
I A DEVICE FOR ILLUMINATING A TARGET  2 3 FIELD OF THE INVENTION  4 5 [0001]
The present invention relates to a device for illumination of a target, and
more  6 particularly, to a device for illuminating targets both close up and
far away. 7  8 BACKGROUND OF THE INVENTION  9 10 [0002] A device for
illuminating a target is a laser light source which is used to illuminate
11 the target. Such devices may be mounted on aircraft, ground vehicles, or
handheld.  12 One problem with known devices is that viewing a laser spot
depends strongly on the  13 scattering efficiency of the target the laser
impinges upon. For long distances and  14 uncooperative targets, the laser
spot may be too faint to show up. Further, optical  15 components for known
devices are relatively bulky and require precise alignment to  16 avoid
making the laser spot unviewable. Further, such known optical components are
17 either useful for remote, long distance targets, or for close up targets,
but not both. It  18 would be desirable to provide a single device for
illuminating targets both close up and  19 far away, which is not dependent
upon the scattering efficiency of the target, and which  20 can be decoupled
from optical components used for the target. 21  22  23  



1 I SUMMARY OF THE INVENTION  2 3 [0003] In accordance with an aspect of the
present invention, there is provided a device  4 for illuminating a target
comprising a laser which produces a light beam, a viewing  5 medium which
receives electromagnetic radiation in an acceptance band, a beam- 6 splitter
which splits the light beam into a first beam and a second beam, and an
imaging  7 assembly. The imaging assembly comprises a light conversion
medium and an element  8 responsible for image creation comprising one of a
light focusing medium and a light  9 reflective medium. The first beam is
directed along a travel path from the beam-splitter  10 to the element and
then to the light conversion medium, wherein the light conversion  11 medium
converts the first beam into electromagnetic radiation within the acceptance
12 band. A spot object distance between the light conversion medium and the
element is  13 less than a target distance. The target distance is between
the target and the beam- 14 splitter less a distance between the
beam-splitter and the element. 15  16 [0004] From the foregoing disclosure
and the following more detailed description of  17 various preferred
embodiments it will be apparent to those skilled in the art that the  18
present invention provides a significant advance in the technology of target
illumination  19 devices. Particularly significant in this regard is the
potential the invention affords for  20 providing a high quality device of
compact structure and adaptable to a variety of target  21 distances.
Additional features and advantages of various preferred embodiments will be
22 better understood in view of the detailed description provided below. 



23 2 1 BRIEF DESCRIPTION OF THE DRAWINGS  2 3 [0005] Fig. 1 is a device in
accordance with a first embodiment suitable for illuminating  4 targets at
long distances. 5  6 [0006] Fig. 2 is a device in accordance with a second
embodiment suitable for  7 illuminating targets at long distances. 8  9
[0007] Fig. 3 is a device in accordance with a third embodiment suitable for
illuminating  10 targets at short distances. 11  12 [0008] It should be
understood that the appended drawings are not necessarily to scale,  13
presenting a somewhat simplified representation of various preferred
features  14 illustrative of the basic principles of the invention. The
specific design features of the  15 device as disclosed here, including, for
example, the specific dimensions of the imaging  16 assembly, will be
determined in part by the particular intended application and use  17
environment. Certain features of the illustrated embodiments have been
enlarged or  18 distorted relative to others to help provide clear
understanding. In particular, thin  19 features may be thickened, for
example, for clarity of illustration. All references to  20 direction and
position, unless otherwise indicated, refer to the orientation illustrated
in  21 the drawings. 



22  23  3 I DETAILED DESCRIPTION OF CERTAIN EMBODIMENTS  2 3 [0009] It will
be apparent to those skilled in the art, that is, to those who have
knowledge  4 or experience in this area of technology, that many uses and
design variations are  5 possible for the device for illuminating a target
disclosed here. The following detailed  6 discussion of various alternative
and preferred features and embodiments will illustrate  7 the general
principles of the invention with reference to a device suitable for use with
8 targets at both long distances and short distances. Other embodiments
suitable for  9 other applications will be apparent to those skilled in the
art given the benefit of this  10 disclosure. 11  12 [0010] A first
embodiment of the invention is illustrated in Fig. 1 which shows a device
13 10 for illuminating a target 12. The device 10 has a laser 14 which
produces a light  14 beam 16, a viewing medium 18 which receives
electromagnetic radiation 20 in an  15 acceptance band, a beam-splitter 22
which splits the light beam 16 into a first beam 24  16 and a second beam
26, and an imaging assembly 28. Light beam 16 is understood  17 herein to
not be restricted to merely visible light but may include for example, a
laser  18 beam of non-visible wavelengths. 19  20 [0011] The imaging
assembly 28 comprises a light conversion medium 30 and a light  



21 reflective medium 32 having a focal length f. After the light beam 16 is
split, the first  22 beam 24 is directed along a travel path from the
beam-splitter 22 to the light reflective  23 medium 32 and then to the light
conversion medium 30. The light conversion medium 4 1 30 then converts the
first beam 24 into electromagnetic radiation 20 within the  2 acceptance
band. Electromagnetic radiation 20 may include visible wavelengths and/or  3
rays that are non-visible, for example infrared radiation (IR). The
acceptance band of  4 such radiation can also be visible or non-visible, or
a portion of both, or a portion of just  5 visible or just non-visible
wavelengths. 6  7 [0012] In Fig. 1, the first beam 24 travels along the
travel path from the beam-splitter 22  8 to the light reflective medium 32
and then to the light conversion medium 30. A spot  9 object distance r is
the distance between the light reflective medium 32 and light  10 conversion
medium 30. The second beam 26 travels from the beam-splitter 22 to a spot
11 on the target 12. Since a viewing medium acceptance bandwidth of a
viewing medium  12 18 may not include wavelengths from the first beam 24, a
third beam 38 may merely  13 comprise reflected light from the target. The
third beam 38 may be guided towards the  14 viewing medium 18 by, for
example, one or more reflective elements 40 and 34.  15 Reflective element
40 can be part of beam-splitter 22 or the reflective element 40 may  16 be
separate from the beam-splitter 22. An example of reflective elements 40 and
34 is a  17 mirror. A target distance v is the distance between the target
12 and beam-splitter 22  18 less the distance between beam-splitter 22 and
the light reflective medium 32.  19 Advantageously, the spot object distance
r is less than the target distance v, somewhat  



20 reducing the sizes for the various optical components to function
effectively. 21  22 [0013] An example of the light reflective medium 32 used
in the embodiment of  23 Fig. 1 is a mirror. Preferably, the mirror is
concave in shape and more preferably, it is a  5 I protected silver concave
mirror. Suitable mirrors may be purchased from CVI Melles  2 Griot. 3  4
[0014] In a second embodiment of the invention, Fig. 2 shows the device 10
where the  5 light reflective medium 32 is replaced with a light focusing
medium 36 having a focal  6 length f, and can comprise a lens, most
preferably, an achromatic lens. The spot object  7 distance r is the
distance between the light conversion medium 30 and the light focusing  8
medium 36. This time the light focusing medium 36 is positioned between the
beam- 9 splitter 22 and the light conversion medium 30. The target distance
v is the distance  10 between the beam-splitter 22 and the target 12 less
the distance between the beam- I 1 splitter 22 and the light focusing medium
36. Both the embodiments of Figs. 1 and 2  12 are preferable for targets at
long distances. Examples of such applications are laser  13 designation and
ranging applications. 14  15 [0015] The aforementioned embodiments may be
used in both day and night  16 applications. Individual elements may vary in
day and night applications. For example,  17 in day applications where
visible light can be used, the viewing medium 18 may be a  18 light focusing
device such as a telescope operating in the visible wavelength, a human  



19 eye or a camera adapted to process visible light. The beam-splitter 22
may be a  20 dichroic coating which preferentially reflects visible light
over infrared wavelengths.  21 Suitable dichroic coatings may be obtained
from Foctek Photonics, Inc. The light  22 focusing medium 36 may be an
achromatic lens which comprises a BK7 substrate,  23 including those
available from CV] Melles Griot. A light conversion medium 30 suitable 6 1
for day applications may be a VSPOT-IR disc for infrared detection obtained
from  2 Kentek Corporation. 3  4 [0016] Turning to night applications, the
viewing medium 18 may be any thermal imager  5 or camera adapted to process
infrared light operating in either mid-infrared wavelengths  6 (3 to 5
microns) or far-infrared wavelengths (8 to 12 microns). An example of a
suitable  7 beam-splitter 22 is a dichroic coating which preferentially
reflects the acceptance band  8 of the thermal imager or the infrared camera
over a laser wavelength. Suitable dichroic  9 coatings can comprise ZnSe
substrates which can be obtained from Foctek Photonics,  10 Inc. Other
suitable dichroic materials will be readily apparent to those skilled in the
art  11 given the benefit of this disclosure. 12  13 [0017] An example of a
suitable light focusing medium 36 for night applications is an  14
achromatic lens comprising a Zinc-Selenium (ZnSe) substrate. Mullite may be
an  15 example of the light conversion medium 30. Other suitable materials
for use as a light  16 conversion medium for night applications will be
readily apparent to those skilled in the  17 art given the benefit of this
disclosure. Unless otherwise noted, other elements of this  



18 embodiment not specifically discussed here are similar to the embodiment
shown in Fig.  19 1. 20  21 [0018] In the embodiments of Figs. 1-2, the
target is at a relatively long distance from  22 the beam splitter and laser
beam. Thus, although beam 38 and 26 are shown  23 separated at target 12 for
convenience of illustration, over long distances, the relative 7 1 locations
of these items do converge at target 12. Fig. 3 illustrates a third
embodiment  2 of the invention suitable for use in short distance
applications, for example, medical  3 laser applications. For short distance
applications, the spot object distance r will be less  4 than for long range
applications. Here, the spot object distance r is given as fv/(v-f),  5
wherein f is the focal length of the light focusing medium 36. The spot
object distance is  6 defined similarly as in Fig. 2, that is, the distance
between the light conversion medium  7 30 and the light focusing medium 36.
The target distance v is again the distance  8 between the beam-splitter 22
and the target 12 less the distance between the beam- 9 splitter 22 and
light focusing medium 36. It should also be noted that the spot object  10
distance given by fv/(v-f) is generic to both short and long range distance
applications.  11 Of note, when the target distance v is very large, spot
object distance r will be  12 essentially equivalent to the focal length f
of the light reflective medium 32 or light  13 focusing medium 36. Unless
otherwise noted, other elements of this embodiment not  14 specifically
discussed here are similar to the embodiment shown in Fig. 1. 15  16 [0019]
In each embodiment, the spot object distance r and the target distance v are



17 determined with reference to an element responsible for image creation
(i.e., the light  18 reflective medium 32 in Fig. 1 and the light focusing
medium 36 in Figs. 2 and 3). The  19 element responsible for image creation
inherently has a principal plane. It will be readily  20 apparently to those
skilled in the art, given the benefit of this disclosure, that the  21
distances from the element are more precisely from the corresponding
principal plane of  22 that element. For many applications, the difference
is not critical, such as where the  23 lens is thin, for example. 8 1  2
[0020] From the foregoing disclosure and detailed description of certain
preferred  3 embodiments, it will be apparent that various modifications,
additions and other  4 alternative embodiments are possible without
departing from the true scope and spirit of  5 the invention. The
embodiments discussed were chosen and described to provide the  6 best
illustration of the principles of the invention and its practical
application to thereby  7 enable one of ordinary skill in the art to use the
invention in various embodiments and  8 with various modifications as are
suited to the particular use contemplated. All such  9 modifications and
variations are within the scope of the invention as determined by the  10
appended claims when interpreted in accordance with the breadth to which
they are  11 fairly, legally, and equitably entitled. 9 I CLAIMS  2 3 1. A
device for illuminating a target comprising, in combination:  



4 a laser which produces a light beam; 5 a viewing medium which receives
electromagnetic radiation in an acceptance  6 band; 7 a beam-splitter which
splits the light beam into a first beam and a second beam;  8 and 9 an
imaging assembly comprising a light conversion medium and an element  10
responsible for image creation comprising one of a light focusing medium and
a light  11 reflective medium, wherein the first beam is directed along a
travel path from the beam- 12 splitter to the element and then to the light
conversion medium, wherein the light  13 conversion medium converts the
first beam into electromagnetic radiation within the  14 acceptance band; 15
wherein a spot object distance between the light conversion medium and the
16 element is less than a target distance; and 17 the target distance is
between the target and the beam-splitter less a distance  18 between the
beam-splitter and the element. 19  20 2. The device of claim 1, wherein the
light focusing medium is a lens.  21 22 3. The device of claim 1, wherein
the light reflective medium is a mirror.  23 10 1 4. The device of any of
claims 1 to 3, wherein the viewing medium is one of a  2 human eye and a
camera adapted to process visible light. 



3  4 5. The device of any of claims 1 to 3, wherein the viewing medium is
one of a  5 thermal imager and a camera adapted to process infrared light. 6
7 6. The device of any of the preceding claims, wherein the electromagnetic
radiation  8 received in the acceptance band is one of infrared radiation,
visible light, and both  9 infrared radiation and visible light. 10  11 7.
The device of any of the preceding claims, wherein the spot object distance
12 between is 13 fvl(v-t)  14 wherein, 15 f is the focal length of the
element; and  16 v is the target distance. 17  18 8. The device of claim 7,
wherein the element comprises the light focusing medium.  19 20 9. The
device of any of the preceding claims, wherein the light conversion medium
21 is Mullite. 11 




