The optical axes 82 and 96 are offset from the optical axes 84 and 94,
respectively, by approximately 35 degrees.

The field of view 100 generated by the light transmitted along the four

optical axes 82, 84, 94 and 96 shown in FIGS. 17 and 21 is similar to that shown

5 in FIG. 6. The field of view 100 is the result of having the sub-fields of view

formed from the output ends 80 and 92 overlapping one another. The four sub-

fields of view each are circular having a horizontal field of view of approximately

50 degrees and a vertical field of view of approximately 50 degrees. The field of

view 100 includes two monocular portions 102, 104 and a 35 degree binocular

10 portion 106. The field of view 100 has a vertical field of view of approximately

50 degrees and a horizontal field of view of approximately 120 degrees. The

binocular-like vision system 50 of FIGS. 17, for example, theoretically produces

a horizontal field of view of 495 yards at a distance of 1000 yards. The vision

system 50 of FIGS. 18-23 produces a horizontal field of view of 1058 feet at 1000

15 yards.

As 1n previous embodiments of FIGS. 1 -15, the eyepiece optical systems

70 in each housing 54 and 56 are positioned adjacent to each other so that the

overall panoramic image appears continuous without a noticeable line of
demarcation between the exit elements of the eyepiece.

20 The vision system 50 of FIGS. 18-23 differs from the vision system 50 of

FIG. 17 in several ways. First, the outer components 64 and 88 of the vision
system 50 of FIGS. 18-23 each include a wedge-shaped lens 128 inserted at the
Input end 72. The lens 128 deflects the line of vision entering the outer

components 64 and 88 in a well known manner. The outer components 64 and 88
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further include a mirror 130 that directs light from the objective optical system 66
to a pair of wedged-shaped lenses 132 and 134 that are located adjacent to the
prism 126. As shown in FIG. 21, the lenses 132 and 134 are arranged on each
other to form parallel input and output sides 136 and 138, respectively. The lenses
132 and 134 correct the color generated by the lens 128.

The foregoing description 1s provided to illustrate the invention, and is not
to be construed as a limitation. Numerous additions, substitutions and other
changes can be made to the invention without departing from 1its scope as set forth
in the appended claims. For exampie, although visor-mounted night vision imaging
apparatus are described herein, the apparatus could readily be designed for
mounting directly to a helmet, if desired. In addition, the optics of components 62,
64, 8 and 88 of FIGS. 1-23 may differ from each other as long as their
components 66, 68 and 70 are able to achieve the desired parameters of the vision
system, such as the desired magnification and effective focal lengths of the
components of the system. Accordingly, it should be understood that the invention

1S to be limited only insofar as 1s required by the scope of the following claims.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A binocular-like vision system for enabling an observer to view an object,
said system comprising:

at least three optical channels including a first optical channel comprising a
first input end that receives light from said object and a first output end that receives light
from said first input end, wherein said first output end detines a first optical axis along
which light received from said first input end 1s transmitted;

a second optical channel comprising a second input end that receives light
from said object and a second output end that receives light from said second 1nput end,
wherein said second output end defines a second optical axis along which light received
from said second input end 1s transmitted; and

a third optical channel comprising a third input end that receives light from

said object and a third output end that receives light from said third input end, wherein said
third output end defines a third optical axis along which light received from said third input
end is transmitted, wherein light transmitted along said first, second and third optical axes 1s
simultaneously transmitted from said binocular-like vision system to said observer, and
wherein light transmitted from said at least three optical channels forms a field ot view
comprising a horizontal field of view of approximately 60 degrees or more.

2. The binocular-like vision system of claim 1, wherein said first optical
channel comprises an image intensifier which is positioned between said first input end and
said first output end and intensifies said received light from said first input end, wherein

said intensified received light is transferred to said first output end.

3. The binocular-like vision system of claim 1, wherein light transmitted from
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said at least three optical channels forms a field of view comprising a vertical field of vision
of at least approximately 40 degrees.

4. The binocular-like vision system of claim 1, wherein light transmitted from
sald at least three optical channels forms a field of view comprising a horizontal field of
view of approximately 100 degrees.

5. The binocular-like vision system of claim 1, wherein light transmitted from
said at least three optical channels forms a field of view comprising a horizontal field of
view of approximately 120 degrees.

6. The binocular-like vision system of claim 1, wherein light transmitted from
said at least three optical channels forms a field of view comprising a first portion having a
monocular effect and a second portion having a binocular eftect.

7. The binocular-like vision system of claim 6, wherein said field of view
comprises a third portion having a monocular etfect, and wherein said second portion is
positioned between said first and third portions.

8. The binocular-like vision system of claim 1, wherein said first optical axis 1s
angularly spaced from said second optical axis ranging from approximately 30 degrees to 35
degrees.

9. The binocular-like vision system of claim 1, comprising a fourth optical
channel comprising a fourth input end that receives light from said object and a fourth
output end that receives light from said fourth input end, wherein said tourth output end
defines a fourth optical axis along which light received from said fourth input end 1s
transmitted, wherein light transmitted from said four optical channels 1s simultaneously

transmitted from said binocular-like vision system to said observer.

10. The binocular-like vision system of claim 9, wherein said first optical axis 1s
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substantially parallel to said third axis, and wherein said third optical axis is angularly
spaced from said fourth optical axis at ranges from approximately 30° to approximately
35°.

11. A panoramic imaging apparatus comprising:

a first pair of 1imaging systems for presenting a first pair of images of a
viewed scene to a first, left eye of a user, and a second pair of imaging systems for
presenting a second pair of images of the viewed scene to a second, right eye of the user;

said first pair of imaging systems including a first imaging system which is
directed to look substantially straight ahead and a second imaging system which is directed
to look at an angle of approximately 30 to 35 degrees to the left with respect to the first
imaging system of the first pair of imaging systems, and said second pair of imaging
systems including a first imaging system which 1s directed to look substantially straight
ahead and a second 1imaging system which is directed to look at an angle of approximately
30 to 35 degrees to the right with respect to the first imaging system of the second pair of
imaging systems, wherein said first imaging systems of both said first and second pairs of
imaging systems are directed to look substantially straight ahead in a parallel fashion.

12.  The panoramic imaging apparatus of claim 11 wherein said first and second
1maging systems of said first and second pairs of imaging systems each comprise optical
imaging systems, and wherein each first and second optical imaging system includes an
objective optical system for receiving incoming light from the viewed scene, and an
eyepiece optical system for presenting an image of the viewed scene to an eye of the user.

13. The panoramic imaging apparatus of claim 12 wherein the eyepiece optical
system of the first and second imaging system of each pair of imaging systems are

positioned adjacent each other so that the images from each appear continuous without any
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noticeable line of demarcation between viewed images.

14.  The panoramic 1maging apparatus of claim 13 wherein the combined effect
of the imaging systems provides a continuous field of view which includes left and right
peripheral portions presented to the left and right eyes, respectively, of the user, and a
central portion presented to both eyes of the user so as to provide full depth perception and
stereo vision in the central portion.

15. The panoramic imaging apparatus of claim 11 wherein each of said first and
second 1maging systems of said first and second pairs of imaging systems further includes
an 1mage intensifier tube between the objective optical systems and the eyepiece optical
systems thereot for converting incoming infrared and/or visible light to an intensified visible
image for presentation to the eyes of the user.

16.  The panoramic imaging apparatus of claim 15 wherein said apparatus is
mounted to and movable with a helmet-mounted visor.

17.  The panoramic 1maging apparatus of claim 15 wherein said apparatus further
includes a head-up display unit for displaying aircraft data and symbology information, and
a combiner apparatus for superimposing the information onto the intensified image
presented to an eye of the user.

18.  The panoramic imaging apparatus of claim 14 wherein said continuous field
of view i1s at least about 100 degrees in the horizontal direction and said central portion of
said field of view is at least about 30 degrees in the horizontal direction.

19.  The panoramic imaging apparatus of claim 11 wherein said apparatus

comprises binoculars.
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