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APPARATUS AND METHODS FOR ILLUMINATING SUBSTANCES USING
COLOR TO ACHIEVE VISUAL CONTRAST

Field of Inirenﬁon
The present invention relates to illumination of substances, and more

particularly to illumination of substances using color to achieve visual contrast.

Background of the Invention
A spectrum of light is commonly represented by a chart illustrating a

magnitude of light plotted as a function of wavelength. For example, a spectrum may
exist for a light output device or light from a light output device after the light has
been scattered from a substance.

Color is a physiological response to a spectrum of light. A color may arise
from a response to a narrow band spectrum (e.g., monochromatic light) or a broader
spectrum of light. For example, color may be a response to a spectrum of a light
output device (if the light is directly incident on an eye) or a response 1o a spectrum
that results after the light from the light output device is scattered from a substance (if
the light is viewed after the light is incident on the substance).

Perception of a color in response to viewing a spectrum of light results from a
brain’s interpretation of outputs of an eye’s three different types of cones in response
to the spectrum. A color that is perceived in response to viewing a spectrum of light
is commonly referred to as an apparent color. Since many different spectra can-give
rise to the same outputs from the cones, a given color can be percieved when any of
the different spectra is incident on the eye.

Colors that appear the same but result from different spectra are referred to as

metameric colors, or simply metamers.

Summary

Metamaric colors can be achieved, for example, by scattering a first light and
a second light from a first substance where the first light and the second light have
different spectral components. Illumination of the first substance with the first light

and illumination with the second light will give rise to metameric colors if the
spectrum of the light scattered by the first substance when illuminated by the first

light gives rise to an apparent color that is the same as the apparent color that results
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when the first substance is illuminated by the second light. As a result, the first
substance appears to have the same color regardless of which of the two spectra
illuminates the first substance. While metameric colors result from i1llumination of
the first substance with the first light and the second light, if the first light and the
second light are scattered from a second substance (i.c., the second substance having
different reflectance properties than the first substance), the second substance will
appear to have two different colors, the color depending on which of the first hight and
the second light is used to illuminate the second substance. That is, the first light and
second light will not give rise to metameric colors when they are scattered from the
second substance.

According to aspects of the present invention, a first light and a second light
are chosen such that metamerism is intentionally achieved for a first substance and
not achieved for a second substance. Furthermore, flicker photometry (e.g.,
projecting different amounts of the first light and the second light onto a substance in
an alternating manner) may be used to increase an observer’s sensitivity to the
presence of the first substance and the second substance. For example, in some
embodiments, it is appropriate to modulate the light outputs at the rate of 15-20 Hz, a
rate at which observers teﬁd to be most sensitive to differences in color, It will be
appreciated that during a procedure, at times, the first substance and the second
substance will be simultaneously illuminated by the first light and the second light.
During simultaneous illumination, one of the substances will appear to have a

~ constant color and the other substance will appear to vary in color depeﬁdhg on
whether it is illuminated by the first light or the second light.

It will also be appreciated that in some instances, when metamerism is
achieved-for light reflected from a given substance, some flicker may occur due to
spatial variations in the reflectance properties of a substance. For example, if the
substance is retinal tissue, portions of the tissue having blood vessels or greater blood
flow may have different reflectance properties than other portions of the tissue.
However, for a bulk of the tissue, metamerism will be achieved.

For example, spectra of the first light and the second light to be used in an
embodiment of the present invention can be chasen by examining reflectance spectra
for a first substance (i.e., a background substance) and for a second substance (i.e., a
target substance) and adjusting the spectra of the first light and/or the second light to
achieve metamerism for the light scattered from the first substance, A list of pairs of

2
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spectra of the first light and second light can thus be obtained, the pairs resulting in a
same perceived color when alternately illuminating the first substance, and a
substantial color difference when alternately illuminating the second substance.

The term “scatter” as used herein refers to light that is diffusely reflected from
a substance.

An aspect of the invention is directed to an illumination system for
illuminating a first biologic substance and a second biologic substance, comprising a
first light output device capable of outputting polychromatic first light, a second light
output device capable of outputting polychromatic second light, the first light output
device and the second light output device selected such that (i) a first apparent color
results when the first light is scattered from the first biologic substance and a second
apparent color results when the second light is scattered from the first biologic
substance, the first apparent color and the second apparent color being substantially
the same as one another and (ii) a third apparent color results when the first light is
scattered from the second biologic substance and a fourth apparent color results when
the second light is scattered from the second biologic substance, the third apparent
color and the fourth apparent color being substantially different than one another, and
means for temporally modulating amounts of the first light and amounts of the second
light in a light output from the system. |

In some embodiments, at least one of the first light output dc\}ice and the
second light output device comprises a polychromatic source. The first light output
device and the second light output device may comprise a common polycﬁrornatiq
source.

In some embodiments, at least one of the first light output device and the
second light output device comprises a monochromatic source.
| In some embodiments, the means for modulating is adapted to altemately
provide the first light and the second light in the light output from the system. In
some embodiments, the means for modulating is adapted to alter an amount of the
first light and the second light in the light output from the system such that both the
first light and the second light are output at a same time.

The means for modulating may comprise an electromechanical component for
alternately positioning a first filter and a second filter to form the first light and the
second light. The means for modulating may comprise an electrical component for
alternately enabling a first filter and a second filter to form the first light and the
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second light. The first light output device may comprise a first source and the second
light output device may comprise a second source, and the means for modulating may
comprise an electrical component for altering an output from a first source and an
output from a second source to alter the first light and the second light.

In some embodiments, at least one of the first light output device and the
second light output device comprises at least two LEDs.

Another aspect of the invention is directed to a method of illuminating a ﬁrst
biologic substance and a second biologic substance, comprising outputting onto, both,
the first biologic substance and the second biologic substance A) a modulated

polychromatic first light, and B) a modulated polychromatic second light, (i)
scattering of the first light by the first biologic substance giving rise to a first apparent
color and scattering of the second light by the first biologic substance giving rise to a
second apparent color, the first apparent color and the second apparent color being
substantially the same as one another, and (i) scattering of the first light by the
second biologic substance giving rise to a third apparent color and scattering of the
second light by the second biologic substance giving rise to a fourth apparent color,
the third apparent color and the fourth apparent color being substantially different
from one another.

The method may comprise producing at least one of the first light and the
second light using a polychromatic source. The step of producing may comprise
using the polychromatic source to produce the first light and the second light. |

The method may comprise producing at least one of the first light and the
second light using a monochromatic source.

The step of outputting may comprise alternately outputting the first light and
the second light onto, both, the first biologic substance and the second biologic
substance. The step of outputting may comprise modulating an amount of the first
light and an amount of the second light such that the first light and the second light
are projected onto, both, the first biologic substance and the second biologic substance
at a same time. '

The step of outputting may comprise alternately positioning a first filter and a
second filter in a light from a source to form the first light and the second light.

The step of outputting may comprise using an electrical component to enable a
first filter and a second filter to form the first light and the second light.
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The step of outputting comprises altering an amount of light output from a
first source and an amount of light output from a second source,

Brief Description of the Drawings
Illustrative, non-limiting embodiments of the present invention will be

described by way of example with reference to the accompanying drawings, in which
the same reference number is used to designate the same or similar components in
different figures, and in which:

FIG. 1A is a block diagram of an illumination system according to aspects of
the present invention for illuminating substances;

FIGs. 1B and 1C are graphical representations of light signals showing
modulations of amplitudes of light L; and light Ly;

FIG. 2 is a schematic illustration of an example of an embodiment of an
illmﬁination systemn for illuminating substances, according to aspects of the present
invention; |

FIG. 3 is a schematic illustration of an example of a means for temporally
modulating a light output for use in illumination systems for illuminating substances,
according to aspects of the present invention; and

FIGs. 4-6 are schematic illustrations of examples of light output devices and
means for temporally modulating a light output for use in illumination systems for

illuminating substances, according to aspects of the present invention.

Detailed Description
FIG. 1A is a block diagram of an illumination system 100 for illuminating a

first substance S; and a second substance S;. The illumination system comprises a
first light cutput device 110 for producing first polychromatic light L, a second light
output device 120 for producing second polychromatic light L, and means 130 for
temporally modulating amounts of first light L; and amounts of second light L;in
light output from system 100.

First light output device 110 is capable of producing first light L; comprising
at Jeast light of a first wavelength and light of a second wavelength. It will be
appreciated that first light L; generates a first apparent color after it is scattered from
first biologic substance S; and a second apparent color after it is scattered from the
second biologic substance Sa.
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For example, the first light output device may comprise a polychromatic
source, or the first light output device may comprise two or more sources of light each
providing a different color component than the other. In embodiments having two or
more sources, the outputs of the two or more sources are combined to produce the
first light which has a polychromatic spectrum; and, each source can be
monochromatic or polychromatic. For example, in embodiments including
monochromatic sources, the first light output device may comprise two or more LEDs
each providing light of a different color or the output device may comprise two or
more lasers each providing light of a different color. For example, in embodiments
comprising a polychromatic source, which may be filtered or unfiltered, the first light
output device may comprise one or more gﬁseous arc lamp or incandescent lamp.

Second light output device 120 is capable of praducing second light L.
Second light output device 120 may be configured in any manner as set forth above
with reference to first light output device 110 provided that the conditions for the first
light and second light, as set forth herein, are met.

It will be appreciated that, although the above embodiments were described as
forming the first light and the second light from different sources, the first light and
the second light can be obtained by selectively filtering portions of the spectrum of a
single polychromatic source.

First light output device 110 and the second light output device 120 are
sclected such that (i) a first apparent color results when the first light L, is scattered
from the first substance S, and observed by eye E, and a second apparent color results
when the second light L; is scattered from the first substance S and observed by eye
E, the first apparent color and the second apparent color being substantially the same
as one another. |

Additionally, first light output device 110 and the second light output device
120 are selected such that (11) a third apparent color results when the first light L, is
scattered from the second substance S; and a fourth apparent color results when the

second light L, is scattered from the second substance S,, the third apparent color and
the fourth apparent color being substantially different than one another. It will be
appreciated that second substance S, will appear to have a first color when
illuminated by the first light L, and will appear to have a second color when
illuminated by the second light L,; whereas the first substance S; will appear to have a
same color regardless of whether the first substance is illuminated by the first light L,
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or the second light L>. The first apparent color and the second apparent color will be
of a same hue as one another (e.g., red, yellow, green, blue, or an intermediate
thereof). It is also advantageous that the first apparent color and the second apparent
color have a same or very similar value and saturation such that a viewer sees a
substance as 8 constant color, when the substance is alternately illuminated by the first
light and the second light. Typically, the third apparent color and the fourth apparent
color will be of different hues than one another. However, the third apparent color
and the fourth apparent color may be of a same hue as one another provided they have
substantially different values and/or saturation such that a color contrast is visible
when the substance is alternately illuminated by the first light and the second light.

Means 130 for temporally modulating amounts of the first light L, and the
second light L, in a light output from system 100 alters the relative amounts of first
light L; and second light L; in the output. Typically the peak amounts of L; and L,
will occur at different times. For example, the L; and L; may be periodic signals that
are out of phase (e.g. by 180 degrees).

Means 130 may be embodied in numerous ways. For example, means 130
may be embodied as a mechanically movable part that alternately directs first light L,
and second light L, into the output of system 100. Alternatively, the means alters the
amount of first light L; and second light L, in the output. The means may comprise
one or more optical components such a mirror or a refractive element. For example,
the optical component may be rotatable mirror, a digital mirror or an acousto-optical
component.

As indicated above, in some embodiments, the first light and the second light
are formed by filtering a single broadband source. In such embodiments, the first
light output device comprises the broadband source and a first filter and the second
light output device comprises the broadband light source, which may be unfiltered or
may be filtered by a second filter.

It will be appreciated that, in such embodiments, by alternately filtering light
from the broadband source it is possible to form a first light and a second light as
described above. It will also be appreciated that, in some such embodiments, the
means for temporally modulating a light output consists of an electromechanical
component (1.€., no optiéal component) for alternately positioning the first filter and
the, optional, second filter which are parts of the first light output device and the
second light output device, respectively. For example, the first filter and the second
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filter may be located on a filter wheel which causes the light from the source to be
alternately filtered by the first filter and the second filter.

In other such embodiments, where a filter material may be electrically
alterable or alterable by other stimulus to provide differing filtering properties, the
means 130 for temporally modulating a light output consists of an electrical or other
non-mechanical component for alternately providing or enabling the first filter and the
second filter. As indicated above, the first filter and the second filter are parts of the
first light output device and the second light output device, respectively.

In yet other such embodiments, two light sources providing first light and
second light, respectively, are modulated each with or without filtering. The means
for temporally modulating a light output of system 100 consists of an electrical device
for modulating (e.g., alternately activating) the first light source and the second light
source. In any given embodiment, means 130 may comprise one of more optical,
mechanical, electrical or other components.

The wavelength components of first light L, and second light L» can be
selected experimentally by adding to or subtracting from the spectrum of light L,
and/or L, while observing first substance S;, and adjusting the components until the
first substance S; appears to have the same color when illuminated by either first light
L; or second light L,. Of course, it will be appreciated that spectra of the first light
and the second light must be different than one another. Additionally, second
substance S; must appear to have different colors depending on whether the second
substance is illuminated by first light L, or second light L,. It will also be appreciated
that, provided the compositions of the substances S; and S, are different that, after
having selected the spectral components of the first light L; and second light L, such
that the first substance S; appears to have the same color regardless of which light is
used to illuminate the first substance, in most instances it is a trivial matter that
second substance S; must appear to have different colors depending on whether the
second substance is illuminated by first light L, or second light L.

Alternatively, the wavelength components of first light L, and second light L,
can be calculated or calculated to achieve a starting point for experimental selection.
Calculation can be achieved using conventional color reproduction techniques, such
as those described in Measuring Colour, by Dr. R,W.G. Hunt, Third Edition, Fountain
Press, ISBN 0 86343 387 1 the substance of which is incorporated by reference. For

example, it will be appreciated that calculations to determine light outputs for first
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light L; and second light L, when scattered from a substance typically include
multiplying a reflectance curve for the substance (e.g., a reflectance curve of retinal
tissue) by the spectrum of lights L, to achieve a first result and multiplying the
reflectance curve for the substance by the spectrum of lights L to achieve a second
result. A gain may then be selected for one or both of the results to facilitate
achieving the same or similar light amplitudes for the first and second outputs. It will
be appreciated that the gain will typically be selected such that the light amplitude (in
addition to the reflected color) does not cause substantial flicker in li.ght intensity
when a substance is viewed by a user of the system as it is altemately illuminated by
L)and L;. After the gain applied, the resulting spectra may be multiplied by color
matching functions and normalized.

The substances S,, S; may be biologic or non-biologic. Biologic substances
may be human or non-human. The biologic substances may be from any internal or
external portion of a human body. For example, the biologic substances may be
ophthalmic substances. For example, the first substance may be retinal tissue and the
second substance may be vitreous humor. Either of the biologic substances may be
tissue or non-tissue.

First light output device 110 and second light output device 120 may directly
illuminate the first substance S, and/or second substance S,, or may be conducted
through one or more optical elements such as a fiber optic.

FIGs. 1B and 1C are graphical representations of periodic light amplitude
signals showing modulations of light L, and light L,. The graphs indicate light

-amplitude (e.g., intensity) as a function of time. In FIG. 1B, the signals o'f light L; and
iight L, are square waves where light L, and light L, are alternately provided in the
output of system 100. That is, each of light L, and light L, are fully on and fully off,
and signals are out of phase with one another (e.g, 180 degrees out of phase). In FIG.
1C, the amounts of light in the system output are altered; however neither light L, and
light L, is not completely off over the illustrated time period t. It will be appreciated
that in such a configuration, the amount of flicker can be set to an amount that is
visible yet not unpleasant. It will also be appreciated that a non-square wave signal

may be used (e.g., a sinusoidal wave) to control the amount of flicker observed by a

user.
FIG. 2 is a schematic illustration of an example of an embodiment of an

illumination system for illuminating substances, according to aspects of the present
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invention. In the illustrated embodiment, a first light output device 220a comprises a
broadband light source 210 and a filter 240a, and a second light output device 220b
comprises broadband light source 210 and a filter 240b. As illustrated, devices 220a
and 220b may comprise one or more collimating optics 230a and 230b, and one or
more steering optics (e.g., mirror 250). A means 225 for temporally modulating a
light output includes a digital mirror 260 and appropriate controls 262 for selectively
directing light from output device 220a and light from output device 220b into output

~ path O. Optionally, the output path may include a fiber optic 280, and corresponding
focusing optics 270 for dclivering the light to substances. For example, a fiber optic
may be desirable where light is to be delivered inside a human body, for example, into
an eye. FIG. 3 illustrates an example of a means 325 for temporally modulating
amounts of first light L, and the second light L, in the light output from system 100,
Means 325 comprises a conventional planar mirror 310 which is rotatable about an
axis A by a drive mechanism 312. Means 325 can replace means 225 in the system of
FIG. 2, and selectively direct light from output device 220a and light from output
device 220b into output path O.

FIG. 4 is schematic illustration of examples of light output devices 420a, 420b
and means 4235 for temporally modulating a light output for use in illumination
systems for illuminating substances, according to aspects of the present invention. In
the illustrated embodiment, first light output device 420a comprises a first broadband
source 422a and a first filter 424a for gcncrziﬁng first light; and second light output
device 420b comprises a second broadband source 422b and a second filter 424b for
generating second light. Means 425 for temporally modulating a light output O
comprises an opaque shutter 426 and a driver 428 for moving the shutter between a
first position X and a second position X’ where it alternately blocks light from one of
the light output devices 420a, 420b and permits light to enter the output O from the
other light output device 420a and 420b. In some embodiments, to achieve signals of
light L) and L as shown in FIGs. 1B or 1C, shutter 426 may be less than fully opaque
or shutter 426 may be configured to so as to not completely block light form device
420a when in position X, and not completely block light from device 420b when in
position X.

FIG. 5 is a schematic illustration of examples of light output devices 520a,
520b and means 525 for temporally modulating a hight output for use in illumination
systems for 1lluminating substances, according to aspects of the present invention. In
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the illustrated embodiment, first light output device 320a comprises a broadband
source 522 and a first filter 524a for generating first light; and second light output
device 520b comprises broadband source 522 and a second filter 524b for generating
second light. Means 5235 for temporally modulating a light output O comprises*an
rotatable structure for alternately positioning first filter 524a and second filter 524b in
front of source 522 and a driver 528 for rotating the structure such that the light from
source 522 is alternately filtered by the first filter 524a and second filter 524b before
entering output O. Output O may comprise one or more optics for delivering light to
substances (€.g., fiber optics, steering optics or focusing optics).

FIG. 6 is a schematic illustration of examples of light output devices 620a,
620b and means 625 for modulating amounts of the first light L; and the second light
L> in a light output O for use in illumination systems for illuminating substances,
according to aspects of the present invention. In the illustrated embodiment, first light
output device 620a for producing polychromatic light L; comprises a first plurality of
monochromatic sources 622a)., for generating first light L;; and second light output
device 620b for prodlicing polychromatic light L, comprises a second plurality of
monochromatic sources 622by., for generating the second light L,. For example,
sources 622a and/or sources 622b may comprise two or more LEDs. Means 625 for
modulating amounts of the first light L, and the second light L in a light output
comprises an elecﬂnnic driver for modulating device 620a and device 620b. Devices
620a and 620b may comprise one or more filters. Output O may comprise one or
more optics for delivering light to substances (e.g., fiber optics, steering optics or
focusing optics).

Having thus described the inventive concepts and ﬁ number of exemplary
embodiments, it will be apparent to those skilled in the art that the invention may be
implemented in various ways, and that modifications and improvements will readily
occur to such persons. Thus, the embodiments are not intended to be limiting and
presented by way of example only. The invention is limited only as required b)'! the

following claims and equivalents thereto.
What is claimed is:
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The embodiments of the present invention for which an exclusive property or

privilege 1s claimed are defined as follows:

1. An 1llumination system for i1lluminating a first biologic substance and a second
biologic substance, comprising:

a first light output device capable of outputting polychromatic first light;

a sccond light output device capable of outputting polychromatic second light,
the first light output device and the second light output device selected such that (1) a
first apparent color results when the first light 1s scattered from the first biologic
substance and a second apparent color results when the second light is scattered from
the first biologic substance, the first apparent color and the second apparent color
being substantially the same as one another and (i1) a third apparent color results when
the first light is scattered from the second biologic substance and a fourth apparent
color results when the second light is scattered from the second biologic substance,
the third apparent color and the fourth apparent color being substantially different

than one another; and
means for temporally modulating amounts of the first light and amounts of the

second light in a light output from the system.

2. The system of claim 1, wherein at least one of the first light output device and

the second light output device comprises a polychromatic source.

3. The system of claim 1, wherein the first light output device and the second

light output device comprise a common polychromatic source.

4. The system of claim 1, wherein at least one of the first light output device and

the second light output device comprises a monochromatic source.

5. The system of claim 1, wherein the means for modulating 1s adapted to

alternately provide the first light and the second light in the light output from the system.

12
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6. The system of claim 1, wherein the means for modulating i1s adapted to alter
an amount of the first light and the second light 1n the light output from the system such that
both the first light and the second light are output at a same time.

7. The system of claim 1, wherein means for modulating comprises an
electromechanical component for alternately positioning a first filter and a second filter to

form the first light and the second light.

8. The system of claim 1, wherein means for modulating comprises an electrical

component for alternately enabling a first filter and a second filter to form the first hight and

the second light.

9. The system of claim 1, wherein the first light output device compnses a first
source and the second light output device comprises a second source, and wherein the means
for modulating comprises an electrical component for altering an output from a first source

and an output from a second source to alter the first light and the second light.

10.  The system of claim 1, wherein at least one of the first light output device and

the second light output device comprises at least two LEDs.

11. A method of illuminating a first biologic substance and a second biologic
substance, comprising:
outputting onto, both, the first biologic substance and the second biologic
substance A) a modulated polychromatic first light, and B) a modulated
polychromatic second light,
(1) scattering of the first light by the first biologic substance giving rise to
a first apparent color and scattering of the second light by the first
biologic substance giving rise to a second apparent color, the first
apparent color and the second apparent color being substantially the
samc as on¢ another, and
(11)  scattering of the first light by the second biologic substance giving rise
to a third apparent color and scattering of the second light by the

second biologic substance giving rise to a tourth apparent color, the

13
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third apparent color and the fourth apparent color being substantially

different from one another,
wherein the step of outputting comprises alternately outputting the first light

and the second light onto, both, the first biologic substance and the second biologic

substance.

12. The method of claim 11, further comprising producing at least one of the first

light and the second light using a polychromatic source.

13.  The method of claim 12, wherein the step of producing comprises using the

polychromatic source to produce the first light and the second light.

14.  The method of claim 11, further comprising producing at least one of the first

light and the second light using a monochromatic source.

15.  The method of claim 11, wherein the step of outputting comprises modulating

an amount of the first light and an amount of the second light such that the first light and the

second light are projected onto, both, the first biologic substance and the second biologic

substance at a same time.

16. The method of claim 11, wherein the step of outputting comprises alternately

positioning a first filter and a second filter in a light from a source to form the first light and

the second light.

17. The method of claim 11, wherein the step of outputting comprises using an

electrical component to enable a first filter and a second filter to form the first light and the

second light.

18. The method of claim 11, wherein the step of outputting comprises altering an

amount of light output from a first source and an amount of light output from a second

SOUICcE.
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