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DIFFUSE INFRARED LIGHT IMAGING
SYSTEM

TECHNICAL FIELD

The present invention is generally directed to generation
of diffuse infrared light. More particularly, the invention is
directed to a system for illuminating an object with diffuse
infrared light and producing a video image of the object
based on reflected infrared light.

BACKGROUND OF THE INVENTION

Some medical procedures and treatments require a medi-
cal practitioner to locate a blood vessel in a patient’s arm or
other appendage. This can be a difficult task, especially
when the blood vessel lies under a significant deposit of
subcutaneous fat. The performance of previous imaging
systems designed to aid in finding such blood vessels has
been lacking.

Therefore, a system for enhancing the visual contrast
between subcutaneous blood vessels and surrounding tissue
is needed.

SUMMARY OF THE INVENTION

The foregoing and other needs are met by an imaging
system for viewing body tissue under diffuse infrared illu-
mination to enhance visibility of subcutaneous blood ves-
sels. The imaging system includes an illumination system
for illuminating the body tissue with infrared light that
arrives at the body tissue from a plurality of different
illumination directions. Thus, the illumination system pro-
vides diffuse infrared light to the body tissue. The imaging
system also includes a video imaging device for viewing the
body tissue, for receiving the diffuse infrared light reflected
from the body tissue, and for generating a video image of the
body tissue based on the diffuse infrared light reflected from
the body tissue.

Using the invention described herein, subcutaneous blood
vessels that are difficult or impossible to see under white
light or under non-diffuse infrared light can be easily seen in
the video image, where the subcutaneous blood vessels
appear as dark lines against a lighter background of sur-
rounding flesh.

In preferred embodiments of the invention, the illumina-
tion system includes an infrared light source for generating
the infrared light and a light diffusing structure for diffusing
the infrared light. The diffusing structure has an input
aperture for receiving the infrared light from the infrared
light source, and multiple interior reflecting surfaces. The
reflecting surfaces reflect the infrared light multiple times
and in multiple directions, thereby producing diffuse infra-
red light. The diffusing structure also has an output aperture
for receiving the diffuse infrared light reflected from the
plurality of reflecting surfaces and for emitting the diffuse
infrared light toward the body tissue. The system further
includes a video imaging device for receiving the diffuse
infrared light reflected from the body tissue and for gener-
ating a video image of the body tissue based on the reflected
infrared light.

In some preferred embodiments, the diffusing structure
includes an elongate outer enclosure having reflective inner
surfaces, and an elongate inner enclosure disposed within
the outer enclosure. The inner enclosure has reflective outer
surfaces facing the inner surfaces of the outer enclosure.

In other preferred embodiments, the invention provides an
illumination system for enhancing visual contrast between
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bright and dark areas of an object as sensed by a direct
observer of the object. The system includes an infrared light
source for generating infrared light, and a structure for
diffusing the infrared light. The diffusing structure has an
input aperture for receiving the infrared light from the
infrared light source, and multiple reflecting surfaces for
reflecting the infrared light multiple times and in multiple
directions, thereby producing diffuse infrared light. The
diffusing structure also has an output aperture for receiving
the diffuse infrared light reflected from the reflecting sur-
faces and for emitting the diffuse infrared light toward the
object. The system further includes a video imaging device
for measuring diffuse infrared light reflected from the object
in the form of an image, and for creating a video output
signal representative of the image. A video projector
receives the video output signal from the video imaging
device and projects visible video projector light onto the
object, thereby forming a visual image which is represen-
tative of the visual image received by the video imaging
device. The visual image projected by the video projector
illuminates the object from the same perspective that the
video imaging device views the object. Thus, features of the
projected visual image overlay the corresponding features of
the object. The system includes a filter for distinguishing
between the diffuse infrared light and the visible video
projector light. The filter prevents the visible video projector
light from reaching the video imaging device while allowing
the diffuse infrared light reflected from the object to reach
the video imaging device. Thus, the filter eliminates positive
feedback which would degrade the desired visual effect.

In yet another aspect, the invention provides a method for
viewing body tissue under infrared illumination to enhance
visibility of subcutaneous blood vessels. The method
includes the step of providing infrared light to the body
tissue from multiple different illumination directions,
thereby illuminating the body tissue with diffuse infrared
light. The method also includes viewing the body tissue
from a viewing direction using a video imaging device, and
generating a video image of the body tissue based on diffuse
infrared light reflected from the body tissue. Using the video
image of the body tissue, the subcutaneous blood vessels
may be found.

BRIEF DESCRIPTION OF THE DRAWINGS

Further advantages of the invention will become apparent
by reference to the detailed description of preferred embodi-
ments when considered in conjunction with the drawings,
which are not to scale, wherein like reference characters
designate like or similar elements throughout the several
drawings as follows:

FIG. 1 depicts an imaging system for viewing an object
under infrared illumination according to a preferred embodi-
ment of the invention;

FIGS. 2a and 2b are perspective views of an imaging
system using diffuse infrared light according to a preferred
embodiment of the invention;

FIGS. 3 and 4 are cross-sectional views of the imaging
system according to a preferred embodiment of the inven-
tion;

FIG. 5 is a functional block diagram of the imaging
system according to a preferred embodiment of the inven-
tion;

FIG. 6a is a perspective view of an imaging system using
diffuse infrared light according to an alternative embodiment
of the invention;

FIG. 6b is a cross-sectional view of the imaging system of
FIG. 6a;
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FIG. 7a is a perspective view of an imaging system using
diffuse infrared light according to another embodiment of
the invention; and

FIG. 7b is a cross-sectional view of the imaging system of
FIG. 7a.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Skin and some other body tissues reflect infrared light in
the near-infrared range of about 700 to 900 nanometers,
while blood absorbs radiation in this range. Thus, in video
images of body tissue taken under infrared illumination,
blood vessels appear as dark lines against a lighter back-
ground of surrounding flesh. However, due to the reflective
nature of subcutaneous fat, blood vessels that are disposed
below significant deposits of such fat can be difficult or
impossible to see when illuminated by direct light, that is,
light that arrives generally from a single direction.

The inventor has determined that when an area of body
tissue having a significant deposit of subcutaneous fat is
imaged in near-infrared range under illumination of highly
diffuse infrared light, there is significantly higher contrast
between the blood vessels and surrounding flesh than when
the tissue is viewed under direct infrared illumination.
Although the invention should not be limited by any par-
ticular theory of operation, it appears that most of the diffuse
infrared light reflected by the subcutaneous fat is directed
away from the viewing direction. Thus, when highly diffuse
infrared light is used to illuminate the tissue, the desired
visual contrast between the blood vessels and the surround-
ing flesh is maintained.

Shown in FIG. 1 is an imaging system 2 for illuminating
an object 32, such as body tissue, with highly diffuse
infrared light, and for producing a video image of the object
32 based upon infrared light reflected from the object 32. As
described in detail herein, when the object 32 is body tissue,
blood vessels that are disposed below subcutaneous fat in
the tissue may be clearly seen in a video image produced by
the system 2.

The imaging system 2 includes an illumination system 10
that illuminates the object 32 with infrared light from
multiple different illumination directions. The system 10
includes multiple infrared light providers 10a—10f, each
providing infrared light to the object 32 from a different
illumination direction. The directions of arrival of the infra-
red light from each light provider 10a—10f are represented in
FIG. 1 by the rays 4a—4f. As shown in FIG. 1, the directions
of arrival of the infrared light ranges from perpendicular or
near perpendicular to the surface of the object 32, to parallel
or near parallel to the surface of the object 32. Since the
infrared illumination arrives at the object 32 from such a
wide range of illumination directions, the infrared illumina-
tion is highly diffuse.

As described in greater detail hereinafter, the light pro-
viders 10a-10f are preferably light reflecting surfaces that
direct light from a single light source toward the object 32.
In other embodiments, the light providers 10a—10f are
individual light sources, or combinations of light sources
and reflectors.

The imaging system 2 also includes an imaging device 38,
such as a video camera, for viewing the object 32. The
imaging device 38 views the object 32 from a viewing
direction which is represented in FIG. 1 by the arrow 6. The
imaging device 38 receives the diffuse infrared light
reflected from the object 32, and generates an electronic
video image of the object 32 based on the reflected infrared
light.
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Shown in FIGS. 2a and 2b is a preferred embodiment of
the illumination system 10. FIG. 3 depicts a cross-sectional
view of the system 10 corresponding to the section A—A as
shown in FIGS. 2a—b. The system 10 preferably includes a
light source 12 that emits light into one end of a light
diffusing structure 14. The light diffusing structure 14
includes an elongate outer enclosure 16 having reflective
inner surfaces. Preferably, the inner surfaces of the elongate
outer enclosure 16 are white in color. Alternatively, these
reflective surfaces are mirrored surfaces, or a combination of
white and mirrored surfaces. At the end of the light diffusing
structure 14 opposite the light source 12, is a hollow light
guide 22. As described in more detail below, the light guide
22 serves as an output aperture for the diffuse light.

The elongate outer enclosure 16 includes first and second
sections 16a and 16b, each having a large end and a small
end. Preferably, the first and second sections 16a and 165 are
substantially pyramidal in shape, each having four trapezoi-
dal faces. In the preferred embodiment, the four trapezoidal
faces of the sections 16a and 165 are identical, such that
each end of the sections 16a and 165 forms a square
aperture. As shown in FIG. 2b, the larger ends of the first and
second sections 16a and 16 are joined together to form the
enclosure 16.

At the small end of the first section 164 is an input
aperture 18 formed by the four short sides of the four
trapezoidal faces of the section 16a. The light source 12 is
preferably attached to the small end of the first section 16a
at the input aperture 18. Thus, the light generated by the light
source 12 enters the elongate enclosure 16 at the input
aperture 18, and illuminates the interior surfaces of the
enclosure 16.

At the small end of the second section 16b is an output
aperture 20 formed by the four short sides of the four
trapezoidal faces of the section 16b. Attached at the output
aperture 20 is one end of the hollow light guide 22. The light
guide 22 preferably has white reflective inner surfaces
similar to the inner surfaces of the enclosure 16.

The system 10 also includes an elongate inner reflector 24
which is disposed within and preferably coaxial with the
outer enclosure 16. For clarity, the inner reflector 24 is
shown in FIG. 24 removed from the outer enclosure 16. In
the preferred embodiment, the inner reflector 24 is formed
from a square tubular section 244 joined to the square base
of a pyramidal section 24b. Preferably, the pyramidal section
24b has four sides that taper down to an apex. As shown in
FIG. 3, the apex of the pyramidal section 24b is disposed
proximate the input aperture 18 of the outer enclosure 16.
The inner reflector 24 has reflective white outer surfaces
similar to those of the inner surfaces of the outer enclosure
16.

The light diffusing characteristics of the structure 14 are
best understood with reference to FIG. 3. Within the light
source 12 is a lamp 26, such as a quartz-halogen bulb and
gold-plated reflector manufactured by Gilway and having
part number L517A-G. When energized, the lamp 26 pro-
duces electromagnetic radiation in the form of white light.

For purposes of this description, the lamp 26 may be
thought of as a point source radiating light in multiple
directions, as represented by the exemplary rays 28 and 30.
As shown in FIG. 3, the ray 28 reflects from the inner surface
of the section 16b of the outer enclosure 16. The ray 28 then
travels through the output aperture 20, into the light guide
22, and, after multiple reflections from the inner surfaces of
the light guide 22, emits from the exit aperture 23. The ray
30, which exits the light source 12 from a different angle
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than the ray 28, reflects from the inner reflector 24. The ray
30 then reflects from the inner surface of the section 165 of
the outer enclosure 16, and travels through the output
aperture 20 and into the light guide 22. After multiple
reflections from the inner surfaces of the light guide 22, the
ray 30 also emits from the exit aperture 23, but at a different
angle than that of the ray 28.

When an object 32 is placed near the exit aperture 23, the
rays 28 and 30 arrive at the object 32 from different angles.
It will be appreciated that the light radiating from the light
source 12 could be represented as an infinite number of rays
which strike and reflect from the inner reflector 24 and the
inner surfaces of the outer enclosure 16 from an infinite
number of angles. Thus, the light emitted from the exit
aperture 23 arrives at the object 32 from many different
angles, and is therefore highly diffuse light. These arrival
angles range from near perpendicular to near parallel with
the plane of the exit aperture 23. Since the diffusing structure
14 is three-dimensional, it will be appreciated that light also
reflects from the other surfaces of the outer enclosure 16 and
the inner reflector 24, such as those that are perpendicular to
the surfaces shown in FIG. 3. Therefore, the light emitted at
the exit aperture 23 of the illumination system 10 is highly
diffuse, appearing to be generated by many different light
sources.

Due to the arrangement of the reflective inner surfaces of
the outer enclosure 16 and the reflective outer surfaces of the
inner reflector 24, the diffusing structure 14 efficiently
transfers the light radiated from the lamp 26 to the exit
aperture 23. Thus, a very large fraction of the light provided
by the lamp 26 reaches the object 32, and very little light
energy is wasted.

As described in more detail below, the illumination sys-
tem 10 can be used to provide diffuse light for medical
imaging purposes. However, it will be appreciated that the
scope of the invention is not limited to medical uses. The
system 10 could also be used as a diffuse light source for
general photographic purposes.

In a preferred embodiment of the invention, as depicted in
FIG. 3, the light source 12 includes a cold mirror 34
disposed between the lamp 26 and the input aperture 18 of
the outer enclosure 16. The cold mirror 34 reflects substan-
tially all light having wavelengths outside a selected infrared
range of wavelengths. Preferably, the selected range
includes wavelengths from approximately 700 to 1000
nanometers. Immediately proximate the cold mirror 34, and
disposed between the cold mirror 34 and the input aperture
18, is an infrared transmitting filter 36 which further attenu-
ates light having wavelengths outside the selected infrared
range while transmitting light having wavelengths within the
selected infrared range. Thus, the light that passes through
the cold mirror 34 and the filter 36 into the outer enclosure
16 is infrared light having wavelengths within the selected
infrared range.

It should be appreciated that there are other ways that the
light source 12 could be configured to generate infrared
light. For example, the light source 12 could consist of an
infrared light-emitting diode (LED) or an array of infrared
LED’s. Thus, the configuration of the light source 12 shown
in FIG. 3 and described above is a preferred embodiment
only, and the invention is not limited to any particular
configuration of the light source 12.

FIG. 4 depicts the dimensions of a preferred embodiment
of the illumination system 10. As shown in FIG. 4, the total
length of the light diffusing structure 14 is approximately
34.82 inches. The height and width of the outer enclosure 16
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6

at the juncture of the first and section sections 16a and 165
is approximately 10.04 inches. The preferred length of the
light guide 22 is approximately 14.00 inches, and its height
and width is approximately 5.08 inches. Preferably, the total
length of the inner reflector 24 is approximately 15.86
inches. The preferred length of the tubular section 244 of the
inner reflector 24 is approximately 7.93 inches. The height
and width of the tubular section 24¢ is approximately 3.5
inches. The height and width of the light source 12 is
approximately 2.11 inches.

As shown in FIG. 4, a preferred embodiment of the
invention includes a lens 40 used in conjunction with the
video imaging device 38 to produce a video image of the
object 32 based on diffuse light reflected from the object 32.
Preferably, the imaging device 38 of this embodiment is a
charge-coupled device (CCD) video camera 38 manufac-
tured by Cohu, having model number 631520010000. The
lens 40 of the preferred embodiment is a 25 mm {-0.95
movie camera lens manufactured by Angenieux.

The camera 38 and lens 40 of the preferred embodiment
are disposed within the tubular section 24a of the inner
reflector 24. As shown in FIG. 4, the open end of the tubular
section 24a forms an aperture toward which the camera 38
and lens 40 are pointed. In this manner, the hollow light
guide 22 is substantially centered within the field of view of
the camera 38. Thus, the camera 38 receives light reflected
from the object 32 that enters the light guide 22, travels
through the enclosure 16, and enters the open end of the
section 24aq.

As shown in FIG. 4, the preferred embodiment of the
invention includes an infrared-transmitting filter 42 disposed
in the open end of the tubular section 24a. This filter 42
receives light reflected from the object 32, and any other
light that may enter the enclosure 16, and substantially
eliminates all light having wavelengths outside the infrared
range of approximately 700 to 1000 nanometers. In the
preferred embodiment, the filter 42 substantially eliminates
light having wavelengths outside a selected infrared range of
approximately 800 to 850 nanometers. Thus, the light that
passes through the filter 42 and into the lens 40 is infrared
light within the selected wavelength range. Therefore, the
camera 38 primarily receives infrared light which originates
from within the illumination system 10 and which is
reflected from the object 32.

Based on the light reflected from the object 32, the camera
38 generates a video image of the object 32 in the form of
an electrical video signal. As shown in FIG. 5, the video
signal is preferably provided to an image enhancement
board 44, such as a board manufactured by DigiVision
having a model number ICE-3000. The board 44 generates
an enhanced video image signal based on the video signal
from the camera 38. The enhanced video image signal is
provided to a video capture and display card 46, such as a
model 20TDLive card manufactured by Miro. The card 46
captures still images from the image signal which may be
saved in digital format on a digital storage device. The card
46 also formats the video image signal for real-time display
on a video monitor 48.

It should be appreciated that the illumination system 10
could use other means for generating diffuse infrared light in
accordance with the invention. For example, the light pro-
viders 10a—10f of FIG. 1 could be embodied by a ring-light
strobe light. Alternatively, a circular array of LED’s could be
used to illuminate a plastic transmitting diffuser placed near
the surface of the object 32. In the latter embodiment, the
light providers 10a—10f would correspond to the individual
LED’s in the array.
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In an alternative embodiment of the invention depicted in
FIGS. 6a and 6b, the imaging system 2 includes a video
projector 50 for illuminating the object 32 with an image of
the object 32 to enhance the visual contrast between lighter
and darker areas of the object 32. As described in U.S. Pat.
No. 5,969,754, entitled CONTRAST ENHANCING
ILLUMINATOR, the contents of which are incorporated
herein by reference, the features of an object are visually
enhanced for an observer when the features of a projected
visible-light image of the object overlay the corresponding
features of the object. The overlaid visible-light image
causes the bright features of the object to appear brighter
while the dark areas remain the same.

The embodiment of the invention shown in FIGS. 6a and
6b provides diffuse infrared light (represented by the rays
52) to the object 32 in a manner similar to that described
previously. However, in the embodiment shown in FIGS. 6a
and 6b, the optical path of the illuminating light is folded,
such that the exit aperture 23 of the light guide 22 is rotated
by 90 degrees relative to the exit aperture shown in FIGS.
1-3.

As shown in FIG. 6b, a beam separator, such as a hot
mirror 54, receives infrared light 52 from the interior of the
light diffusing structure 14 and reflects the infrared light 52
into the light guide 22 and toward the object 32. The hot
mirror 54 also receives an infrared image of the object 32
(represented by the ray 56) and reflects it toward the camera
38. The hot mirror 54 receives the visible-light image
(represented by the ray 58) from the projector 50 and
transmits it into the light guide 22 and toward the object 32.

As explained in greater detail in U.S. Pat. No. 5,969,754,
the video output signal from the video camera 38 is provided
as a video input signal to the projector 50. Based on the
video input signal, the projector 50 projects the visible-light
image 58 of the object 32 toward the hot mirror 54. The hot
mirror 54 receives the visible-light image 58 and transmits
it into the light guide 22 toward the object 32. By proper
alignment of the projected visible-light image 58 from the
projector 50 with the infrared image 56 of the object 32
which is sensed by the camera 38, the features in the
projected visible-light image 58 are made to overlay the
corresponding features of the object 32.

When the object 32 is body tissue, and the invention is
used to find subcutaneous blood vessels in the body tissue,
the blood vessels appear as dark lines in the projected
visible-light image 58. Thus, when the visible-light image
58 is projected onto the body tissue, the subcutaneous blood
vessels will lie directly beneath the dark lines in the pro-
jected visible-light image 58. In this manner, the invention
significantly improves a medical practitioner’s ability to find
subcutaneous blood vessels while minimizing discomfort
for the patient.

FIGS. 7a and 7b depict an alternative embodiment of the
invention for use as a contrast enhancing illuminator. The
embodiment of FIGS. 7a—b operates in a fashion similar to
the embodiment of FIGS. 6a and 6b. However, in the
embodiment of FIGS. 7a-b, the camera 38 is located outside
the light diffusing structure 14. To accommodate the differ-
ent location of the camera 38, the hot mirror 54 shown in
FIGS. 7a—b is rotated by 90 degrees clockwise relative to its
position in FIGS. 6a—b. Otherwise, the hot mirror 54 serves
a similar function as that described above in reference to
FIGS. 6a-b. Also to accommodate the different camera
location, the infrared-transmitting filter 42 is mounted in a
wall of the light guide 22. A reflective panel 60 is provided
in this embodiment to further direct the light from the light
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source 12 into the light guide 22 and toward the exit aperture
23. Preferably, the panel 60 is a flat reflective sheet having
an orifice therein to allow light to pass between the object 32
and the camera 38 and projector 50.

It is contemplated, and will be apparent to those skilled in
the art from the preceding description and the accompanying
drawings that modifications and/or changes may be made in
the embodiments of the invention. For example, the sections
16a and 16b of the outer enclosure could be conical rather
than pyramidal. Further, the section 244 of the inner reflector
could be cylindrical and the section 24b could be conical.
Alternatively, the sections 16a—b and 24b could be pyrami-
dal and have more than four trapezoidal faces. Thus, it
should be appreciated that the invention is not limited to any
particular shape of the reflectors 24 and 16. Accordingly, it
is expressly intended that the foregoing description and the
accompanying drawings are illustrative of preferred
embodiments only, not limiting thereto, and that the true
spirit and scope of the present invention be determined by
reference to the appended claims.

What is claimed is:

1. An imaging system for viewing body tissue under
infrared illumination to enhance visibility of subcutaneous
blood vessels, the system comprising:

means for illuminating the body tissue with infrared light

from a plurality of different illumination directions,

thereby providing diffuse infrared light to the body
tissue, comprising:

an infrared light source for generating the infrared
light; and

means for diffusing the infrared light having:

an elongate outer enclosure having reflective inner
surfaces, and having a first outer enclosure end and
a second outer enclosure end;

an input aperture disposed at the first outer enclosure
end for receiving the infrared light from the infrared
light source;

a plurality of reflecting surfaces for reflecting the
infrared light multiple times and in multiple reflec-
tion directions, thereby producing diffuse infrared
light; and

an output aperture disposed at the second outer enclo-
sure end for receiving the diffuse infrared light
reflected from the plurality of reflecting surfaces and
for emitting the diffuse infrared light toward the
body tissue; and

an elongate inner enclosure disposed within the outer
enclosure and between the first and second outer
enclosure ends, the inner enclosure having reflective
outer surfaces facing the inner surfaces of the outer
enclosure; and

video imaging means for viewing the body tissue from a

viewing direction, for receiving the diffuse infrared

light reflected from the body tissue, and for generating

a video image of the body tissue based on the diffuse

infrared light reflected from the body tissue.

2. The system of claim 1 further comprising:

the elongate inner enclosure having:

a first inner enclosure end disposed proximate the first
outer enclosure end;

a second inner enclosure end disposed proximate the
second outer enclosure end; and

an inner enclosure aperture disposed at the second inner
enclosure end; and

the video imaging means disposed within the inner enclo-

sure for receiving the diffuse infrared light reflected

from the body tissue through the inner enclosure aper-
ture.
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3. The system of claim 2 further comprising:

filter means disposed at the inner enclosure aperture for
receiving light reflected from the body tissue, and for
attenuating any portion of the light having wavelengths
outside an infrared range of wavelengths to produce
filtered infrared light; and

the video imaging means for receiving the filtered infrared
light from the filter means, and for generating the video
image of the object based on the filtered infrared light.

4. The system of claim 1 wherein the elongate outer

enclosure further comprises:

a first substantially pyramidal section having a small first
pyramidal section end and a large first pyramidal sec-
tion end, the first outer enclosure end incorporating the
small first pyramidal section end;

a second substantially pyramidal section having a large
second pyramidal section end and a small second
pyramidal section end, the large second pyramidal
section end adjoined to the large first pyramidal section
end; and

an outer tubular section having a first outer tubular section
end and a second outer tubular section end, the first
outer tubular section end adjoined to the large second
pyramidal section end, the second outer enclosure end
incorporating the second outer tubular end.

5. The system of claim 4 wherein the elongate inner

enclosure further comprises:

a third pyramidal section having a small third pyramidal
section end and a large third pyramidal section end, the
first inner enclosure end incorporating the small third
pyramidal section end; and

an inner tubular section having a first inner tubular section
end and a second inner tubular section end, the first
inner tubular section end adjoined to the large third
pyramidal section end, and the second inner enclosure
end incorporating the second inner tubular section end.

6. The system of claim 1 further comprising:

a video projector for projecting a visible light image of the
body tissue based on the video image of the body tissue
generated by the video imaging means; and

a beam separator for receiving the diffuse infrared light
from the output aperture and reflecting the diffuse
infrared light toward the body tissue, for receiving the
visible light image from the video projector and trans-
mitting the visible light image toward the body tissue,
and for receiving the infrared light reflected from the
body tissue and reflecting the light reflected from the
body tissue toward the video imaging means.

7. The system of claim 1 further comprising:

a video projector for projecting a visible light image of the
body tissue based on the video image of the body tissue
generated by the video imaging means; and

a beam separator for receiving the diffuse infrared light
from the output aperture and transmitting the diffuse
infrared light toward the body tissue, for receiving the
visible light image from the video projector and reflect-
ing the visible light image toward the body tissue, and
for receiving the infrared light reflected from the body
tissue and reflecting the light reflected from the body
tissue toward the video imaging means.

8. An illumination system for generating and emitting

diffuse light, comprising:

a light source for generating light; and

means for diffusing the light, including:
an elongate outer enclosure having a reflective inner

surface, a first outer enclosure end, a second outer
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enclosure end, an input aperture disposed at the first
outer enclosure end for receiving the light from the
light source, and an output aperture disposed at the
second outer enclosure end for emitting the diffuse
light; and

an elongate inner reflector disposed within the outer
enclosure and between the first and second outer
enclosure ends, the inner reflector having a reflective
outer surface which tapers from a large end to an
apex, and which reflective outer surface faces the
reflective inner surface of the outer enclosure,

the light source disposed in the input aperture of the outer
enclosure for illuminating the reflective inner surface of
the outer enclosure and the reflective outer surface of
the inner reflector,

the inner surface of the outer enclosure and the outer
surface of the inner reflector positioned to reflect the
light from the light source multiple times and in mul-
tiple directions, thereby producing diffuse light and
emitting the diffuse light from the output aperture of the
outer enclosure.

9. The illumination system of claim 8 wherein the elon-

gate outer enclosure further comprises:

a first pyramidal section having a small first pyramidal
section end and a large first pyramidal section end, the
first outer enclosure end incorporating the small first
pyramidal section end; and

a second pyramidal section having a large second pyra-
midal section end and a small second pyramidal section
end, the large second pyramidal section end adjoined to
the large first pyramidal section end, and the second
outer enclosure end incorporating the small second
pyramidal section end.

10. The illumination system of claim 9 wherein the

elongate inner reflector further comprises:
a third pyramidal section having a small third pyramidal
section end and a large third pyramidal section end; and
a tubular section having a first tubular section end and a
second tubular section end, the first tubular section end
adjoined to the large third pyramidal section end.
11. The illumination system of claim 8 further comprising
filter means for receiving light from the light source, for
transmitting infrared light having wavelengths longer than
approximately 700 nanometers, and for substantially exclud-
ing light having wavelengths shorter than approximately 700
nanometers from passing into the outer enclosure.
12. An illumination system for enhancing visual contrast
between bright and dark areas of an object as sensed by a
direct observer of the object, the system comprising:
an infrared light source for generating infrared light;
means for diffusing the infrared light having a plurality of
reflecting surfaces for reflecting the infrared light mul-
tiple times and in multiple directions, thereby produc-
ing diffuse infrared light, the means for diffusing the
infrared light comprising:
an elongate outer enclosure having reflective inner
surfaces, and having a first outer enclosure end and
a second outer enclosure end;

an input aperture disposed at the first outer enclosure
end for receiving the infrared light from the infrared
light source;

an output aperture disposed at the second outer enclo-
sure end for receiving the diffuse infrared light
reflected from the plurality of reflecting surfaces and
for emitting the diffuse infrared light toward the
object; and
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an elongate inner enclosure disposed within the outer
enclosure and between the first and second outer
enclosure ends, the inner enclosure having reflective
outer surfaces facing the inner surfaces of the outer
enclosure;

video imaging means for measuring diffuse infrared light
reflected from the object in the form of an image, and
for creating a video output signal representative of the
image;

a video projector for receiving the video output signal
from the video imaging means and for projecting
visible video projector light onto the object, thereby
forming a visual image which is representative of the
visual image received by the video imaging means,
such that the visual image projected by the video
projector illuminates the object from a perspective that
is the substantially the same as a perspective from
which the video imaging means views the object,
whereby features of the projected visual image overlay
corresponding features of the object; and

filter means for distinguishing between the diffuses infra-
red light and the visible video projector light, and for
preventing the visible video projector light from reach-
ing the video imaging means while allowing the diffuse
infrared light reflected from the object to reach the
video imaging means, thus eliminating positive feed-
back which would degrade the desired visual effect.
13. The system of claim 12 further comprising:
the elongate inner enclosure having:
a first inner enclosure end disposed proximate the first
outer enclosure end;
a second inner enclosure end disposed proximate the
second outer enclosure end; and
an inner enclosure aperture disposed at the second inner
enclosure end; and
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the video imaging means disposed within the inner enclo-
sure for receiving the diffuse infrared light reflected
from the object through the inner enclosure aperture.

14. The system of claim 13 further comprising the filter

means disposed at the inner enclosure aperture.

15. The system of claim 12 wherein the elongate outer

enclosure further comprises:

a first pyramidal section having a small first pyramidal
section end and a large first pyramidal section end, the
first outer enclosure end incorporating the small first
pyramidal section end;

a second pyramidal section having a large second pyra-
midal section end and a small second pyramidal section
end, the large second pyramidal section end adjoined to
the large first pyramidal section end; and

an outer tubular section having a first outer tubular section
end and a second outer tubular section end, the first
outer tubular section end adjoined to the large second
pyramidal section end, the second outer enclosure end
incorporating the second outer tubular end.

16. The system of claim 15 wherein the elongate inner

enclosure further comprises:

a third pyramidal section having a small third pyramidal
section end and a large third pyramidal section end, the
first inner enclosure end incorporating the small third
pyramidal section end; and

an inner tubular section having a first inner tubular section
end and a second inner tubular section end, the first
inner tubular section end adjoined to the large third
pyramidal section end, and the second inner enclosure
end incorporating the second inner tubular section end.
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